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1. General Methods:

NMR spectra were recorded with tetramethylsilane as the internal standard. TLC was performed on
glass-backed silica plates. Column chromatography was performed using silica gel (200-300 mesh)
eluting with ethyl acetate and petroleum ether (EtOAc/PE). '"H NMR spectra were recorded at 400 MHz
(Varian) and °C NMR spectra were recorded at 100 or 50 MHz (Varian). Chemical shifts are reported in
ppm downfield from CDCl; (8 = 7.27 ppm) for 'H NMR and relative to the central CDCl; resonance (8 =
77.0 ppm) for °C NMR spectroscopy. Coupling constants are given in Hz. Optical rotations were
measured at 589 nm at 20 °C. Enantiomeric excess was determined by HPLC analysis on Chiralpak AS,
AD and Chiralcel OD columns in comparison with authentic racemic samples. Toluene was distilled from
CaH,. All other chemicals were used without purification as commercially available. Cinchona alkaloid
catalysts (DHQD),PHAL, (DHQD),PYR, (DHQD),AQN and (DHQ),AQN were purchased from Aldrich
Chemical Company. Morita—Baylis—Hillman carbonates were prepared according to the literature.'

Enamides 1a°, 1d-1k*, 1b-1c’, 1h* and 1i° were prepared according to the reported methods.

(1) J. Feng, X. Lu, A. Kong and X. Han, Tetrahedron, 2007, 63, 6035.

(2) C. Sun and S. M. Weinreb, Synthesis, 2006, 21, 3585.

(3) H. Kiyohara, R. Matsubara and S. Kobayashi, Org. Lett., 2006, 8, 5333.

(4) G. Zhu, Z. Chen and X. Zhang, J. Org. Chem., 1999, 64, 6907.

(5) B. S. Jursic, S. Sagiraju, D. K. Ancalade, T. Clark, E. D. Stevens, Synth. Commun., 2007, 37, 1709.

2. General procedure for asymmetric N-allylic alkylation reaction
To a solution of 1a (32.2 mg, 0.2 mmol) and (DHQD),AQN (8.6 mg, 5 mol%) in dry toluene (1.0 mL)

was added 2a (116.8 mg, 0.4 mmol). The reaction mixture was stirred at 50 °C until consumption of 1a,
which was monitored by TLC. Flash chromatography on silica gel (EtOAc/petroleum ether = 1/5) give 3a
as a colourless oil (45.6 mg, 68%).

Ph 3a, 68% yield; [a]p®® = -37.0 (c = 1.75 in CHCl;); 85% ee, determined by HPLC

Ac. COOMe ) . . . .
N/W analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,

Ph/& t (major) = 11.154 min, t (minor) = 7.511 min]; '"H NMR (400 MHz, CDCLy): & =
7.26-7.11 (m, 10H), 6.40 (s, 1H), 6.39 (s, 1H), 5.72 (s, 1H), 5.66 (s, 1H), 5.30 (s, 1H), 3.62 (s, 3H), 2.08

(s, 3H) ppm; °C NMR (100 MHz, CDCls): § = 171.0, 166.6, 146.9, 139.6, 137.4, 136.7, 129.8, 128.6,
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128.3, 127.7, 127.5, 126.6, 125.9, 115.8, 61.9, 51.9, 23.4 ppm; ESI-HRMS: calcd. for C;;H,NO3+Na
358.1419, found 358.1424.

h 3b, 71% yield; [a]p™® = +13.6 (¢ = 0.22 in CHCl3); 82% ee, determined by HPLC

0

AC\NW COOMe analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,
Ph& t (major) = 8.280 min, t (minor) = 6.804 min]; "H NMR (400 MHz, CDCl;): major
rotational isomer: 6 = 7.30-7.06 (m, 5.67H), 6.39 (s, 0.57H), 6.28 (s, 0.57H), 6.23 (s, 0.57H), 5.90 (q, J =
6.8 Hz, 0.57H), 3.60 (s, 1.71H), 2.16 (s, 1.71H), 1.51 (d, J = 6.8 Hz, 1.71H) ppm; minor rotational isomer:
0 =7.30-7.06 (m, 4.33H), 5.83 (s, 0.43H), 5.82-5.77 (m, 0.43H), 5.76 (s, 0.43H), 5.67 (s, 0.43H), 3.66 (s,
1.29H), 2.14 (s, 1.29H), 1.74 (d, J = 7.2 Hz, 1.29H) ppm; °C NMR (100 MHz, CDCls): major rotational
isomer: & = 171.7, 166.6, 155.8, 141.3, 139.2, 136.1, 129.9, 128.3, 128.0, 127.8, 127.5, 126.6, 126.3,
125.0, 62.3, 51.9, 22.5, 14.6 ppm; minor rotational isomer: 6 = 170.4, 162.5, 152.8, 140.1, 137.2, 130.2,
128.5, 128.2, 127.9, 127.6, 127.4, 126.4, 125.8, 111.3, 61.2, 51.8, 22.4, 14.6 ppm; ESI-HRMS: calcd. for
Cx»nH»3NOs+Na 372.1576, found 372.1571.

3c, 94% yield; [a]p™® = -52.7 (¢ = 1.30 in CHCl); 87% ee, determined by

Ph
Z COOM . . . :
AC\NA§ ® HPLC analysis [Daicel Chiralpak AD, n-hexane/I-PrOH = 70/30, 1.0
/@)\/ mL/min, A = 254 nm, t (major) = 5.930 min, t (minor) = 5.297 min]; 'H
cl NMR (400 MHz, CDCls): major rotational isomer: d = 7.26-7.04 (m, 4.68H),

6.36 (s, 0.52H), 6.26 (s, 0.52H), 6.25 (s, 0.52H), 5.88 (q, J = 7.2 Hz, 0.52H), 3.60 (s, 1.56H), 2.13 (s,
1.56H), 1.52 (d, J = 6.8 Hz, 1.56H) ppm; minor rotational isomer: & = 7.26-7.04 (m, 4.32H), 5.81-5.77 (m,
0.96H), 5.69 (s, 0.48H), 5.64 (s, 0.48H), 3.66 (s, 1.44H), 2.11 (s, 1.44H), 1.71 (d, J = 6.8 Hz, 1.44H)
ppm; BC NMR (100 MHz, CDCl3): major rotational isomer: 6 = 171.6, 166.4, 140.3, 139.7, 137.8, 137.0,
133.9, 129.9, 128.5, 128.0, 127.7, 127.6, 127.0, 124.9, 62.3, 51.9, 22.5, 14.6 ppm; minor rotational isome:
0=171.1,166.4, 140.1, 139.2, 137.1, 135.9, 133.9, 130.1, 129.1, 128.4, 127.9, 127.7, 127.1, 126.3, 61.2,
51.9,22.4, 14.5 ppm; ESI-HRMS: calcd. for C;,H,,CINO3;+Na 406.1186, found 406.1188.

3d, 63% yield; [a]p™® = -56.4 (C = 2.40 in CHCl;); 86% ee, determined by

Ph
Z COOMe
AC\NA\< HPLC analysis [Daicel Chiralpak AS, n-hexane/i-PrOH = 80/20, 1.0
/©)\/ mL/min, A = 254 nm, t (major) = 8.638 min, t (minor) = 5.927 min]; 'H
o NMR (400 MHz, CDCl3): major rotational isomer: 6 = 7.27-7.04 (m,
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3.92H), 6.83-6.76 (m, 1.12H), 6.34 (s, 0.56H), 6.27 (s, 0.56H), 6.25 (s, 0.56H), 5.78 (q, J = 6.8 Hz,
0.56H), 3.82 (s, 1.68H), 3.60 (s, 1.68H), 2.15 (s, 1.68H), 1.50 (d, J = 7.2 Hz, 1.68H) ppm; minor
rotational isomer: 6 = 7.27-7.04 (m, 3.08H), 6.83-6.76 (m, 0.88H), 5.84 (s, 0.44H), 5.71 (s, 0.44H), 5.67
(q, J =7.2 Hz, 0.44H), 5.64 (s, 0.44H), 3.80 (s, 1.32H), 3.66 (s, 1.32H), 2.12 (s, 1.32H), 1.68 (d, J = 7.2
Hz, 1.32H) ppm; °C NMR (100 MHz, CDCl;): major rotational isomer: & = 171.7, 166.5, 159.5, 140.8,
140.1, 137.4, 131.8, 130.2, 127.9, 127.6, 127.4, 126.8, 125.1, 113.7, 62.3, 55.3, 51.9, 22.5, 14.5 ppm;
minor rotational isomer: & = 171.2, 166.5, 159.5, 140.2, 139.4, 136.1, 131.1, 129.8, 127.8, 127.5, 127.2,
126.1, 124.7, 113.5, 61.3, 55.3, 51.8, 22.4, 14.3 ppm; ESI-HRMS: calcd. for C,3H2NO4+H 380.1862,
found 380.1867.

Ph 3e, 59% yield; [a]p>’ = -63.7 (¢ = 2.10 in CHCl3); 89% ee, determined by HPLC
AC\NWCOOME analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254
NN nm, t (major) = 8.607 min, t (minor) = 6.613 min]; "H NMR (400 MHz, CDCls):
major rotational isomer: & = 7.27-7.08 (m, 3.24H), 6.95-6.90 (m, 0.54H), 6.84-
6.83 (m, 0.54H), 6.35 (s, 0.54H), 6.34 (s, 0.54H), 6.30 (s, 0.54H), 5.96-5.91 (m, 0.54H), 3.62 (s, 1.62H),
2.16 (s, 1.62H), 1.54 (d, J = 6.8 Hz, 1.62H) ppm; minor rotational isomer: 6 = 7.27-7.08 (m, 2.76H), 6.95-
6.90 (m, 0.92H), 5.98 (s, 0.46H), 5.88-5.82 (m, 0.92H), 5.77 (s, 0.46H), 3.65 (s, 1.38H), 2.10 (s, 1.38H),
1.69 (d, J = 7.2 Hz, 1.38H) ppm; >*C NMR (100 MHz, CDCl;): major rotational isomer: & = 174.2, 166.5,
143.6, 139.7, 136.8, 135.9, 129.9, 128.8, 127.8, 127.6, 127.2, 125.8, 124.8, 124.5, 62.5, 51.8, 22.6, 14.2
ppm; minor rotational isomer: 6 = 171.2, 166.5, 143.1, 139.2, 136.0, 135.2, 129.8, 128.3, 127.7, 127.5,
127.1, 125.0, 124.7, 124.2, 61.8, 51.8, 22.4, 14.0 ppm; ESI-HRMS: calcd. for Cy0H»;NO3S+Na 378.1140,
found 378.1149.

Ph 3f, 52% yield; [a]p™® = -11.22 (¢ = 1.80 in CH,Cl,); 87% ee, determined by HPLC
& COOMe

AC\NA( analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254
N—CooEt nm, t (major) = 7.478 min, t (minor) = 6.691 min]; 'H NMR (400 MHz, CDCls): &
=17.34-7.24 (m, 5H), 6.46 (s, 1H), 6.23 (s, 1H), 5.73 (s, 1H), 5.59 (s, 1H), 4.13 (q, J = 7.2 Hz, 2H), 3.71 (s,
3H), 2.14 (s, 3H), 2.12 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCls): & = 169.0,
166.5, 165.4, 154.8, 139.2, 137.0, 128.8, 128.4, 127.9, 127.7, 122.1, 61.9, 60.3, 52.1, 23.2, 21.1, 14.1

ppm; ESI-HRMS: calcd. for C;9H»3NOs+Na 368.1474, found 368.1469.
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Ph 3g, 92% vyield; [a]p™ = -222.0 (¢ = 3.60 in CHCLs); 84% ce, determined by
Ac. B COOMe

N HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,

Meooc)\Ph

MHz, CDCls): major rotational isomer: 6 = 7.57-6.91 (m, 9.02H), 6.68 (s, 0.82H), 6.51 (s, 0.82H), 6.22 (s,

A = 254 nm, t (major) = 14.599 min, t (minor) = 8.522 min]; 'H NMR (400

0.82H), 3.78 (s, 2.46H), 3.60 (s, 2.46H), 1.94 (s, 2.46H) ppm; minor rotational isomer: 6 = 7.57-6.91 (m,
1.98H), 6.24 (s, 0.18H), 6.18 (s, 0.18H), 5.52 (s, 0.18H), 3.74 (s, 0.54H), 3.44 (s, 0.54H), 2.05 (s, 0.54H)
ppm; BC NMR (100 MHz, CDCl3): major rotational isomer: 6 = 170.4, 166.5, 166.2, 140.5, 138.1, 134.8,
131.0, 130.3, 129.8, 128.8, 128.7, 128.3, 127.7, 125.0, 62.0, 52.4, 51.6, 22.7 ppm; minor rotational isomer:
0 =170.4, 166.5, 166.2, 139.8, 137.6, 132.3, 130.8, 130.1, 129.2, 128.8, 128.5, 127.8, 127.7, 127.3, 62.8,
52.4,52.4,22.7 ppm; ESI-HRMS: calcd. for Cy3H,3NOs+Na 416.1474, found 416.1474.

Ph.  cooMe 3h, 68% yield; [(x]D20 =-11.88 (c = 1.65 in CH,Cl,); 82% ee, determined by
N/_§ HPLC analysis [Daicel Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,
\ A =254 nm, t (major) = 15.194 min, t (minor) = 13.537 min]; 'H NMR (400
MHz, CDCl3): 6 = 7.37-7.15 (m, 9H), 6.63 (s, 1H), 6.54 (s, 1H), 6.43 (s, 1H), 5.66 (s, 1H), 3.69 (s, 3H),
3.27 (d, J=22.8 Hz, 1H), 2.97 (d, J = 22.4 Hz, 1H), 2.72 (s, 3H) ppm; °C NMR (100 MHz, CDCl3): § =
170.2, 166.6, 145.8, 141.9, 141.0, 139.6, 137.5, 128.6, 128.5, 127.8, 127.5, 127.3, 126.7, 125.6, 123.6,
121.6,61.1,52.1, 41.2, 23.2 ppm; ESI-HRMS: calcd. for C;;H,NO3+Na 370.1419, found 370.1413.

h 3i, 26% yield; [a]p®® = -47.31 (c = 1.60 in CHCL); 69% ee, determined by HPLC

Uiye)

AC\NWCOOMG analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 220 nm,

@ t (major) = 9.197 min, t (minor) = 6.617 min]; '"H NMR (400 MHz, CDCL;): & =

7.30-7.21 (m, 5H), 6.40 (s, 1H), 6.31 (s, 1H), 5.60 (brs, 2H), 3.65 (s, 3H), 2.09 (s,

3H), 1.96-1.26 (m, 8H) ppm; °C NMR (100 MHz, CDCl3): § = 169.9, 166.8, 137.7, 130.7, 129.3, 128.0,

127.5, 126.2, 61.0, 51.9, 30.7, 24.9, 22.6, 22.5, 21.1 ppm; ESI-HRMS: calcd. for C;9H»3NOs+Na
336.1576, found 336.1571.

3j, 94% yield; [a]p™ = -67.69 (c = 2.28 in CHCls); 90% ee, determined by HPLC analysis [Daicel
Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 8.017 min, t (minor) =
7.156 min]; '"H NMR (400 MHz, CDCls): major rotational isomer: & = 7.30-7.01 (m, 4.16H), 6.30 (s,

0.52H), 6.29 (s, 0.52H), 6.27 (s, 0.52H), 5.93 (q, J = 7.2 Hz, 0.52H), 3.62 (s, 1.56H), 2.14 (s, 1.56H), 1.58
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(d, J = 7.2 Hz, 1.56H) ppm; minor rotational isomer: & = 7.30-7.01 (m,

Cl
@ 3.84H), 5.85-5.82 (m, 0.96H), 5.69 (s, 0.48H), 5.66 (s, 0.48H), 3.68 (s,
z 1.44H), 2.12 (s, 1.44H), 1.74 (d, J = 7.2 Hz, 1.44H) ppm; “C NMR (100
Ac z COOMe
\N/\\< MHz, CDCl3): major rotational isomer: § = 171.6, 166.3, 140.2, 139.6, 137.5,

/@2\/ 135.7, 134.1, 133.8, 131.3, 128.9, 128.5, 127.8, 127.2, 126.6, 61.7, 52.0,
Cl

22.4, 14.7 ppm; minor rotational isomer: 6 = 171.1, 166.1, 139.7, 138.8,
136.9, 134.7, 133.9, 133.5, 131.1, 128.6, 127.9, 127.8, 127.1, 125.3, 60.8, 51.9, 22.3, 14.5 ppm; ESI-
HRMS: calcd. for C»,H,;C1L,NO3s+Na 440.0796, found 440.0789.

3k, 78% yield; [a]p®’ = -51.29 (c = 1.70 in CHCls); 82% ee, determined by
HPLC analysis [Daicel Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0
AC\N;:A«COOMG mL/min, A = 254 nm, t (major) = 6.253 min, t (minor) = 14.444 min]; 'H

S NMR (400 MHz, CDCls): major rotational isomer: & = 7.28-6.95 (m, 4.0H),
CI/©)\/ 6.30 (s, 0.5H), 6.29 (s, 0.5H), 6.27 (s, 0.5H), 5.93-5.90 (m, 0.5H), 3.67 (s,
1.5H), 2.14 (s, 1.5H), 1.73 (d, J = 6.8 Hz, 1.5H) ppm; minor rotational

isomer: & = 7.28-6.95 (m, 4.0H), 5.83-5.80 (m, 1.0H), 5.73 (s, 0.5H), 5.63 (s, 0.5H), 3.61 (s, 1.5H), 2.11
(s, 1.5H), 1.56 (d, J = 6.8 Hz, 1.5H) ppm; C NMR (100 MHz, CDCls): major rotational isomer: 6 =
171.6, 166.3, 140.1, 139.3, 138.2, 136.9, 133.5, 130.0, 129.1, 128.9, 128.6, 128.2, 127.8, 127.4, 126.9,
125.9, 61.6, 52.1, 22.4, 14.7 ppm; minor rotational isomer: 6 = 171.1, 166.1, 139.7, 138.5, 137.6, 134.1,

134.0, 133.5, 129.8, 129.1, 128.6, 128.2, 127.9, 127.8, 127.2, 125.9, 60.8, 52.0, 22.3, 14.6 ppm; ESI-
HRMS: calcd. for C»,H,;C1L,NO3s+Na 440.0796, found 440.0791.

31, 99% yield; [a]p™® = +146.1 (¢ = 3.30 in CHCl3); 87% ee, determined by

©\Br HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0
AC\NE\\(COOMe mL/min, A = 254 nm, t (major) = 7.483 min, t (minor) = 5.630 min]; 'H
/@2\/ NMR (400 MHz, CDCl;3): major rotational isomer: & = 7.54-7.00 (m,
Cl 5.28H), 6.18 (s, 0.66H), 6.13 (s, 0.66H), 5.81 (q, J = 6.8 Hz, 0.66H), 5.24 (s,

0.66H), 3.67 (s, 1.98H), 2.11 (s, 1.98H), 1.60 (d, J = 6.8 Hz, 1.98H) ppm; minor rotational isomer: ¢ =
7.54-7.00 (m, 2.72H), 6.69 (s, 0.34H), 6.25 (s, 0.34H), 5.84-5.79 (m, 0.34H), 5.61 (s, 0.34H), 3.54 (s,
1.02H), 2.14 (s, 1.02H), 1.74 (d, J = 6.8 Hz, 1.02H) ppm; °C NMR (100 MHz, CDCls): major rotational
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isomer: 6 = 171.2, 166.1, 140.0, 138.8, 137.5, 136.8, 133.7, 132.5, 130.7, 129.7, 128.9, 128.2, 127.7,
126.6, 126.3, 124.9, 60.9, 51.8, 22.1, 14.4 ppm; minor rotational isomer: 6 = 171.3, 165.9, 139.6, 138.6,
137.8, 136.6, 133.5, 132.7, 131.3, 129.1, 128.9, 128.2, 128.1, 126.9, 126.5, 125.5, 61.2, 51.7, 22.3, 15.3
ppm; ESI-HRMS: calcd. for Cy,H»1BrCINO3;+Na 484.0291, found 484.0296.

3m, 70% yield; [a]p®’ = +128.2 (c = 1.48 in CHCLs); 92% ee, determined
©\N02 by HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0

:  COOMe . ‘ _ . o
AC\NA« mL/min, A = 254 nm, t (major) = 8.190 min, t (minor) = 7.248 min]; H
/@2\/ NMR (400 MHz, CDCls): major rotational isomer: & = 7.80-7.06 (m,
Cl 5.52H), 6.45 (s, 0.69H), 6.21 (s, 0.69H), 5.84 (q, J = 7.2 Hz, 0.69H), 5.16 (s,

0.69H), 3.72 (s, 2.07H), 2.13 (s, 2.07H), 1.55 (d, J = 6.8 Hz, 2.07H) ppm; minor rotational isomer: o =
7.80-7.06 (m, 2.48H), 6.77 (s, 0.31H), 6.31 (s, 0.31H), 5.90 (q, J = 7.2 Hz, 0.31H), 5.64 (s, 0.31H), 3.59
(s, 0.93H), 2.15 (s, 0.93H), 1.70 (d, J = 7.2 Hz, 0.93H) ppm; “C NMR (100 MHz, CDCl;): major
rotational isomer: § = 171.4, 165.8, 148.8, 137.8, 137.2, 134.1, 133.7, 132.3, 131.0, 129.1, 128.5, 128.3,
128.2, 127.8, 127.5, 124.4, 56.6, 52.0, 22.0, 14.3 ppm; minor rotational isomer: & = 171.5, 165.8, 148.8,
139.8, 137.4, 136.8, 133.8, 132.4, 131.6, 130.7, 128.9, 128.4, 128.3, 128.0, 127.8, 124.5, 56.3, 51.9, 22.2,
14.6 ppm; ESI-HRMS: calced. for C;H,CIN>Os+Na 451.1037, found 451.1033.

3n, 99% yield; [a]p”’ = -56.57 (¢ = 1.75 in CHCl;); 91% ee, determined by

Cl
©/CI HPLC analysis [Daicel Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,
z A =254 nm, t (major) = 6.452 min, t (minor) = 13.795 min]; "H NMR (400
z COOMe
AC‘NA« MHz, CDCls): major rotational isomer: & = 7.30-6.92 (m, 3.5H), 6.32 (s,

/©)V 0.5H), 6.17 (s, 0.5H), 5.94 (g, J = 7.2 Hz, 0.5H), 5.73 (s, 0.5H), 3.67 (s,
Cl

1.5H), 2.13 (s, 1.5H), 1.74 (d, J = 7.2 Hz, 1.5H) ppm; minor rotational
isomer: 6 = 7.30-6.92 (m, 3.5H), 6.32 (s, 0.5H), 5.86 (q, J = 7.2 Hz, 0.5H), 5.84 (s, 0.5H), 5.64 (s, 0.5H),
3.61 (s, 1.5H), 2.12 (s, 1.5H), 1.60 (d, J = 6.8 Hz, 1.5H) ppm; BC NMR (100 MHz, CDCI3): major
rotational isomer: § = 171.6, 166.1, 140.1, 139.1, 138.8, 137.6, 136.8, 136.4, 134.3, 131.7, 129.6, 129.2,
128.7, 127.8, 127.2, 126.4, 61.2, 52.1, 22.4, 14.7 ppm; minor rotational isomer: & = 171.1, 165.9, 140.0,
139.8, 138.5, 138.2, 137.3, 136.9, 136.7, 134.2, 131.5, 129.6, 128.9, 128.6, 127.5, 127.1, 60.5, 52.0, 22.2,
14.6 ppm; ESI-HRMS: calcd. for CyyH,Cl3NOs+Na 474.0406, found 474.0412.
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30, 88% yield; [a]p*® = -44.71 (c = 1.72 in CH,Cl,); 87% ee, determined by

©/ HPLC analysis [Daicel Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0
Ac\N;:A«COOMe mL/min, A = 254 nm, t (major) = 5.916 min, t (minor) = 12.014 min]; 'H
/@)\/ NMR (400 MHz, CDCIl;): major rotational isomer: 6 = 7.26-7.19 (m,
cl 1.12H), 7.08-6.76 (m, 3.36H), 6.30 (s, 0.56H), 6.27 (s, 0.56H), 6.25 (s,

0.56H), 5.87 (q, J = 7.2 Hz, 0.56H), 3.60 (s, 1.68H), 2.18 (s, 1.68H), 2.14 (s, 1.68H), 1.53 (d, J = 7.2 Hz,
1.68H) ppm; minor rotational isomer: & = 7.26-7.19 (m, 0.88H), 7.08-6.76 (m, 2.64H), 5.79 (s, 0.44H),
5.75 (g, J = 6.8 Hz, 0.44H), 5.70 (s, 0.44H), 5.65 (s, 0.44H), 3.67 (s, 1.32H), 2.15 (s, 1.32H), 2.11 (s,
1.32H), 1.73 (d, J = 7.2 Hz, 1.32H) ppm; "C NMR (100 MHz, CDCl;): major rotational isomer: & =
171.5, 166.6, 140.3, 139.7, 138.0, 137.1, 135.7, 133.6, 130.9, 128.8, 128.3, 127.6, 127.3, 126.9, 125.8,
62.1, 51.9, 22.5, 21.3, 14.7 ppm; minor rotational isomer: 6 = 171.1, 166.4, 140.1, 139.2, 137.2, 136.7,
133.8, 131.0, 129.0, 128.4, 127.9, 127.5, 127.2, 126.7, 124.8, 61.4, 51.9, 22.4, 21.2, 14.5 ppm; ESI-
HRMS: calcd. for C3H24CINOs+Na 420.1342, found 420.1349.

O/\O 3p, 99% vyield; [a]p”’ = -66.25 (¢ = 2.85 in CHCls); 90% ee, determined by
HPLC analysis [Daicel Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0
mL/min, A = 254 nm, t (major) = 8.842 min, t (minor) = 19.214 min]; 'H
oy NMR (400 MHz, CDCl3): major rotational isomer: 8 = 7.28-7.22 (m, 1.0H),
/@2\/ 7.11-7.08 (m, 1.0H), 6.62-6.46 (m, 1.5H), 6.26 (s, 0.5H), 6.25 (s, 0.5H),
cl 6.24 (s, 0.5H), 5.93-5.82 (m, 1.5H), 3.68 (s, 1.5H), 2.14 (s, 1.5H), 1.74 (d, J
= 7.2 Hz, 1.5H) ppm; minor rotational isomer: ¢ = 7.28-7.22 (m, 1.0H), 7.11-7.08 (m, 1.0H), 6.62-6.46
(m, 1.5H), 5.93-5.82 (m, 1.5H), 5.79 (s, 0.5H), 5.67 (s, 0.5H), 5.63 (s, 0.5H), 3.62 (s, 1.5H), 2.11 (s,
1.5H), 1.57 (d, J = 7.2 Hz, 1.5H) ppm; "*C NMR (100 MHz, CDCls): major rotational isomer: & = 171.5,
166.5, 147.0, 146.9, 140.2, 139.7, 137.8, 133.8, 130.6, 129.0, 128.4, 127.1, 125.7, 123.9, 110.5, 107.5,
101.1, 61.9, 51.9, 22.5, 14.7 ppm; minor rotational isomer: 6 = 171.1, 166.3, 147.2, 147.0, 140.2, 139.3,
137.1, 133.7, 129.6, 128.4, 127.8, 127.0, 124.4, 123.8, 110.2, 107.3, 101.0, 61.0, 51.9, 22.3, 14.5 ppm;
ESI-HRMS: caled. for Co3H,CINOs+Na 450.1084, found 450.1089.

39, 75% yield; [a]p®® = -60.16 (¢ = 1.27 in CHCLs); 71% ee, determined by HPLC analysis [Daicel
Chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 7.290 min, t (minor) =

9.252 min]; "H NMR (400 MHz, CDCl;): major rotational isome: & = 7.27-7.11 (m, 2.9H), 6.88-6.81 (m,
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/j 1.16H), 6.63 (s, 0.58H), 6.27 (s, 0.58H), 6.01 (s, 0.58H), 5.96 (q, J = 6.8Hz,
S :/ COOM 0.58H), 3.68 (s, 1.74H), 2.11 (s, 1.74H), 1.52 (d, J = 6.8 Hz, 1.74H) ppm;
z e
Ac. . . .
¢ N/\\< minor rotational isomer: 6 = 7.27-7.11 (m, 2.1H), 6.74-6.68 (m, 0.84H), 6.38

=
/@2\/ (s, 0.42H), 6.37 (s, 0.42H), 6.03 (q, J = 7.2 Hz, 0.42H), 5.92 (s, 0.42H), 3.70
Cl

(s, 1.26H), 2.09 (s, 1.26H), 1.72 (d, J = 6.8 Hz, 1.26H) ppm; *C NMR (100
MHz, CDCl;): major rotational isomer: 6 = 171.7, 170.8, 166.4, 150.6, 139.5, 138.8, 136.9, 133.9, 128.9,
128.6, 128.4, 127.6, 127.0, 125.9, 55.9, 52.2, 22.4, 14.5 ppm; minor rotational isomer: 6 = 171.3, 170.5,
166.4, 150.1, 140.3, 139.2, 137.4, 133.9, 128.7, 128.5, 128.3, 127.2, 126.2, 125.9, 54.9, 52.1, 22.2, 14.5
ppm; ESI-HRMS: calcd. for Cy0H20CINO3;S+K 428.0489, found 428.0464.

Ph 3r, 94% yield; [a]p™ = -31.79 (¢ = 1.40 in CH,Cl,); 80% ee, determined by
AC\NE\«COMG HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0
/©)\/ mL/min, A = 254 nm, t (major) = 8.718 min, t (minor) = 6.386 min]; 'H
Cl NMR (400 MHz, CDCls): major rotational isomer: 6 = 7.28-7.04 (m,

4.86H), 5.96 (s, 0.54H), 5.82-5.76 (m, 0.54H), 5.56 (s, 0.54H), 5.40 (s, 0.54H), 2.36 (s, 1.62H), 2.07 (s,
1.62H), 1.56-1.53 (m, 1.62H) ppm; minor rotational isomer: & = 7.28-7.04 (m, 4.14H), 6.31 (s, 0.46H),
6.10 (s, 0.46H), 5.99 (s, 0.46H), 5.82-5.76 (m, 0.46H), 2.15 (s, 1.38H), 2.11 (s, 1.38H), 1.56-1.53 (m,
1.38H) ppm; °*C NMR (100 MHz, CDCls): major rotational isomer: & = 198.8, 171.4, 149.0, 140.3, 137.8,
136.5, 134.0, 130.0, 128.8, 128.4, 127.8, 127.7, 126.8, 123.0, 62.0, 26.5, 22.5, 14.7 ppm; minor rotational
isomer: & = 198.2, 171.1, 147.5, 139.9, 137.5, 136.4, 133.8, 129.9, 128.5, 127.9, 127.8, 127.7, 126.0,
123.0, 60.3, 26.1, 22.4, 14.3 ppm; ESI-HRMS: calcd. for Cy,H,3CINO,+H 368.1417, found 368.1424.

Br 3s, 78% yield; [a]p®® = -28.52 (¢ = 1.35 in CHCls); 86% ee, determined by
@ HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,

> COMe A = 254 nm, t (major) = 9.257 min, t (minor) = 7.174 min]; "H NMR (400
AC\NA\< MHz, CDCl;): major rotational isomer: & = 7.29-7.26 (m, 2.12H), 7.21-7.18

NS
/@A\/ (m, 0.53H), 7.08-7.06 (m, 0.53H), 7.00-6.94 (m, 1.06H), 6.19 (s, 0.53H), 5.99
Cl

(s, 0.53H), 5.85-5.81 (m, 0.53H), 5.59 (s, 0.53H), 2.34 (s, 1.59H), 2.07 (s,
1.59H), 1.60-1.57 (m, 1.59H) ppm; minor rotational isomer: & = 7.29-7.26 (m, 1.88H), 7.21-7.18 (m,
0.47H), 7.08-7.06 (m, 0.47H), 7.00-6.94 (m, 0.94H), 6.13 (s, 0.47H), 6.03 (s, 0.47H), 5.85-5.81 (m,

0.47H), 5.41 (s, 0.47H), 2.16 (s, 1.41H), 2.11 (s, 1.41H), 1.60-1.57 (m, 1.41H) ppm; *C NMR (100 MHz,
S9



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

CDCl;3): major rotational isomer: 6 = 198.5, 171.6, 148.4, 140.2, 137.4, 136.3, 134.2, 131.5, 131.0, 128.7,

127.9, 126.9, 123.5, 112.1, 61.3, 26.4, 22.5, 14.7 ppm; minor rotational isomer: & = 198.5, 171.2, 147.1,

139.9, 136.7, 135.8, 134.1, 131.5, 130.8, 128.6, 127.5, 126.5, 121.7, 112.1, 59.9, 26.0, 22.4, 14.4 ppm;

ESI-HRMS: calcd. for C,,H,BrCINO,+Na 468.0342, found 468.0349.

3t, 90% yield; [a]p”® = +129.7 (c = 2.05 in CHCL3); 87% ee, determined by
HPLC analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,
A = 254 nm, t (major) = 7.990 min, t (minor) = 6.059 min]; '"H NMR (400
MHz, CDCls): major rotational isomer: 8 = 7.70-7.68 (m, 0.64H), 7.45-6.99
(m, 4.48H), 5.87-5.85 (m, 1.28H), 5.76 (q, J = 6.8 Hz, 0.64H), 5.12 (s,

0.64H), 2.38 (s, 1.92H), 2.08 (s, 1.92H), 1.43 (d, J = 7.2 Hz, 1.92H ) ppm; minor rotational isomer: 6 =

7.45-6.99 (m, 2.88H), 6.46 (s, 0.36H), 6.06 (s, 0.36H), 5.87-5.81 (m, 0.36H), 5.67 (s, 0.36H), 2.22 (s,

1.08H), 2.14 (s, 1.08H), 1.79 (d, J = 7.2 Hz, 1.08H ) ppm; 3C NMR (100 MHz, CDCl5): major rotational

isomer: & = 198.5, 171.6,

148.1, 140.2, 138.3, 136.1, 134.1, 132.6, 131.3, 129.0, 128.3, 128.0, 127.3,

126.1, 124.8, 124.1, 61.0, 26.6, 22.3, 14.3 ppm; minor rotational isomer: 6 = 198.5, 171.6, 147.2, 140.2,

137.6, 136.1, 134.1, 132.8, 131.3, 129.2, 128.5, 128.2, 127.8, 126.6, 124.8, 124.1, 61.1, 26.3, 22.6, 15.4

ppm; ESI-HRMS: calcd. for C2,H2,BrCINO;+H 446.0522, found 446.0524.

3u, 72% yield; [a]p®® = -15.9 (c = 1.35 in CHCls); 86% ee, determined by
HPLC analysis [Daicel Chiralcel AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min,
A = 254 nm, t (major) = 6.888 min, t (minor) = 5.823 min]; '"H NMR (400
MHz, CDClI3): major rotational isomer: & = 7.28-7.20 (m, 2.08H), 7.07-6.94
(m, 2.08H), 6.07 (s, 0.52H), 5.94 (s, 0.52H), 5.80-5.78 (m, 0.52H), 5.56 (s,
0.52H), 2.35 (s, 1.56H), 2.27 (s, 1.56H), 2.06 (s, 1.56H), 1.56-1.53 (m, 1.56H)

ppm; minor rotational isomer: & = 7.28-7.20 (m, 1.92H), 7.07-6.94 (m, 1.92H), 6.26 (s, 0.48H), 5.99 (s,

0.48H), 5.80-5.78 (m, 0.48H), 5.37 (s, 0.48H), 2.28 (s, 1.44H), 2.14 (s, 1.44H), 2.11 (s, 1.44H), 1.56-1.53

(m, 1.44H) ppm; >C NMR (100 MHz, CDCls): major rotational isomer: & = 198.8, 171.4, 149.2, 140.4,

137.8, 137.4, 134.5, 133.4, 129.8, 128.5, 128.4, 128.0, 126.7, 122.9, 61.8, 26.5, 22.6, 21.1, 14.7 ppm;

minor rotational isomer: & = 198.2, 171.1, 147.7, 140.0, 137.5, 136.5, 134.0, 130.0, 128.7, 128.4, 128.4,

127.7, 125.7, 122.9, 60.2, 26.1, 22.4, 21.1, 14.3 ppm; ESI-HRMS: calcd. for C,3H,5sCINO,+H 382.1574,

found 382.1579.
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- 3v, 45% yield; [o]p™” = -37.9 (¢ = 0.80 in CHCl3); 39% ee, determined by HPLC

AC\N/WCN analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254
w nm, t (major) = 6.606 min, t (minor) = 7.474 min]; '"H NMR (400 MHz, CDCl;):
Cl major rotational isomer: & = 7.34-7.23 (m, 2.6H), 6.24 (q, J = 7.2Hz, 0.65H),
6.13 (s, 0.65H), 6.09 (s, 0.65H), 5.21 (dd, J = 10.8 Hz, 5.6 Hz, 0.65H), 2.06 (s, 1.95H), 1.78 (d, J = 7.2
Hz, 1.95H), 1.42-1.21 (m, 1.3H), 0.73 (t, J = 7.2 Hz, 1.95H) ppm; minor rotational isomer: & = 7.34-7.23
(m, 1.4H), 6.29 (q, J = 7.2Hz, 0.35H), 5.95 (s, 0.35H), 5.83 (s, 0.35H), 4.93 (dd, J = 10.8 Hz, 5.6 Hz,
0.35H), 2.05 (s, 1.05H), 1.84 (d, J = 6.8 Hz, 1.05H), 1.42-1.21 (m, 0.7H), 0.85 (t, J = 7.2 Hz, 1.05H)
ppm; BC NMR (100 MHz, CDCl3): major rotational isomer: 6 = 170.8, 137.5, 137.1, 136.5, 134.3, 129.8,
128.8, 127.2, 122.1, 117.1, 58.6, 24.7, 21.5, 15.1, 10.9 ppm; minor rotational isomer: 6 = 175.1, 137.4,

136.7, 136.3, 134.2, 128.9, 128.8, 127.0, 122.0, 117.1, 59.1, 23.9, 21.7, 14.8, 10.7 ppm; ESI-HRMS:
calcd. for Ci7H;9CIN,O+K 341.0823, found 341.0826.

3. General procedure for the one-pot N-alkylation—Aza-Cope rearrangement.
Optimisation of the one-pot N-alkylation—aza-Cope rearrangement”

Ac

N OBoc 1) (DHQD),AQN (5 mol% ) i 7"
/@)\/ + on )ﬁrCOOMe Toluene, 50 °C W
al 2) additive, solvnet cl COOMe
le 2a 4c

Entry  additive Solvent T (°C) t (h) Yield (%) ee’ (%)
19 / Toluene/H,0 110 49 ND /
2 / DMF/H,0 110 49 59 77
3 LiClO, MeOH/H,0 80 48 <10
44 TiCl, Toluene 50 24 ND /
54 TMSOTf Toluene 100 24 ND /
6 PTSA DMF/H,0 110 21 64 82

* Unless otherwise noted, reactions were performed with 0.2 mmol of 1e, 0.4 mmol of 2a, 0.01 mmol of catalyst in 1 mL
toluene at 50 °C. After the consumption of 1le, the solvent was removed under reduced pressure, and new solvent was added to

the residue, followed by the additive. " Isolated yield of two steps. ¢ Determined by chiral HPLC analysis. * Not determined.

To a solution of 1e (42.0 mg, 0.2 mmol) and (DHQD),AQN (8.6 mg, 5 mol%) in dry toluene (1.0 mL)
was added 2a (116.8 mg, 0.4 mmol). The reaction mixture was stirred at 50 °C until consumption of 1e,
which was monitored by TLC analysis. Then the solvent was removed under reduced pressure, DMF (400
pL) and H,O (100 pL) were added to the residue, followed by PTSA (10.3 mg, 0.06 mmol). The mixture

was stirred at 110 °C until consumption of 3c. The reaction mixture was cooled to room temperature,
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extracted with ethyl acetate, washed with H,O and brine, dried over anhydrous Na,SO4 and concentrated
under vacuum after filtration. Purification by flash column chromatography on silica gel (EtOAc/PE =

1/100) afforded the product 4c as a yellowish oil (44.0 mg, 64%).

0 Ph  4a, 84% yield; E/Z > 95/5 (determined by crude 'H NMR); '"H NMR (400 MHz,

7 CDCLy): & = 7.99-7.96 (m, 2H), 7.77 (s, 1H), 7.58-7.31 (m, 8H), 3.84 (s, 1H),

COOMe 13
3.25-3.21 (m, 2H), 3.00-2.96 (m, 2H) ppm; °C NMR (50 MHz, CDCl3): & =
199.1, 168.5, 140.3, 136.7, 135.3, 133.0, 131.7, 129.2, 128.7, 128.6, 128.1, 52.1, 38.0, 22.7 ppm; ESI-

HRMS: calcd. for C19H 3Os+Na 317.1154, found 317.1154.

4b, 62% yield; E/Z > 95/5 (determined by crude 'H NMR); [a]p”’ =

O +63.93 (¢ = 1.50 in CHCIs); 80% ee, determined by HPLC analysis

_ [Daicel Chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254

O COOMe nm, t (major) = 7.500 min, t (minor) = 7.069 min]; 'H NMR (400 MHz,

CDCl): 6 = 7.98-7.96 (m, 2H), 7.77 (s, 1H), 7.56-7.13 (m, 7H), 3.87-

3.81 (m, 4H), 2.95 (dd, J = 9.6 Hz, 4.8 Hz, 1H), 2.81 (dd, J = 13.6 Hz, 9.2 Hz, 1H), 2.35 (s, 3H), 1.08 (d,

J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCl3): § = 203.7, 168.6, 141.7, 138.1, 136.2, 135.4, 132.9,

130.5, 129.7, 129.2, 128.5, 128.4, 128.4, 126.0, 52.0, 39.6, 30.8, 21.4, 16.2 ppm; ESI-HRMS: calcd. for
C21H2,05+Na 345.1467, found 345.1469.

o o 4c, 64% yield; E/Z = 89/11 (determined by crude 'H NMR); [a]p” =
/@)W +61.63 (¢ =3.00 in CHCls); 82% ee, determined by HPLC analysis [Daicel

cl COOMe Chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t
(major) = 11.424 min, t (minor) = 10.065 min]; 'H NMR (400 MHz, CDCls): & = 7.95-7.90 (m, 2H), 7.80
(s, 1H), 7.45-7.31 (m, 7H), 3.82-3.76 (m, 4H), 2.92 (dd, J = 13.6 Hz, 5.2 Hz, 1H), 2.78 (dd, J = 14.0 Hz,
5.2 Hz, 1H), 1.06 (d, J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCl5): & = 202.4, 168.5, 141.7, 139.3,

136.7, 135.3, 134.5, 130.4, 129.9, 129.0, 128.6, 128.0, 52.1, 39.6, 30.8, 16.0 ppm; ESI-HRMS: calcd. for
C20H9Cl103+Na 365.0920, found 365.0924.

4d, 58% yield; E/Z > 95/5 (determined by crude "H NMR); [a]p™ = +23.5 (¢ = 2.75 in CH,Cl,); 80% ee,
determined by HPLC analysis [Daicel Chiralcel AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t
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(major) = 20.158 min, t (minor) = 16.242 min]; 'H NMR (400 MHz,
0] Ph

P CDCls): & = 7.98-7.96 (m, 2H), 7.79 (s, 1H), 7.41-7.26 (m, 5H), 6.94-6.91

g cooMe (m, 2H), 3.88-3.77 (m, 7H), 2.92 (dd, J = 13.6 Hz, 5.2 Hz, 1H), 2.80 (dd, J
O

= 13.6 Hz, 5.2 Hz, 1H), 1.06 (d, J = 6.8 Hz, 3H) ppm; >C NMR (100 MHz,

CDCl): 6 =202.2, 168.7, 163.4, 141.5, 135.5, 130.8, 130.8, 129.2, 129.1, 128.6, 128.5, 113.7, 55.4, 52.1,
39.2,31.0, 16.2 ppm; ESI-HRMS: caled. for C1H»,04+Na 361.1416, found 361.1417.

4e, 55% vyield; E/Z > 95/5 (determined by crude 'H NMR); [a]p®® =

C
+63.36 (¢ = 0.72 in CHCIl3); 59% ee, determined by HPLC analysis
O
_ [Daicel Chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm,
cl O COOMe t (major) = 9.193 min, t (minor) = 7.859 min]; 'H NMR (400 MHz,

CDCly): § = 7.92-7.90 (m, 2H), 7.71 (s, 1H), 7.44-7.42 (m, 2H), 7.33-7.22
(m, 4H), 3.83-3.76 (m, 4H), 2.91 (dd, J = 13.6 Hz, 5.2 Hz, 1H), 2.70 (dd, J = 14.0 Hz, 5.2 Hz, 1H), 1.06
(d, J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCL3): & = 202.1, 168.1, 140.0, 139.4, 137.1, 134.5,
134.4, 131.8, 129.9, 128.9, 128.9, 128.5, 126.9, 52.2, 39.5, 30.9, 16.2 ppm; ESI-HRMS: calcd. for
C0H15CLOs+Na 399.0531, found 399.0529.

~ 4f, 72% yield; E/Z > 95/5 (determined by crude 'H NMR); [a]p™ = +79.81

O (c = 2.70 in CHCIls); 88% ee, determined by HPLC analysis [Daicel

o Chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t (major)

O Z = 15.641 min, t (minor) = 14.417 min]; '"H NMR (400 MHz, CDCLs): § =
COOM

Cl ® 7.94-7.92 (m, 2H), 7.73 (s, 1H), 7.43-7.36 (m, 4H), 6.92-6.90 (m, 2H), 3.89-

3.81 (m, 7H), 2.94 (dd, J = 13.6 Hz, 5.2 Hz, 1H), 2.84 (dd, J = 13.6 Hz, 5.2 Hz, 1H), 1.09 (d, J = 6.8 Hz,
3H) ppm; '°C NMR (100 MHz, CDCLy): § = 202.6, 168.7, 159.9, 141.4, 139.3, 134.6, 130.9, 129.9, 128.8,
128.2, 127.6, 114.0, 55.3, 52.0, 39.6, 30.9, 16.1 ppm; ESI-HRMS: calcd. for C1Hy ClO4+Na 395.1026,
found 395.1029.
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0— 49, 66% yield; E/Z > 95/5 (determined by crude 'H NMR); [a]p®® = +89.12
O ° (c = 2.50 in CHCI3); 85% ee, determined by HPLC analysis [Daicel

Chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t (major)
O = = 21.284 min, t (minor) = 16.159 min]; "H NMR (400 MHz, CDCl;): § =
Cl coone 7.95-7.92 (m, 2H), 7.69 (s, 1H), 7.44-7.41 (m, 2H), 6.90-6.81 (m, 3H),
6.00 (s, 2H), 3.84-3.80 (m, 4H), 2.92 (dd, J = 14.0 Hz, 5.2 Hz, 1H), 2.79 (dd, J = 13.6 Hz, 5.2 Hz, 1H),
1.09 (d, J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCls): § = 202.5, 168.6, 147.9, 147.8, 141.4, 139.3,
134.5, 129.9, 129.1, 128.9, 128.9, 124.0, 109.1, 108.5, 101.4, 52.0, 39.6, 30.9, 16.1 ppm; ESI-HRMS:

calcd. for C,1H;9ClOs+Na 409.0819, found 409.0822.

Speculation of the absolute configuration of aza-Cope rearrangement products.

COOMe r Ph-Cl-p
R N
Ac\N Ph DMF/H,0 Ac—, 7
I T PR/ ="
NS
p-CI-Ph 110°C
MeOOC
3c - B
/ chair transitional state
Ph
o) Ph
hydrolysis R _
> p-Cl-Ph
PTSA COOMe
4c

Currently we are not successful to obtain the crystals suitable for the assignment of the absolute
configuration of the chiral ketone products 4 by X-ray analysis. Nevertheless, based on the concerted
mechanism of aza-Cope rearrangement, we proposed the possible configuration. The N-alkylation product
3¢ prefers to undergo the [3,3]-sigmatropic rearrangement process through the chair transition state, in
which the aryl group orients pseudoequatorially, as shown in the above scheme. Thus the newly generated

chiral centre would be assigned to R.

4. Transformation of N-allylic alkylation product
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To a solution of 3a (33.5 mg, 0.1 mmol) in dry DCM (0.5 mL) was added trifluoromethanesulfonic
acid (17.6 puL, 0.2 mmol). The mixture was stirred at ambient temperature for 2 days. Then the solution
was extracted with DCM, washed with aqueous NaHCO;, concentrated and purified by column

chromatography on silica gel (EtOAc/PE = 1/2). 5 was obtained as a colourless oil (12.4 mg, 53%).

:h 5, 53% yield; [a]p®’ = -14.35 (c = 1.15 in CH,Cl,); 85% ee, determined by HPLC

[[lme}

AC .
N

HWCOOMe analysis [Daicel Chiralpak AD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,
t (major) = 5.932 min, t (minor) = 5.289 min]; '"H NMR (400 MHz, CDCls): & = 7.33-7.23 (m, 5H), 6.67-
6.65 (m, 1H), 6.37 (s, 1H), 6.01 (d, J = 4.8 Hz, 1H), 5.93 (s, 1H), 3.70 (s, 3H), 2.05 (s, 3H) ppm; "°C
NMR (100 MHz, CDCls): 6 = 169.1, 166.2, 139.5, 139.0, 128.5, 127.5, 127.4, 126.4, 54.7, 51.9, 23.3
ppm; ESI-HRMS: calcd. for C;3H;sNO3;+Na 256.0950, found 256.0955.

5. Crystal data of enantiopure 3t

COMe
Br

HaCOCS

Cl 3t

Identification code 3t

Empirical formula C22 H21 Br CIN O2
Formula weight 446.76

Temperature 103(2) K

Wavelength 0.71073 A
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Crystal system, space group Monoclinic, P2(1)

Unit cell dimensions a=7.0532(14) A alpha =90 deg.

b=15.697(3) A beta=99.348(3) deg.
¢=28.9730(19) A gamma = 90 deg.

Volume 980.3(3) A3

Z, Calculated density 2, 1.514 Mg/m"3
Absorption coefficient 2.250 mm”"-1
F(000) 456

Crystal size 0.43 x 0.40 x 0.30 mm

Theta range for data collection 3.20 to 27.49 deg.

Limiting indices -9<=h<=9, -20<=k<=20, -9<=I<=11

Reflections collected / unique 9373 /4423 [R(int) = 0.0321]

Completeness to theta=27.49  99.7 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.5517 and 0.4425

Refinement method Full-matrix least-squares on F"2

Data / restraints / parameters 4423 /1 /247

Goodness-of-fit on F/2 0.795

Final R indices [I>2sigma(I)] R1=0.0284, wR2 =0.0336

R indices (all data) R1=0.0353, wR2 =0.0344

Absolute structure parameter  0.029(5)

Largest diff. peak and hole ~ 0.912 and -0.374 ¢.A"-3
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6. NMR spectra and HPLC chromatograms:
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u
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1| 7.865 [23838826 | 49.60 1642577 [ 58.04
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0.807
: i
0.70] 1
0.604
J F_)h
050 Ac\NWCOOMe
0.40 ph&
: 3a
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: 5
0.104 ~
0.0 ] ﬂ[\& P -
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VWD A, i 12=254 nm (7% *\TEST000108.D)

mAU Ph COOMe
500
400 N & K
300+ Ac - » =
200 &4@% S
102? rac-3h u/q\\ﬁu/f\\ﬁ
0 2|5 B é B I?‘5 'IIO I12|‘5 - 1|5I o ‘17|5 2IO 22l,5 Im%ﬂ
5% 1: vwpl &, =254 nm
I fREF IR A IR EFHA U 75 ETIEA
#  [min] (min] mAU *s  [mAU ] %
m===|=m———— | ====]===———- |=====———=- | =====————- | =======- |
1 13.531 MM 0.6010 4635.65332 128.55125 48.2501
2 15,331 MM 0.6472 4971,.89307 128.04141 51.7499
VWD1 A, i K:=254 nm ({75 #\TEST000109.D)
"0 Ph,  COOMe
150—5 N
100 AC
50—; 3h
0 .
T T T T T T T T T T
0 2 4 5 8 10 12 14 16 18 m
{55 1: vWDl A, H1&=254 mm
g RETI) BT W TE EJHIPA g g [T AR
= [min] [min] mAU *3 [mAU ] %
—===| === | ====|======= | === | =======—=- | =======- |
1 13.537 WV 0.5668 900.13379 24 .25486 9.1715
2 15.194 VB 0.6117 8914.34375 224.51759 90.8285

S32



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

bs9”
v69”
T0L"
1T

000° 0~

952" 1

922" T\

2eE 1

[T e S ——
208°1
16T\
186 T\

286 T\
vg0°2

75072
veoz—/
11T

NJHV/’

g o)

‘N O
o

<
e

A\
°>N

3i

i | K

T
ppm

10

0.83

0.86

2.60

290"
289"
b9s*
210

£8e”

§86°

epe
290°
188"

612"
85p°
156
g1
seL°

2l

[1-73
vee"

92T
231 |//|1

' S

0€T

“LET

99T
691

COOMe

<
o me

A\
°~N

S

3i

"

N

T

LA S I e B e B T

T

140

T

LI Bt P B B B B S e

ppm

20

40

60

80

100

120

160

180

S33



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

10 35
P
.30 Ph =
AC\N COOMe
025 ﬂ
020
245] rac-3i
0.1 0
10115
0.00 —
"t hbd " T end T " and T Celd T T shd T Tend T T vnd T T and T end T T dobd T nmld
Winudas
AT | Ama |, Haight| %
(min | (V*sag) | A3 (v} |Height
1|8555 | 4802505 | 50.39 |34 1544 | 55.22
2|9083 | 4727820 | 49.81 |Zreaz2 | 44.78
.50
E’h
0.404 AC\N/:\WCOOMe
0.3
3i
020
~
=}
Y=
0104
0.0 J

“"had " "20d " 30d " and " sad " " add T vad T Bod T and

Vinutes

RT | Area |, Haight| %
(min | (vsag | A®3| (v) |Height
1|8817 | 1855113 | 1548122817 | 1857
2|9.197 | 9034446 | 84.52 |m7883 | 81.43
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2 504 o
=]
E
Cl
2.004
COOMe
1.504 Ac.
N
NS
1.004
Cl
rac-3j
0.504
0.00 —‘ﬁ"
“iod T " 2bd T " Cald T " Tend T Cslad T 7 Telnd T "rld T T Tand T " Telnd T T Goed
Wirurdes
RT | Ama | Height | %
(ming | (vsag | A2 (v |Height
117.112 |51050880 48 37 |2414877 | B2TT
2| 7885 |mM500552 51.83 |2180827 | 47.23
o80]
070 cl
0.604 §
0.504 Ac.. 3 COOMe
; N/\(
0.40 X
0301 Cl ©
] 2
0.20] 3 ~
: X
0.10] 3
] o
{I{I : [2] k2] FiY
"ol U 2od T Tand T 'snd T 'shed ' 'end T rod T sod ' Tend T T d00d T d10d
Minutes
Peak | RT Area % Area Height | %
Name| (min) | (V *sec) | © (V) | Height

1| Peak1|7.166 | 1023754 4.87| 53230| 615
2 |Peak2|8.017 | 19582068 | 85.03 [811648 | 93.85
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020
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0.1
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0.5
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0104 o
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0024 k- _ﬂﬂfﬁf{,s'ﬁumhxtzr
ifaly, _,-.._r\- nJ ey — :

2o0d " T fad T T ded 7 T dnd 7 Tidod 7 T idod 7 Tdod 7 Tidnd U T aded

Wi
AT | ama |, Haight | %
(min | vsae) |7 A2 (V) |Height

==

G288 | 4070711 51.11 | 20240 | BB.58
14817 | 3883221 4888 | 26815 11.42

5]

025

0201 (i:j/

Ac. COOMe
N
0.15
NS
o104 Cl
3k
0105
-
-
-
) K =
000 = T - — T 2
" Uoapd " " dpd " " 8ed T " and T " wond 7 T i2ed 7 T vénd 7 " send 77 aned
Winurtes
RT Araa . Haight %
(ming | vsac) | A2 vy |Heignt
1) 8253 | 4381321 BO.TT | ZF4673 | 9863
214444 | HEB2B3G 2423 Bia 137
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2 50
2 100
Br
© a0 Ac. COOMe
N
N
1 00
Cl
rac-3l
0 .50
Q.00 AN ._] — J "
“iad " Tald T abd T " Cabd " shd T Telnd T T Tebd T Tald T Tabd T T Rohd T
Minuies
Paak | RT | ama | Haight | %
Nama| (mig | (v see) | 43| vy |Height
1| Paak1|5531 |Fo75384 | 4895 | 2450022 | 5057
2| Paakz2|7481 | 2804085 | 51.05 2404875 | 49.43
180 ﬁ
1 40
1204 ©\Br
z COOMe
1.0 Ac. /\§
N
080- X
080 Cl
3l
0404
=
Lo}
020 ix}
f J
0.0 e T ‘IP\ (-] (-] ]
Y1od "7 T2d T 7 "dd T Caled T " Tshd T " Teld T 7 Tvd T 7 Tebd T " Tend T 7 old T
Minuries
RT | ama |, Haight | %
(min | (vesag | 2™ (v) |Height
1|5830 | 1548188 | &27| 12aa7a| ToO7
2|7483|z=3154237 | 93.73|1834044 | 92.93

S40




Supplementary Material (ESI) for Chemical Communications

This journal is (c) The Royal Society of Chemistry 2011

0T0"
£90°

sy8°
698°
reg”

bbs*
T9§"
¥69°
A9
avL”
s9L°
L80°
050"
1€1"
(1A
€1

988"
209"
ceL”
[2:1:0
966"
S00°

£9T1°

008"

Cl

3m

ppm

10

i
1.37

"

et

oy
0.60 0.590.61
1.00.36 1.57

¥
0.36

4.15.43
2.0%.11.63

L Ly

3.17

682"
288°

v66°
66T"

£08°

£98°
500"
€62°
€L8°

9vs”
298°
181"

90v*

v2s’
vES
bse
e
6T0

99¢
evs
5¢8
960
9gL
€28
09
0E€
1444
202

218"
580"
S64°
bST°
e
e

“BET
141
*691
"TLT

vo8
8§¢
828
98¢
9€s

123

an/

9L
:|\

ver
(243

‘NN._”H/’
HNN._“
o\

ove”
12
0ge”

"831" W
121
‘821
“623T
“0ET
"0ET
‘18T
‘28T
‘2T
“EET

82T
821
821

EeT
et
8eT
[234
LET
LET

T

B e e B
20 ppm

T
40

60

80

e S A S e B L L L SR BN
160 140 120 100

180

200

LI B S B B B L D

S41



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

0.45]
0404
035 NO,
A COOMe
0.30] C~N
026 X
02
rac-3m
015
0.10d
0.054
0.0 —— —LJ‘L—“— —— -
"20d " "&od " Teod "V dnd T Twaod T Ti2od T Tidnd T Tidod " Tiand T "20nd
Wirures
RT | ama | Haight | %
(min) | (v *sag | 42 (V) |Height
117048 | 6081811 K123 |467639 | B1.33
218044 | 5020445 | 4877 443389 | 48.467
P
040 ﬁ
03 ©\
7" "NO,
.30 B COOMe
Ac.
N/\\<
0253
N
2 gaod
Cl
0.154 3m
010
o
0.053 3 J
]
000 — AN
"wad T T 2ad T T ahd T T and T shad T T and T T vad T wad T ebd T Tdond T Thind T T
Simudims
RT | Area | Height| %
(min) | (v*sae) | A2 (v} |Height
1)|7248 | 0824 387 | 18587 422
2|B190| 5735814 | 95.03 |443935 | 95.78
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