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General Information. All reaction flasks were dried by flame. And all reactions were
carried out under N, unless otherwise noted. All solvents were purified according to
standard methods unless otherwise noted. All of the nitroalkenes were synthesized
according to the literature'.

'H NMR and "°C NMR spectra were recorded on a VARIAN Mercury 300 MHz
spectrometer in chloroform-d; unless otherwise noted. '"H NMR chemical shifts are
reported in ppm with the internal TMS signal at 0.0 ppm as a standard unless
otherwise noted. The data is being reported as (s = singlet, d = doublet, t = triplet, m =
multiplet or unresolved, brs = broad singlet, coupling constant(s) in Hz, integration).
C NMR chemical shifts are reported in ppm with the internal chloroform signal at

77.0 ppm as a standard unless otherwise noted.
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General procedure for the preparation of tertiary ammonium salt 1: A mixture
of cinchonidine (cinchonine) derivative® (6 mmol) and ethyl bromoacetate (6 mmol)
in acetone (2 mL) was stirred at room temperature over night. After the reaction was
complete, the mixture was filtrate. The resulting solid was washed by ether and

collected.

N

+

L \COuEt
Br_

MeQO

bz
N

1a (solid): 24h, 95% yield; mp. 204-207 °C. IR (film) v/em™ 2924 (m), 2926 (m),
1733 (s), 1219 (s). '"H NMR (300MHz, CDCI3/TMS): § 9.00 (d, J = 4.5 Hz, 1H), 8.22
(d, J=28.7 Hz, 1H), 7.80 - 7.87 (m, 2H), 7.67 - 7.73 (m, 1H), 7.50 (d, J = 4.2 Hz, 1H),
6.06 (d, J = 18.3 Hz, 1H), 5.49 — 5.57 (m, 1H), 5.20 — 5.27 (m, 2H), 4.85 — 5.03 (m,
3H), 4.29 — 4.54 (m, 6H), 3.45 (s, 3H), 2.88 (brs, 1H), 2.07 — 2.28 (m, 3H), 1.96 (t, J
=12.0 Hz, 1H), 1.45 (t, J = 7.2 Hz, 3H), 1.20 (brs, 1H). >C NMR (75 MHz, CDCl;) &
166.1, 149.7, 148.4, 139.1, 136.4, 130.6, 129.7, 127.6, 124.9, 121.6, 118.9(8), 116.7,
76.3, 63.2, 63.1, 60.1, 57.7, 57.3, 56.4, 36.9, 25.9, 25.0, 21.8, 13.9. MS (ESI, m/z)
395.2 (M — Br). Anal. calcd for C,4H31N,O05: C, 60.63; H, 6.57; N, 5.89. Found: C,
60.64; H, 6.69; N, 5.78.

1b (solid): 24h, 85% yield; IR (film) v/em™ 3651 (m), 3589 (m), 3568 (m), 3424
(s), 2952 (s), 1736 (s), 1639 (m), 1509 (m), 1239 (m), 924 (w). 'H NMR (300MHz,
CDCl3/ TMS): 8 9.02 (d, J = 4.8 Hz, 1H), 8.20 (d, J = 8.1 Hz, 1H), 8.05 (d, J = 7.8
Hz, 1H), 7.73-7.85 (m, 2H), 7.60 (d, J = 4.5 Hz, 1H), 5.84-5.93 (m, 1H), 5.63 — 5.68
(m, 1H), 5.44 (d, J= 2.7 Hz, 1H), 5.26-5.34 (m, 2H), 4.40 — 4.72 (m, 7H), 4.25 (t, J =
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10.2 Hz, 1H), 3.52 (s, 3H), 3.01 (brs, 1H), 2.08-2.25 (m, 3H), 1.88 (m, 1H), 1.45 (t, J
= 7.2 Hz, 3H), 0.96-1.03 (m, 1H). *C NMR (75 MHz, CDCls) § 165.6, 149.3, 147.9,
138.5, 134.3, 130.0, 129.4, 127.5, 124.6, 121.7, 118.7, 117.5, 77.4, 63.8, 62.9, 59.6,
57.2,57.1, 56.4, 36.6, 26.2, 22.9, 20.9, 13.5. MS (ESI, m/z) 395.2 (M — Br’). HRMS
(ESI) calcd for C,4H3N,0;3" (M - Br) 395.2338, Found: 395.23292.

General procedure for the ammonium ylide annulation reaction (substrates
2a-2k): A mixture of salt 1 (0.22 mmol), Cs,COs3 (0.22 mmol) and nitroalkene 2 (0.2
mmol) was cooled to 0°C under N,. To the mixture was then added H,O (10 pL ) and
THF (2.5 mL ). The reaction mixture was stirred at 0°C for the desired time. After the
reaction was complete (monitored by TLC), the mixture was passed rapidly through a
glass funnel with a thin layer (20 mm) of silica gel (300-400 mesh), washed with
AcOEt (100 mL). The filtrate was concentrated under reduced pressure and the

residue was purified by flash chromatography (EtOAc/petroleum ether/Et;N, v/v/v,

/ O\ e )

PH CO,Bn

100/500/1.8).

3a (solid): 46h, 65% yield, dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.8 mL/min, 238 nm; t, (major) = 12.75 min, t, (minor) = 20.94 min )
gave the isomeric composition of the product: 99% ee. [ ]p™ = -171.8 (¢ = 1.11,
CHCI3). mp. 82-85°C . IR (film) v/em™ 3064 (m), 3033 (m), 2983 (m), 1743 (s), 1708
(s), 1635 (s), 1207 (m), 1148 (m), 750 (s), 699 (s). "H NMR (300 MHz, CDCIl3/TMS)
0 7.36-7.38 (m, 3H), 7.25-7.30 (m, 5H), 7.04-7.08 (m, 2H), 5.20 (ABd, J = 12.3 Hz,
1H), 5.06 (ABd, J = 12.3 Hz, 1H), 4.92 (d, J= 3.0 Hz, 1H), 4.85 (d, J = 3.0 Hz, 1H),
431 (q,J=7.2Hz, 2H), 1.32 (t,J= 7.2 Hz, 3H). >C NMR (75 MHz, CDCl;) & 168.0,
157.8, 137.8, 134.5, 129.3, 128.7, 128.4, 128.3, 127.9, 127.0, 108.8, 78.7, 67.2, 62.6,
52.5, 14.0. MS (ESI, m/z) 424.1 (M + MeOH + Na"), 392.0 (M + Na"), 387.1 (M +
NH;"), 370.1 (M + H"). Anal. calcd for C,0H;oNOg: C, 65.03; H, 5.18; N, 3.79.
Found: C, 65.21; H, 5.19; N, 3.51.
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3b (solid): 34h, 74% yield; dr > 99/1. HPLC analysis ( Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.6 mL/min, 238 nm; t, (major) = 18.28 min, t, (minor) = 35.25 min )
gave the isomeric composition of the product: 98% ee. [ Jp™ = -162.3 (¢ = 1.20,
CHCIs). mp. 88-90°C.. IR (film) v/em™ 2978 (w), 2936 (w), 1740 (s), 1633 (s), 1442
(m), 1231 (s), 1011 (m), 756 (m). '"H NMR (300 MHz, CDCl3/TMS) & 7.54 (ABd, J =
8.7Hz,2H ), 7.23 (ABd, J= 8.7 Hz, 2H), 4.89 (d, /= 2.7 Hz, 1H), 4.83 (d, /= 2.4 Hz,
1H), 4.33 (q, J = 6.9 Hz, 2H), 3.76 (s, 3H), 1.35 (t, J = 6.9 Hz, 3H). °C NMR (75
MHz, CDCls) 06 167.7, 158.4, 136.7, 132.5, 128.6, 122.8, 108.5, 78.3, 62.8, 52.8, 51.9,
14.0. MS (ESI, m/z) 428.1 (M + 2 + MeOH + Na"), 426.1 (M + MeOH + Na"), 396.0
(M +2+Na"), 394.0 (M +Na"), 391.0 (M + 2 + NH4"), 389.0 (M + NH,"), 374.0 M
+2+ H+), 3720 M + H+). Anal. caled for C4H14BrNOg: C, 45.18; H, 3.79; N, 3.76.
Found: C, 45.28; H, 3.82; N, 3.61.

EtO,C,,, O\R-I/O
CO,Bn
MeO

3¢ (solid): 44h, 65% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.8 mL/min, 238 nm; t, (major) = 17.28 min, t.(minor) = 26.61 min)
gave the isomeric composition of the product: 99% ee. mp. 87-90°C. [« Jp*’= -163.0
(c = 1.02, CHCI3). mp. 87-90°C . IR (film) v/em™ 2979 (m), 2904 (m), 2837 (m),
1738 (s), 1634 (s), 1538 (s), 1252 (m), 1030 (m), 838 (m), 754 (m), 698 (m). 'H NMR
(300 MHz, CDCI5/TMS) 6 7.26-7.30 (m, 3H), 7.21 (ABd, J = 9 Hz, 2H), 7.11-7.12
(m, 2H), 6.88 (ABd, J = 9.0 Hz, 2H), 5.22 (ABd, J =12 Hz, 1H), 5.09 (ABd, J =12
Hz, 1H), 4.89 (d, J= 3.0 Hz, 1H), 4.80 (d, /= 3.0 Hz, 1H), 4.31 (q, J = 6.9 Hz, 2H),
3.82 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). °C NMR (75 MHz, CDCl;) & 168.1, 159.9,
158.0, 134.6, 129.9, 128.5, 128.4, 128.3, 128.0, 114.7, 109.0, 79.0, 67.3, 62.6, 55.4,
52.0, 14.1. MS (ESI, m/z) 4542 (M + MeOH + Na"), 422 (M + Na"), 417.3(M +



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2007

NH,), 400.2 (M + H"). Anal. caled for CoHoNO7: C, 63.15; H, 5.30; N, 3.51.

Found: C, 63.10; H, 5.12; N, 3.33.
Bu'0,C,,. O\ﬁ,o‘
CO,Bn
MeO

3d (solid): 38h, 56% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.4 mL/min, 238 nm; t, (major) = 19.19 min, t.(minor) = 24.94 min)
gave the isomeric composition of the product: 98% ee. 'H NMR (300 MHz,
CDCI3/TMS) 6 7.26-7.28 (m, 3H), 7.19 (ABd, J = 9 Hz, 2H), 7.07-7.10 (m, 2H), 6.88
(ABd, J = 9.0 Hz, 2H), 5.23 (ABd, J = 12.3 Hz, 1H), 5.09 (ABd, J = 12.3 Hz, 1H),
4.78 (ABd, J = 3.3 Hz, 1H), 4.75 (ABd, J = 3.3 Hz, 1H), 3.81 (s, 3H) 1.51 (s, 9H). °C
NMR (75 MHz, CDCl;) 8 166.9, 159.7, 158.0, 134.6, 130.0, 128.3, 128.2, 127.8,
114.5, 109.0, 84.0, 79.3, 67.1, 55.3, 51.9, 27.8.

EtO,C,, O.+.0
2 . N
/
COan

Me

3e (solid): 37h, 77% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
'PrOH/hexanes, 0.8 mL/min, 238 nm; t; (major) = 11.38 min, t; (minor) = 17.38 min)
gave the isomeric composition of the product: 97% ee. [ ]p”" = -137.7 (¢ = 1.03,
CHCl3). mp. 82-83°C. IR (film) v/em™ 3032 (m), 2982 (s), 1738 (vs), 1709 (s), 1628
(vs), 1515 (m), 1456 (m), 1391 (m), 1361 (m), 1220 (s), 1024 (m), 818 (m), 751 (s),
698 (s). 'H NMR (300 MHz, CDCIy/TMS) & 7.25-7.27 (m, 3H), 7.17 (s, 4H),
7.06-7.09 (m, 2H), 5.20 (ABd, J=12.0 Hz, 1H), 5.06 (ABd, J=12.0 Hz, 1H), 4.89 (d,
J=3.0 Hz, 1H), 4.81 (d, J= 3.0 Hz, 1H), 4.31 (q, J = 6.9 Hz, 2H), 2.36 (s, 3H), 1.32
(t, J = 6.9 Hz, 3H). °C NMR (75 MHz, CDCl;) § 168.0, 157.9, 138.6 , 134.8, 134.5,
129.9, 128.3, 128.2, 127.9, 126.9, 108.9, 78.7, 67.2, 62.6, 52.2, 21.1, 14.0. MS (EI,
m/z, rel. intensity) 383 (M", 0.24), 91 (100.00). Anal. caled for C,;H»NOg: C, 65.79;
H, 5.52; N, 3.65. Found: C, 65.82; H, 5.70; N, 3.48.



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2007

EtO,C,,. O\R-I/O
CO,Me

F
3f (solid): 34h, 79% yield, dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.6 mL/min, 238 nm; t, (major) = 14.96 min, t.(minor) = 20.54 min)
gave the isomeric composition of the product: 99% ee. [ Jp™ = -167.9 (c = 0.94,
CHCI3). mp. 85-87°C . IR (film) v/em™ 2986 (m), 2938 (m), 1742 (s), 1631 (s),
1511(s), 1443 (m), 1373 (m), 1229 (m), 977 (w), 841 (m), 756 (s). 'H NMR (300
MHz, CDCI3/TMS) 6 7.31-7.35 (m, 2H), 7.10 (t, J = 8.4 Hz, 2H), 4.91 (d, J = 2.7 Hz,
1H), 4.85 (d, J = 2.7 Hz, 1H), 4.33 (q, J = 7.2 Hz, 2H), 3.76 (s, 3H), 1.35 (t, J=7.2
Hz, 3H). °C NMR (75 MHz, CDCl3) § 167.9, 164.3 161.0, 158.5, 133.6, 133.5(5),
128.8, 128.7, 116.5, 116.2, 108.8, 78.6(5), 78.6(3), 62.7, 52.7, 51.8, 14.0. MS (ESI,
m/z) 366.2 (M + MeOH + Na"), 3342 (M + Na"), 329.2 (M + NH;"), 312.2 (M + H).
Anal. caled for C14H14FNOg: C, 54.02; H, 4.53; N, 4.50. Found: C, 54.06; H, 4.44; N,

4.40.

3g (solid): 36h, 67% yield, dr>99/1. HPLC analysis (Chiralcel OD-H, 30/70
'PrOH/hexanes, 0.6 mL/min, 238 nm; t,= 15.29 min, only one peak was observed.)
gave the isomeric composition of the product: > 99% ee. [ o Jp™ = -84.4 (c = 1.00,
CHCI). IR (film) v/em™ 3123 (w), 2983 (m), 1739 (s), 1633 (s), 1500 (m), 1456 (m),
1393 (m), 1224 (m), 747 (m), 698 (m), 598 (m). '"H NMR (300 MHz, CDCl3/TMS)
0 7.22-7.39 (m, 6H), 6.35 (dd, J = 1.5, 3.3 Hz 1H), 6.27 (d, J = 3.0 Hz, 1H), 5.26
(ABd, J=12.6 Hz, 1H), 5.14 (ABd, J = 12.6 Hz, 1H), 5.04 (s, 2H), 4.30 (q, /= 7.2Hz,
2H), 1.31 (t, J = 7.2 Hz, 3H). >C NMR (75 MHz, CDCl3) § 167.6, 157.7, 148.7,
143.1, 134.5, 128.4, 128.4, 128.0, 110.8, 108.4, 106.2, 76.0, 67.3, 62.7, 46.1, 13.9.
MS (EI, m/z, rel. intensity) 341 (M"-H,0, 1.01), 91 (100.00). HRMS (ESI) calcd for
CisH;7NO7Na" (M+Na") 382.0901, Found: 382.08973.
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EtO,C,, O.4.O

3h (solid): 41h, 79% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.6 mL/min, 238 nm; t, (major) = 14.71 min, t.(minor) = 20.79 min)
gave the isomeric composition of the product: 99% ee. [ Jp™ = -123.2 (¢ = 1.10,
CHCI3). mp. 119-121°C . IR (film) v/em™ 3113 (w), 2993 (w), 2909 (w), 1740 (s),
1633 (s), 1438 (m), 1230 (m), 982 (m), 751 (s), 732 (m), 546 (w). "H NMR (300 MHz,
CDCI3/TMS) & 7.32 (dd, J= 0.9, 5.1 Hz, 1H), 7.09-7.10 (m, 1H), 7.02 (dd, J = 3.6,
5.4 Hz, 1H), 5.18 (d, J = 2.4 Hz ,1H), 5.05 (d, J = 2.7 Hz, 1H), 4.33 (q, J = 7.2 Hz,
2H), 3.80 (s, 3H), 1.35 (t, J= 7.2 Hz, 3H). *C NMR (75 MHz, CDCl5) § 167.5, 158.3,
139.4, 127.4, 125.9(9), 125.9(6), 108.4, 78.8, 62.7, 52.7,47.6, 13.9. MS (ESI, m/z)
354.1 (M +MeOH + Na"), 322.1 (M +Na"), 317.1 (M +NH,"), 300.1 (M + H"). Anal.
calcd for C1,H3NOgS: C, 48.16; H, 4.38; N, 4.68. Found: C, 48.58; H, 4.05; N, 4.63.

3i (solid): 39h, 68% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
'PrOH/hexanes, 0.6 mL/min, 238 nm; t, (major) = 20.48 min, t, (minor) = 27.55 min)
gave the isomeric composition of the product: 96% ee. [ ]’ = -3.0 (c = 1.23,
CHCl3). IR (film) v/em™ 3055(w), 2981(w), 2959 (w), 1759 (s), 1740 (s), 1633 (s),
1440 (s), 1227 (m), 1056 (w), 799 (m), 777 (m), 748 (m), 537 (m). 'H NMR (300
MHz, CDCl5/TMS) 6 8.25(d, J=8.4 Hz, 1H), 7.92 (d, /= 0.9 Hz, 1H), 7.88 (d, J=
8.4 Hz, 1H), 7.65 (dd, J = 6.3, 6.9 Hz, 1H), 7.58 (dd, J = 6.3, 6.6 Hz, 1H), 7.46 (t, J =
7.2 Hz, 1H), 7.32 (d, J = 6.6 Hz, 1H), 5.72 (d, J = 1.5 Hz, 1H), 4.88 (d, J = 1.8 Hz,
1H), 4.38-4.44 (m, 2H), 3.72 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H). >C NMR (75 MHz,
CDCl;) 6 168.4, 158.7, 134.2, 132.8, 130.3, 129.4, 129.2, 127.1, 126.3, 125.4, 124.1,
122.5, 108.3, 78.5, 62.8, 52.8, 48.4, 14.0. MS (ESI, m/z) 398.1 (M + MeOH + Na"),
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366.1 (M + Na"), 344.1 (M + H"). Anal. caled for C;sH;7NOg: C, 62.97; H, 4.99; N,
4.08. Found: C, 67.61; H, 4.94; N, 3.75.

Et0,C,, O\t O
!
CO,Me
OMe
3j (solid): 36h, 54% yield; dr > 99/1. HPLC analysis (Chiralcel AD-H, 10/90
"PrOH/hexanes, 0.4 mL/min, 238 nm; t, (major) = 28.02 min, t.(minor) = 38.33 min)
gave the isomeric composition of the product: 99% ee. [ ]p™ = -70.3 (¢ = 1.13,
CHCI). IR (film) v/iem™ 2956 (m), 2843 (m), 1741 (s), 1708 (s), 1632 (s), 1494 (m),
1246 (m), 1026 (m), 757 (s). '"H NMR (300 MHz, CDCl;/TMS)  § 7.33-7.35 (m, 1H),
7.12-7.14 (m, 1H), 6.94-6.98 (m, 2H), 5.15 (d, J = 3.6 Hz 1H), 4.86 (d, J = 3.6 Hz
1H), 4.30-4.34 (m, 2H), 3.88 (s, 3H), 3.74 (s, 3H), 1.35 (t, J = 7.2 Hz 3H). °C NMR
(75 MHz, CDCl5) 6 168.2, 158.8, 156.6, 129.9, 128.3, 125.2, 120.8, 111.0, 108.1,
78.0, 62.3, 55.5, 52.5, 47.9, 14.0. MS (ESI, m/z) 378.1 (M + MeOH + Na"), 346.1 (M
+ Na"), 324.1 (M + H"). Anal. calcd for C;sH;;NO-: C, 55.73; H, 5.30; N, 4.33.

Found: C, 55.79; H, 5.27; N, 4.33.

EtO,C,, O.+.0
2 . N

CO,Me

3k (solid)’: 36h, 62% yield; dr > 99/1. HPLC analysis ( Chiralcel OD-H, 30/70
'PrOH/hexanes, 0.8 mL/min, 238 nm; t, (major) = 12.63 min, t; (minor) = 18.44 min )
gave the isomeric composition of the product: 97% ee. [ ]p”" = -228.6 (¢ = 1.00,
CHCl;). '"H NMR (300 MHz, CDCI3/TMS) & 7.27-7.43 (m, 5H), 4.93 (d, J = 3.6
Hz ,1H), 4.84 (d, J = 3.6 Hz, 1H), 4.33 (q, J = 7.2 Hz, 2H), 3.75 (s, 3H), 1.35 (t, J =
6.9 Hz, 3H). °C NMR (75 MHz, CDCl3) § 168.1, 158.6, 137.8, 129.4, 128.7, 126.9,
109.0, 78.7, 62.7, 52.7, 52.5, 14.0.

EtOZC O\R'I,O_
!

© CO,Me
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ent-3k (solid): 36h, 69% yield; dr > 99/1. HPLC analysis (Chiralcel OD-H, 30/70
"PrOH/hexanes, 0.6 mL/min, 238 nm; t, (minor) = 15.09 min, t, (major) = 19.74 min )
gave the isomeric composition of the product: -99% ee. [ o ]p™ = 216.0 (¢ = 0.50,

CHCly).
EtOQC/,, O\R]/O_ EtOQC O\N,O_

CO,Me CO,Me

31 (oil): 39h, 30% yield, dr = 80/20. HPLC analysis ( Chiralcel OD-H, 1/15
"PrOH/hexanes, 0.5 mL/min, 238 nm; t,, (major) = 28.15 min, the other peak was not
observed; to (major) = 30.30 min, t, (minor) = 33.59 min ) gave the isomeric
composition of the product: trans, 99% ee, cis, 88% ee. For trans-isomer: '"H NMR
(300 MHz, CDCI3/TMS) 6 4.76 (d, J = 2.7 Hz, 1H), 4.22 (dq, J = 2.1, 6.9 Hz, 2H),
3.82 (s, 3H), 3.58 (dd, J=2.1 Hz, 3 Hz, 1H), 2.33 (hepta, J= 3.9 Hz, 1H). 1.26 (t, J =
7.8 Hz, 3H), 1.02 (d, J = 7.2 Hz, 3H), 0.91 (d, J = 7.2 Hz, 3H). °C NMR (75 MHz,
CDCl3) & 168.9, 159.0, 108.3, 72.5, 62.2, 53.5 52.6, 29.2, 19.5, 16.6, 13.9. MS (EI,
m/z, rel. intensity) 242 (M'-OH, 2.09), 186 (45.42), 144 (45.88), 142 (42.86), 100
(86.76), 85 (42.29), 59 (100.00), 43 (45.50), 41 (36.26). Anal. calcd for C;;H;7NOg: C,
50.96; H, 6.61; N, 5.40. Found: C, 51.40; H, 6.76; N, 5.20.
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NMR spectra for new compounds
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