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1. General methods
2. Asymmetric Michael addition and intramolecular 1,3-dipolar cycloaddition of

functionalized o,B-unsaturated ketones 2 to malononitrile

1. General Methods:

Column chromatography was performed using silica gel (200-300 mesh) eluting
with ethyl acetate and petroleum ether. *H NMR and *C NMR spectra were recorded
on Bruker DRX 400 spectrometer at room temperature in CDCl3 as solvent. Chemical
shifts for protons are reported using residual CHCl3 asinternal reference (=7.26 ppm).
Carbon spectra were referenced to the shift of the **C signal of CDCl3 (=77.0 ppm).
Coupling constants (J) are given in Hz. IR spectra were recorded using a
Perkin-Elmer 1600 Series FTIR. ESI-HRMS spectrometer was measured with a
Finnigan LCQP"“* ion trap mass spectrometer. Optical rotations were measured at
589 nm at 25 °C in a 1 dm cell and specific rotations are given in 10 deg cm? g,
Enantiomeric excess were determined by HPLC analysis (Waters-Breeze 2487, dual
absorbance detector and 1525 Binary HPLC Pump) using Daicel Chiralpak AS
column (4.6mm*250mm, 5um) and Daicel Chiralpak AD column (4.6mm*250mm,
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5um). Commercial grade solvents were dried and purified by standard procedures as
specified in Purification of Laboratory Chemicals, 4th Ed (Armarego, W. L. F; Perrin,
D. D. Butterworth Heinemann: 1997).

2. Asymmetric Michael addition and intramolecular 1,3-dipolar cycloaddition of
functionalized a,p-unsaturated ketones 2 to malononitrile

General procedure: 2a 18.7 mg (0.1 mmol), malononitrile 13.2 mg (0.2 mmol), 1a
6.5 mg (0.02 mol) and TFA 3.0 uL (0.04 mol) were stirred in DCM (1 mL) at 25 °C
for 96 h. and flash chromatography on silica gel (8% ethyl acetate/petroleum ether)
gave 3a as a white solid (21.5 mg, 85%). The product 3a (0.1 mmol) was refluxed in
CH3CN (1.5 mL) for 12h, then the solvent was removed and flash column
chromatography (citation to Clark Still’s paper) was performed (monitored by TLC,
15% ethyl acetate/petroleum ether as eluent) to give 4a as a yellow solid (19.7 mg,
92%).

NC.__CN

N3 3a, 85% yield. pale yellow solid, m.p. 84-85 °C; *H NMR (400 MHz,
CDCl3) & (ppm) 7.44-7.35 (m, 2H), 7.24-7.17 (m, 2H), 4.51 (d, J = 6.3Hz, 1H),
4.24-4.18 (m, 1H), 3.14 (d, J = 7.0Hz, 1H), 2.20 (s, 3H); *C NMR (100 MHz,
CDCl3) o (ppm) 204.6, 138.2, 130.2, 128.6, 127.2, 125.5, 118.8, 111.8, 111.5, 43.9,
35.4, 30.3, 27.2; ESI-HRMS: calcd. for Ci3H11NsO+H 254.10376, found 254.10364;
96% ee; The enantiomeric ratio was determined by HPLC on Chiralpak AD column
(30% 2-propanol/hexane, 1.0 mL/min, detection at 254 NM), tminor = 5.06 MIN, tmgor =
5.64 min.

NC.__CN
@)

Cl

N3 3b, 72% yield. pale yellow solid, m.p. 91-92 °C; *H NMR (400
MHz, CDCl3) & (ppm) 7.28-7.21 (m, 1H), 7.12-7.09 (m, 1H), 6.98 (d, J = 2.5 Hz, 1H),
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452 (d, J= 6.5 Hz, 1H), 4.21-4.15 (m, 1H), 3.13 (d, J = 7.0 Hz, 2H), 2.23 (s, 3H); **C
NMR (100 MHz, CDCl3) & (ppm) 204.3, 137.4, 134.6, 128.8, 120.6, 120.2, 119.5,
1115, 111.3, 43.7, 354, 30.2, 26.9; ESI-HRMS: calcd. for CizHigCINsO+Na
310.04743, found 310.04768; 94% ee; The enantiomeric ratio was determined by
HPLC on Chiralpak aD column (20% 2-propanol/hexane, 1.0 mL/min, detection at
254 nm), tminor = 11.20 Min, tmgjor = 13.51 min.

NC.__CN
O

Br N3 3¢, 82% yield. yellow solid, m.p. 97-99 °C;'H NMR (400 MHz,
CDCl3) & (ppm) 7.37-7.34 (m, 1H), 6.90-6.88 (m, 1H), 6.81 (d, J = 2.2 Hz, 1H), 4.50
(d, J = 6.4 Hz, 1H), 4.20-4.15 (m, 1H), 3.13 (d, J = 7.0 Hz, 2H), 2.22 (s, 3H); *C
NMR (100 MHz, CDCls) & (ppm) 204.5, 142.2, 138.8, 130.0, 123.6, 115.8, 111.6,
111.4, 109.4, 43.9, 35.0, 30.2, 27.2; IR (KBr) cmt 2226, 1715; ESI-HRMS: calcd. for
C13H10BrNsO+Na 353.99612, found 353.99704; 97% ee; The enantiomeric ratio was
determined by HPL C on Chiralpak AD column (10% 2-propanol/hexane, 1.0 mL/min,
detection at 254 NMm), tminor = 20.17 MiN, tmgor = 22.50 min.
NC._CN,

C

MHz, CDCl3) & (ppm) 7.96 (d, J = 7.8 Hz, 2H), 7.65-7.61 (m, 1H), 7.52-7.40 (m, 4H),
7.25-7.17 (m, 2H), 4.66 (d, J = 6.2 Hz, 1H), 4.47-4.42 (m, 1H), 3.80-3.57 (m, 2H);

N3 3d, 73% yield. yellow solid, m.p. 101-103 °C; *H NMR (400

3C NMR (100 MHz, CDCl3)  (ppm) 196.0, 138.2, 135.8, 134.1, 130.2, 128.9, 128.6,
128.6, 128.1, 128.1, 127.4, 125.5, 118.8, 111.9, 111.6, 38.2, 36.7, 27.4; ESI-HRMS:
calcd. for CigH13NsO+Na 338.10087, found 338.10123; 93% ee; The enantiomeric
ratio was determined by HPLC on Chiralpak AD column (20% 2-propanol/hexane,
1.0 mL/min, detection at 254 M), tmgor = 12.94 Min, tminor = 15.61 min.
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NC.__CN
(0]

CUC

(400 MHz, CDCl3) & (ppm) 7.85 (d, J = 8.1 Hz, 2H), 7.45-7.38 (m, 2H), 7.29-7.16 (m,
4H), 4.65 (d, J = 6.1 Hz, 1H), 4.45-4.40 (m, 1H), 3.75-3.56 (m, 2H), 2.42 (s, 3H); *C

CHs 3¢, 76% vyield. yellow solid, m.p. 110-112 °C; 'H NMR

NMR (100 MHz, CDCls) & (ppm) 195.6, 145.1, 138.2, 133.3, 130.1, 129.5, 129.5,
128.6, 128.2, 128.2, 127.5, 125.5, 118.8, 111.9, 111.5, 39.0, 35.6, 27.4, 21.7,
ESI-HRMS: calcd. for CigH1sNsO+H 330.13560, found 330.13494; 93% ee; The
enantiomeric ratio was determined by HPLC on Chiralpak AD column (20%
2-propanol/hexane, 1.0 mL/min, detection at 254 nm), tmgor = 15.57 Min, tminor = 18.20
min.

NC.__CN

(@]
N3

MHz, CDCl3) § (ppm) 7.89 (d, J = 8.6Hz, 2H), 7.48-7.40 (m, 4H), 7.25-7.17 (m, 2H),
4.62 (d, J = 6.3, 1H), 4.42-4.40 (m, 1H), 3.75-3.56 (m, 2H); *C NMR (100 MHz,

Cl3t, 81% yield. yellow solid, m.p. 121-122 °C; *H NMR (400

CDCl3) & (ppm) 194.8, 140.6, 138.2, 134.1, 130.3, 130.2, 129.5, 129.4, 129.2, 128.6,
127.2, 1255, 118.8, 111.8, 1115, 38.2, 36.8, 27.3; ESI-HRMS: calcd. for
Ci1sH12CINsO+Na 372.06224, found 372.06226; 91% ee; The enantiomeric ratio was
determined by HPL C on Chiralpak AD column (20% 2-propanol/hexane, 1.0 mL/min,
detection at 254 nm), tmgjor = 14.86 Min, tminor = 17.37 min.

NC.__CN

(@]
N3

MHz, CDCl3) & (ppm) 7.81 (d, J = 8.6Hz, 2H), 7.63 (d, J = 8.6, 2H), 7.44-7.40 (m,
2H), 7.25-7.16 (m, 2H), 4.62 (d, J = 6.3, 1H), 4.42-4.40 (m, 1H), 3.74-3.55 (m, 2H);
13C NMR (100 MHz, CDCl3) § (ppm) 195.0, 138.2, 134.5, 132.2, 132.2, 130.3, 129.6,
129.5, 129.4, 128.6, 127.2, 1255, 118.9, 111.8, 111.5, 39.2, 35.8, 27.3; ESI-HRMS:

Br3g 80% yield. yellow solid, m.p. 129-130 °C; *H NMR (400

calcd. for CigH12BrNsO+Na 416.01224, found 416.01174; 90% ee; The enantiomeric
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ratio was determined by HPLC on Chiralpak AD column (20% 2-propanol/hexane,
1.0 mL/min, detection at 254 M), tmgor = 16.88 Min, tminor = 19.66 min.

NC CNO
ROGAS
N3
NMR (400 MHz, CDCl3) & (ppm) 7.85 (d, J = 8.1 Hz, 2H), 7.30-7.26 (m, 2H),
7.237.17 (m, 1H), 7.10-7.04 (m, 2H), 4.63 (d, J = 6.3 Hz, 1H), 4.41-4.36 (m, 1H),

CH3 3n, 69% vyield. yellow solid, m.p. 135-136 °C; *H

3.71-3.54 (m, 2H), 2.43 (s, 3H); *C NMR (100 MHz, CDCls) § (ppm) 195.3, 145.3,
137.4, 134.7, 133.2, 129.6, 129.5, 129.2, 129.2, 128.2, 127.2, 120.2, 119.6, 111.6,
111.4, 38.9, 36.8, 27.2, 21.7; ESI-HRMS: calcd. for CigH14CINsO+Na 386.07715,
found 386.07664; 90% ee; The enantiomeric ratio was determined by HPLC on
Chiralpak AD column (20% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm),
tminor = 17.31 min, tmgor = 24.82 min.

NC CNO
LT
N3
(400 MHz, CDCl3) & (ppm) 7.89-7.81 (m, 2H), 7.67-7.64 (m, 3H), 7.12-7.09 (m, 1H),
7.03-7.02 (m, 1H), 4.62 (d, J = 6.5 Hz, 1H), 4.40-4.35 (m, 1H), 3.71-3.55 (m, 2H):

Br 3j, 61% vyield. yellow solid, m.p. 141-143 °C; 'H NMR

3C NMR (100 MHz, CDCl5) & (ppm) 194.7, 138.6, 132.3, 132.3, 132.0, 130.1, 129.6,
129.5, 129.5, 129.4, 124.1, 122.0, 120.6, 119.6, 111.5, 39.0, 35.8, 27.2; ESI-HRMS:
calcd. for CigH11BrCINsO+Na 449.97320, found 449.97296; 83% ee; The
enantiomeric ratio was determined by HPLC on Chiralpak AD column (20%
2-propanol/hexane, 1.0 mL/min, detection at 254 nm), tminor = 22.12 MiN, tmgor = 36.70

min.

NC.__CN
0
ROGAS
N cl

(400 MHz, CDCl3) & (ppm) 7.97-7.89 (m, 2H), 7.51-7.47 (m, 3H), 7.13-7.03 (m, 2H),
4.62 (d, J = 6.5 Hz, 1H), 4.39-4.37 (m, 1H), 3.67-3.60 (m, 2H); *C NMR (100 MHz,

3j, 62% yield. yellow solid, m.p. 146-147 °C; *H NMR
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CDCl3) & (ppm) 194.4, 142.0, 138.5, 130.0, 130.0, 129.3, 129.3, 129.1, 129.0, 124.1,
120.6, 120.3, 120.2, 118.4, 1115, 39.0, 354, 27.2; ESI-HRMS: cacd. for
C18H11Cl2NsO+Na 406.02374, found 406.02369; 84% ee; The enantiomeric ratio was
determined by HPLC on Chiralpak AD column (20% 2-propanol/hexane,1.0 mL/min,
detection at 254 nMm), tminor = 20.65 MiN, tmgor = 30.34 min.

NC CN
O
Br N3

NMR (400 MHz, CDCls) & (ppm) 7.84 (d, J = 7.7 Hz, 2H), 7.42 (d, J = 8.3 Hz, 1H),
7.30-7.26 (m, 2H), 6.88-6.80 (m, 2H), 4.61 (d, J = 6.1 Hz, 1H), 4.39-4.35 (m, 1H),

CH3 3k, 60% vyield. yellow solid, m.p. 139-140 °C; 'H

3.71-3.55 (m, 2H),2.42 (s, 3H); °C NMR (100 MHz, CDCl3) & (ppm) 195.4, 145.2,
142.1, 138.1, 133.2, 130.0, 130.0, 129.6, 128.2, 128.2, 124.0, 115.8, 111.7, 111.5,
109.4, 39.0, 35.4, 27.4, 21.7; ESI-HRMS: calcd. for CigH14BrNsO+Na 430.02786,
found 430.02774; 95% ee; The enantiomeric ratio was determined by HPLC on
Chiradpak AS column (20% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm),
tmajor = 17.31 mMin, tminor = 22.57 min.

NC.__CN

(@]
Br N3

(400 MHz, CDCls) & (ppm) 7.81 (d, J = 8.5 Hz, 2H), 7.63 (d, J = 8.5 Hz, 2H), 7.39 (d,
J = 85 Hz, 1H), 6.88-6.80 (m, 2H), 4.57 (d, J = 6.3 Hz, 1H), 4.38-4.33 (m, 1H),

Br 3], 68% yield. yellow solid, m.p. 157-158 °C; 'H NMR

3.70-3.53 (m, 2H); *C NMR (100 MHz, CDCl3) & (ppm) 194.8, 142.3, 139.8, 134.4,
134.3, 132.3, 132.3, 130.0, 129.5, 1295, 123.7, 115.9, 111.7, 111.5, 109.5, 39.1, 35.5,
27.4; ESI-HRMS: calcd. for CigH11BraNsNaO+Na 495.92068, found 495.92061; 91%
ee; The enantiomeric ratio was determined by HPLC on Chiralpak AS column (20%
2-propanol/hexane, 1.0 mL/min, detection at 254 NM), tmgor = 21.56 MiN, tyinor = 23.92

min.
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NC CN
(@]
Jsaas

(400 MHz, CDCl3) & (ppm) 7.92 (d, J = 8.6 Hz, 2H), 7.54-7.43 (m, 3H), 6.93-6.85 (m,
2H), 4.62 (d, J = 6.3 Hz, 1H), 4.43-4.38 (m, 1H), 3.76-3.58 (m, 2H); *C NMR (100

Cl3m, 66% yield. yellow solid, m.p. 151-152 °C; *H NMR

MHz, CDCl3) & (ppm) 194.6, 142.3, 140.7, 139.8, 134.0, 130.0, 130.0, 129.5, 129.4,
129.3, 123.7, 115.9, 111.7, 111.5, 109.5, 39.1, 35.5, 27.4; ESI-HRMS: calcd. for
Ci1gH11BrCINsO+Na 449.97321, found 449.97315; 93% ee; The enantiomeric ratio
was determined by HPLC on Chiralpak AD column (20% 2-propanol/hexane, 1.0
mL/min, detection at 254 NM), tmgor = 19.11 Min, trinor = 21.87 min.

O

CN

N /N

N
'\\IQN 4a, 92% vyield. yellow solid, m.p. 197-198 °C; *H NMR (400 MHz,
CDCl3) & (ppm) 8.07-8.03 (m, 1H), 7.60-7.45 (m, 3H), 4.93-4.89 (m, 1H), 4.16-4.11
(m, 1H), 3.17-2.92 (m, 1H), 2.71 (d, J = 6.8 Hz, 1H), 2.18 (d, J = 33.6 Hz, 3H); ©°C
NMR (100 MHz, CDCl3) & (ppm) 204.3, 204.0, 145.7, 144.9, 130.3, 130.2, 130.1,
130.0, 129.8, 129.7, 129.2, 128.7, 126.3, 126.2, 118.1, 118.1, 114.4, 113.3, 45.5, 43.8,
36.7, 34.0, 30.4, 30.1, 28.6, 27.0; IR (KBr) cm™* 3425, 3127, 2779, 2116, 1719, 1401,
825, 770; ESI-HRMS: calcd. for CisH11NsO+H 254.10349, found 254.10364; [0]%p =
+60.0 (c 1.12, EtOAC), 56/44 dr, the enantiomeric ratio was determined by HPLC on
Chiralpak AD column (30% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm),
95% ee, tminor = 7.38 MiN, tmgor = 8.86 Min; 96% e, tminor = 12.32 MiN, tmgor = 26.11

min.
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Cl CN

N /N

N
N=N 4b, 83% vyield. yellow solid, m.p. 209-211 °C; *H NMR (400
MHz, CDCl3) & (ppm) 8.07-8.01 (m, 1H), 7.25-7.22 (m, 1H), 7.16-7.14 (m, 1H),
4.93-4.88 (m, 1H), 4.13-4.09 (m, 1H), 3.18-2.90 (m, 1H), 2.70-2.68 (m, 1H), 2.20 (s,
3H); *C NMR (100 MHz, CDCl3) & (ppm) 204.0, 203.8, 145.3, 144.5, 142.1, 141.8,
128.4, 128.3, 127.0, 126.8, 120.4, 120.2, 119.8, 119.7, 119.4, 114.2, 113.1, 45.3, 43.6,
36.8, 34.1, 30.3, 30.1, 30.0, 28.4, 26.9; IR (KBr) cm™ 3426, 3127, 2779, 1717, 1400,
827, 776; ESI-HRMS: calcd. for Ci3H10CINsO+Na 310.04731, found 310.04768;
[0]®p = +42.3 (c 0.6, EtOAC), 95/5 dr, the enantiomeric ratio was determined by
HPLC on Chiralpak AD column (30% 2-propanol/hexane, 1.0 mL/min, detection at
254 nm), 94% ee, tmgor = 10.83 mMin, tminor = 13.07 min; 99% ee, tmgor = 26.23 min,
tminor = 36.88 min.

O

CN

Br \/N

N
N=N 4c, 81% vyield. yellow solid, m.p. 215-216 °C; *H NMR (400
MHz, CDCl3) & (ppm) 7.72-7.71 (m, 1H), 7.62-7.49 (m, 1H), 7.16-7.11 (m, 1H),
4.92-4.87 (m, 1H), 4.14-4.08 (m, 1H), 3.17-2.88 (m, 1H), 2.69 (d, J = 6.5 Hz, 1H),
2.19 (s, 3H); *C NMR (100 MHz, CDCls) § (ppm) 204.1, 203.9, 145.9, 145.1, 142.6,
1425, 133.1, 131.3, 131.1, 130.8, 130.4, 122.3, 122.2, 120.3, 119.8, 114.2, 113.2,
108.9, 45.5, 43.8, 36.3, 33.9, 33.8, 30.4, 30.1, 28.6, 27.1, 27.0; IR (KBr) cm™ 3420,
3109, 2780, 2114, 1720, 1400, 823, 769; ESI-HRMS: calcd. for CisH10BrNsO+Na
353.99600, found 353.99744; [0]®p = +71.9 (c 0.7, EtOAc), 53/47 dr, the
enantiomeric ratio was determined by HPLC on Chiralpak AD column (30%
2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 88% €€, tminor = 9.76 MiN, tmgor



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Cr
N

N
'\\'QN/N 4d, 94% yield. yellow solid, m.p. 207-209 °C; *H NMR (400 MHz,
CDCl3) & (ppm) 8.09-8.03 (m, 1H), 7.95-7.81 (m, 2H), 7.60-7.41 (m, 5H), 5.00-4.96
(m, 1H), 4.35 (m, 1H), 3.63-3.51 (m, 1H), 3.23-3.16 (m, 1H); *C NMR (100 MHz,
CDCls) & (ppm) 195.5, 145.8, 145.0, 135.7, 135.4, 134.2, 134.1, 130.3, 130.2, 130.1,
130.0, 129.7, 129.4, 128.9, 128.1, 128.0, 126.6, 118.2, 114.5, 113.4, 41.0, 39.1, 37.1,
34.4, 289, 27.2; IR (KBr) cm™* 3427, 3122, 2779, 2110, 1720, 1683, 1400, 689;
ESI-HRMS: calcd. for CigH13NsO+H 316.11936, found 316.11929; [0]%°p = +43.2 (c
0.6, EtOAC), 60/40 dr, the enantiomeric ratio was determined by HPLC on Chiral pak
AD column (30% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 90% ee,

tmajor = 22.85 mln, tminor = 26.56 mln.
CHj

O
N™N

N
NSN  4e, 93% vyield. yellow solid, m.p. 211-212 °C; *H NMR (400 MHz,

CDCl3) & (ppm) 8.10-8.04 (m, 1H), 7.86-7.83 (m, 2H), 7.59-7.44 (m, 3H), 7.29-7.22
(m, 2H), 5.01-4.97 (m, 1H), 4.35-4.34 (m, 1H), 3.60-3.50 (M, 1H), 3.19-3.11 (m, 1H),
2.41 (s, 3H); *C NMR (100 MHz, CDCl3) & (ppm) 195.0, 194.9, 145.8, 145.3, 145.2,
145.0, 133.3, 133.0, 130.5, 130.5, 130.4, 130.3, 130.2, 130.1, 130.0, 129.6,129.6,
129.5, 129.5, 129.4, 129.3, 129.2, 128.8, 128.3, 128.1, 126.7, 126.3, 118.1, 114.5,
113.4, 40.8, 38.9, 37.1, 34.4, 28.9, 27.2, 21.8, 21.7; IR (KBr) cm™ 3425, 3123, 2779,
2110, 1720, 1679, 1400, 765; ESI-HRMS: calcd. for CigHisNsO+Na 352.11724,
found 352.116884; [0]*° = +54.8 (c 0.7, EtOAc), 63/37 dr, the enantiomeric ratio
was determined by HPLC on Chiralpak AD column (10% 2-propanol/hexane, 1.0
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mL/min, detection at 254 nm), 99% €€, tminor = 50.12 MiN, tmgor = 54.32 min; 99% ee,

tmajor = 8463 mln, tminor = 11209 mln
Cl

! CN
N\

v N
NSN  4f, 87% yield. yellow solid, m.p. 223-224 °C; *H NMR (400 MHz,

CDCl3) & (ppm) 8.07-8.01 (m, 1H), 7.88-7.77 (m, 2H), 7.60-7.38 (m, 5H), 5.01-4.95
(m, 1H), 4.39-4.32 (m, 1H), 3.64-3.41 (m, 1H), 3.22 (d, J = 6.7 Hz, 1H); *C NMR
(100 MHz, CDCls) & (ppm) 194.4, 194.3, 145.7, 145.0, 140.7, 140.6, 134.0, 133.7,
130.4, 130.3, 130.2, 130.1, 130.1, 130.1, 129.7, 129.6, 129.6, 129.6, 129.5, 129.4,
129.2, 129.1, 129.0, 126.4, 126.3, 116.2, 114.5, 113.5, 41.0, 38.4, 36.9, 34.3, 29.0,
27.2; IR (KBr) cm™ 3422, 3120, 2780, 2111, 1718, 1681, 1400, 784; ESI-HRMS:
cacd. for CigH1CINsO+Na 372.06212, found 372.06246; [0]*°p = +89.6 (c 1.1,
EtOAC), 61/39 dr, the enantiomeric ratio was determined by HPLC on Chiralpak AD
column (20% 2-propanol/hexane, 0.5 mL/min), 92% ee, tminor = 44.49 Min, tmgor =

Br

! CN
N\

' N
NSN 49, 88% yield. yellow solid, m.p. 230-231 °C; 'H NMR (400 MHz,

CDCls) & (ppm) 8.15-8.08 (m, 1H), 7.85-7.72 (m, 2H), 7.67-7.48 (m, 5H), 5.03-4.88
(m, 1H), 4.38-4.35 (m, 1H), 3.66-3.44 (m, 1H), 3.20-3.16 (m, 1H); **C NMR (100
MHz, CDCl3) & (ppm) 194.5, 194.3, 145.6, 144.9, 134.1, 132.2, 132.2, 130.4, 130.4,
130.3, 130.3, 130.2, 130.2, 129.7, 129.7, 129.6, 129.6, 129.5, 129.5, 129.4, 129.3,
128.9, 126.4, 126.2, 126.1, 118.3, 118.2, 114.3, 113.3, 41.0, 39.2, 37.0, 34.4, 28.9,
27.2; IR (KBr) cm™ 3429, 3121, 2781, 2116, 1713, 1400, 824, 775; ESI-HRMS: calcd.
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for CigH12BrNsO+Na 416.01198, found 416.01174; [0]*°p = +34.3 (c 0.6, EtOAC),
57/43 dr, the enantiomeric ratio was determined by HPLC on Chiralpak AD column
(30% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 90% ee, tminor = 26.28

CHs

@]

Cl O CN
N

N

NN 4h, 86% yield. yellow solid, m.p. 231-233 °C; *H NMR (400
MHz, CDCl3) & (ppm) 8.09-8.04 (m, 1H), 7.86-7.68 (m, 2H), 7.30-7.28 (m, 1H),
7.24-717 (m, 3H), 4.99-495 (m, 1H), 4.33-429 (m, 1H), 3.63-3.41 (m, 1H),
3.19-3.03 (m, 1H), 2.41 (s, 3H); **C NMR (100 MHz, CDCls) & (ppm) 194.6, 145.5,
144.6, 142.2, 141.8, 132.8, 129.6, 128.7, 128.4, 128.3, 128.1, 126.9, 120.4, 120.1,
119.8, 119.7, 119.5, 114.3, 113.1, 40.7, 38.7, 37.3, 34.6, 28.7, 27.1, 21.7; IR (KBr)
cmt 3426,3120, 2779, 2113, 1718, 1685, 1400, 756, 667; ESI-HRMS: calcd. for
C1oH14CINsO+Na 386.07706, found 386.07664; [a]*°5 = 0.5 (c 1.4, EtOAC), 62/38 dr,
the enantiomeric ratio was determined by HPLC on Chiralpak AD column (30%
2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 86% ee€, tminor = 14.82 min,

Br

O

Cl O CN
N A\
\

N
NN 4, 85% yield. yellow solid, m.p. 245-247 °C; *H NMR (400 MHz,
CDCl3) & (ppm) 8.10-8.04 (m, 1H), 7.82-7.80 (m, 1H), 7.73-7.68 (m, 1H), 7.64-7.57
(m, 2H), 7.27-7.18 (m, 2H), 4.98-4.94 (m, 1H), 4.34-4.31 (m, 1H), 3.65-3.36 (M, 1H),

3.16-3.10 (m, 1H); *C NMR (100 MHz, CDCls) & (ppm) 194.5, 194.5, 144.5, 142.3,
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140.2, 133.9, 133.9, 133.8, 133.6, 133.5, 132.3, 132.1, 132.0, 129.8, 129.6, 129.5,
129.5, 129.4, 129.3, 128.4, 125.9, 125.8, 125.6, 120.5, 120.2, 119.9, 119.8, 119.6,
119.1, 118.4, 40.9, 39.0, 37.1, 34.5, 28.8, 27.1; IR (KBr) cm™ 3425, 3120, 2778, 2113,
1719, 1685, 1400, 756, 660; ESI-HRMS: calcd. for CigH11BrCINsO+Na 449.97316,
found 449.97307; [a]®p = +18 (¢ 0.7, EtOAC), 60/40 dr, the enantiomeric ratio was
determined by HPL C on Chiralpak AD column (30% 2-propanol/hexane, 1.0 mL/min,
detection at 254 nm), 82% e€, tminor = 16.06 MiN, tmgor = 18.01 mMin; 81% ee, tmgor =

4440 mln, tminor = 8634 mln
Cl

@]

Cl O CN
N

N

NN 4j, 89% yield. yellow solid, m.p. 243-245 °C: *H NMR (400 MHz,
CDCl3) 6 (ppm) 8.08-8.02 (m, 1H), 7.91-7.75 (m, 2H), 7.47-7.40 (m, 2H), 7.25-7.18
(m, 2H), 5.00-4.94 (m, 1H), 4.36-4.30 (M, 1H), 3.65-3.37 (M, 1H), 3.22-3.09 (m, 1H);
3C NMR (100 MHz, CDCl3) & (ppm) 194.0, 145.3, 144.5, 142.2, 140.9, 133.8, 133.6,
129.6, 129.4, 129.3, 128.5, 128.3, 127.0, 126.8, 120.5, 120.2, 119.9, 119.8, 119.7,
114.2, 40.9, 39.1, 37.1, 34.5, 28.8, 27.1; IR (KBr) cm* 3427, 3126, 2778, 2110, 1717,
1679, 1400, 827, 779; ESI-HRMS: calcd. for CigH11CloNsO+Na 406.02368, found
406.02347; [0]®> = +3.0 (c 0.5, EtOAc), 55/45, the enantiomeric ratio was
determined by HPL C on Chiralpak AD column (20% 2-propanol/hexane, 1.0 mL/min,
detection at 254 nm), 81% €€; tminor = 17.13 MinN, tmgor = 20.05 min; 88% ee, tmgor =
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CH;

@]

E CN
Br N

N

NN 4k, 91% yield. yellow solid, m.p. 238-240 °C;"H NMR (400 MHz,
CDCls) & (ppm) 7.84-7.82 (m, 1H), 7.75-7.68 (m, 2H), 7.58-7.51 (m, 1H), 7.28-7.27
(m, 1H), 7.25-7.22 (m, 1H), 7.15-7.08 (M, 1H), 4.88-4.84 (m, 1H), 4.33-4.31 (m, 1H),
3.58-3.45 (m, 1H), 3.14-3.10 (m, 1H), 2.41 (s, 3H); **C NMR (100 MHz, CDCl3) &
(ppm) 194.7, 145.5, 142.6, 142.5, 132.9, 131.3, 130.9, 130.4, 129.6, 128.3, 128.1,
122.6, 120.3, 119.7, 114.3, 108.9, 40.8, 38.9, 36.8, 34.2, 28.8, 27.4, 21.7; IR (KBr)
cm® 3427, 3125, 2778, 2115, 1721, 1400, 824, 773; ESI-HRMS: cacd. for
C1oH14BrNsO+Na 430.02780, found 430.02774; [0]*° = +48.3 (c 0.7, EtOAC),, 58/42
dr, the enantiomeric ratio was determined by HPLC on Chiralpak AD column (30%
2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 92% ee€; tminor = 16.00 min,

Br

@]

E CN
Br N

N

NN 41, 79% yield. yellow solid, m.p. 257-259 °C;"H NMR (400 MHz,
CDCls) & (ppm) 7.82-7.80 (m, 1H), 7.75-7.70 (m, 2H), 7.65-7.54 (m, 3H), 7.17-7.11
(m, 1H), 5.00-4.84 (m, 1H), 4.38-4.33 (m, 1H), 3.65-3.38 (m, 1H), 3.17 (d, J = 3.0 Hz,
1H); *C NMR (100 MHz, CDCl3) & (ppm) 194.4, 194.3, 145.1, 142.7, 142.6, 134.2,
134.0, 132.3, 131.4, 131.2, 130.9, 130.6, 129.7, 129.6, 129.5, 122.3, 122.1, 120.3,
119.8, 114.2, 113.2, 108.9, 41.0, 39.3, 36.6, 34.1, 29.0, 27.3; IR (KBr) cm™ 3427,
3126, 2776, 2114, 1719, 1683, 1400, 826, 779; ESI-HRMS: calcd. for
CisH11Bro>NsNaO+Na 495.92068, found 495.92061; [0]%, = +31.0 (c 0.8, EtOAC),

60/40 dr, the enantiomeric ratio was determined by HPLC on Chiralpak AD column



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

(30% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm), 90% ee, t,minor = 35.90

min, tmgjor = 39.51 min.
Cl

@]

E CN
Br l\‘l N

N
NSN  4m, 88% yield. yellow solid, m.p. 251-252 °C; *H NMR (400

MHz, CDCls) & (ppm) 7.89-7.86 (m, 1H), 7.79-7.68 (m, 2H), 7.60-7.52 (m, 1H),
7.46-7.40 (m, 2H), 7.16-7.09 (m, 1H), 4.88-4.83 (m, 1H), 4.36-4.32 (m, 1H),
3.64-3.38 (m, 1H), 3.18 (d, J = 6.3 Hz, 1H); **C NMR (100 MHz, CDCls) & (ppm)
194.2, 194.1, 145.9, 145.1, 142.7, 142.6, 140.9, 140.8, 133.6, 131.4, 131.2, 130.9,
130.6, 129.6, 129.4, 129.3, 122.3, 122.2, 120.3, 119.8, 114.2, 108.9, 41.0, 38.3, 36.6,
34.1, 29.0, 27.3; IR (KBr) cm™ 3426, 3125, 2775, 2114, 1724, 1682, 1400, 756;
ESI-HRMS: calcd. for CigH11BrCINsO+Na 449.97316, found 449.97305; [0] % = +2
(c 0.3, EtOAc), 61/39 dr, the enantiomeric ratio was determined by HPLC on
Chiralpak AD column (30% 2-propanol/hexane, 1.0 mL/min, detection at 254 nm),

92% ee, tminor = 3186 mln, tmajor = 3965 mln
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NMR Spectra
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HPLC Spectra
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