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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. "H NMR spectra were recorded at 400 MHz,
and °C NMR spectra were recorded at 50 MHz or 100 MHz (Bruker Avance). 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 IC, AD and Chiralcel OD columns. 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). All other chemicals
were used without purification as commercially available. N-Sulfonyl alkylimines were prepared

according to the reported procedure.’

2. Synthesis of new catalysts

Bifunctional catalyst 1a and 1¢ have been previously reported, and 1b, 1d—1f were prepared via

crx, %@5 zﬁiﬁi

HOB, EDCI, Et3

A mixture of 1,1'-binaphthyl-2,2'-dihydroxy-3-carboxylic acid (127 mg, 0.38 mmol),
9-amine-9-deoxyepicinchona alkaloid (0.38 mmol), EDCI (110 mg, 0.58 mmol), HOBt (63 mg,
0.47 mmol) and Et;N (81 pL, 0.58 mmol) in DCM (4 mL) was stirred at room temperature for 12

2
the same procedures.

h. Then the reaction mixture was diluted with EtOAc, washed with saturated NaHCO; and brine,
dried over Na,SO4 and concentrated. The residue was purified by column chromatography on

silica gel (petroleum ether/acetone = 3:1) to afford the pure amide as a yellow solid.

1b 35% yield; yellow solid; [o]p™ = -111.0 (¢ = 1.00 in CH,Cl,); '"H NMR
(400 MHz, CDCls): & = 8.90 (d, J = 4.8 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H),
8.32 (s, 1H), 8.12 (d, J = 8.4 Hz, 1H), 7.88-7.86 (m, 2H), 7.81 (d, J = 8.0
Hz, 1H), 7.74-7.70 (m, 1H), 7.66 (t, J = 6.8 Hz, 1H), 7.51 (d, J = 4.4 Hz,
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1H), 7.34-7.24 (m, 4H), 7.17-7.13 (m, 1H), 7.11-7.09 (m, 1H), 6.99 (d, J = 8.4 Hz, 1H), 5.78-5.71
(m, 1H), 5.61 (br s, 1H), 5.04-4.98 (m, 2H), 3.33-3.27 (m, 2H), 2.95 (br s, 1H), 2.81-2.76 (m, 3H),
2.35 (s, 1H), 2.04 (s, 2H), 1.71 (d, J = 2.4 Hz, 4H), 1.45 (t, J = 1H), 1.08-1.02 (m, 1H) ppm; °C
NMR (50 MHz, CDCls): & = 169.5, 154.7, 151.8, 150.0, 148.5, 145.9, 140.8, 136.4, 133.5, 130.5,
130.1, 129.6, 129.4, 129.2, 128.1, 127.2, 127.1, 126.5, 124.8, 124.7, 124.2, 123.3, 123.2, 119.4,
118.0, 115.2, 115.0, 114.1, 60.0, 55.7, 41.0, 39.3, 29.7, 27.5, 27.2, 26.0, 22.6, 14.1 ppm;
ESI-HRMS: caled. for C4oH36N305+H 606.2757, found 606.2785.

1d 37% yield; yellow solid; [a]p”® = +36.5 (¢ = 1.42 in CH,CL); 'H

o NMR (400 MHz, CDCL3): 5 = 8.81 (d, J = 4.4 Hz, 1H), 8.38 (d, J = 8.8
OO OHH“' Hz, 2H), 8.14 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.88-7.83 (m,

o 2H), 7.72 (t, J = 7.6 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 7.52 (d, J = 4.4 Hz,
OO 1H), 7.36-7.29 (m, 4H), 7.23-7.18 (m, 1H), 7.12-7.06 (m, 2H), 5.98-5.89
(m, 1H), 5.64 (br s, 1H), 5.30-5.20 (m, 2H), 3.74 (s, 2H), 3.35 (br s, 1H), 3.12-3.03 (m, 4H), 2.58
(br s, 1H), 2.43-2.36 (m, 1H), 2.19-2.18 (m, 1H), 1.65-1.49 (m, 3H), 1.44-1.39 (m, 1H) ppm; "*C
NMR (50 MHz, CDCLy): & = 169.7, 154.8, 151.9, 150.0, 139.4, 133.6, 130.5, 130.1, 129.7, 129.3,
128.2, 127.0, 126.4, 124.8, 124.7, 124.3, 123.2, 123.0, 118.1, 115.6, 63.7, 49.3, 46.9, 38.6, 29.7,
27.1, 26.1, 25.3 ppm; ESI-HRMS: calcd. for C4H36N303+H 606.2757, found 606.2789.

1e 29% yield; yellow solid; [a]p™ = +58.5 (¢ = 0.81 in CH,CL); 'H
H NMR (400 MHz, CDCl;): & = 8.85 (d, J = 4.4, 1H), 8.47 (d, J = 7.6 Hz,

1H), 8.20 (s, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H),

7.84-7.81 (m, 2H), 7.66-7.60 (m, 2H), 7.38 (d, J = 8.8 Hz, 2H), 7.32-7.27

(m, 3H), 7.15 (t, J = 3.6 Hz, 1H), 7.09-7.07 (m, 1H), 6.97 (d, J = 8.4 Hz,
1H), 5.98-5.89 (m, 1H), 5.59 (br s, 1H), 5.20-5.13 (m, 2H), 3.76-3.61 (m, 1H), 3.05 (br s, 1H),
2.98-2.93 (m, 4H), 2.34-2.33 (m, 1H), 2.17 (s, 2H), 1.71 (s, 1H), 1.68-1.50 (m, 2H), 1.41-1.30 (m,
1H), 1.08-1.04 (m, 1H) ppm; *C NMR (50 MHz, CDCls): & = 166.7, 153.6, 152.2, 149.6, 146.3,
146.1, 139.9, 136.2, 133.7, 130.2, 130.1, 129.8, 129.4, 129.1, 128.9, 128.1, 127.2, 127.0, 126.5,
124.9, 124.8, 124.1, 123.3, 116.7, 116.3, 115.2, 113.6, 59.7, 49.2, 47.0, 30.0, 30.7, 27.2, 26.5, 25.6,
22.6 ppm; ESI-HRMS: calcd. for C40H36N3O3+H 606.2757, found 606.2766.

1f 24% yield; yellow solid; [a]p™ = -40.8 (¢ = 0.80 in CH,CL); "H NMR (400 MHz, CDCl;): & =
8.81, (d, J = 4.4 Hz, 1H), 8.41 (d, J = 8.8 Hz, 1H), 8.34 (s, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.91-7.83
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(m, 3H), 7.71 (t, J = 7.6 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.51 (d, J =4.4
Hz, 1H), 7.43-7.27 (m, 4H), 7.21 (t, J = 6.8 Hz, 1H), 7.14-7.06 (m, 2H),
5.75-5.66 (m, 1H), 5.56 (br s, 1H), 5.02-4.95 (m, 2H), 3.37-3.31 (m, 2H),
3.20 (brs, 1H), 2.88-2.78 (m, 4H), 2.64 (br s, 1H), 2.36 (s, 1H), 1.73-1.68
(m, 3H), 1.50-1.42 (m, 1H), 1.07-1.02 (m, 1H) ppm; °C NMR (50 MHz,
CDCls): & = 189.6, 155.1, 152.3, 150.0, 146.5, 145.9, 140.5, 136.7, 133.6,
130.5, 130.2, 129.8, 129.5, 129.3, 128.3, 127.3, 127.1, 126.6, 125.0, 124.7, 124.3, 123.3, 123.2,
119.5, 116.5, 117.8, 115.8, 115.3, 114.4, 60.1, 55.7, 41.1, 39.2, 29.6, 27.5, 27.3, 25.9 ppm;
ESI-HRMS: calcd. for C4H3¢N305+H 606.2757, found 606.2720.

3. More screening studies

3.1 Initial catalyst screenings

NC_ CN NC, CN NC CN

/TOS cat (10/ mol)
/\) i, 4 AMS

[VlN)k
=z H OH
/N\
OH
42%, dr 25:75, <10% ee OH
OH

60%, dr 25:75, 26% ee

31%, dr 18:82, 31% ee

N7 N
“ | i OH
N
OMe |
N

no reaction no reaction no reaction

3.2 More screening studies of the AVM reaction of a,a-dicyanoolefin and alkylimine

= |_R
- Ois\\o\ NC | CNHN/PG NC | CNHN/PG
| N 1a (10 mol %) +
+ /\/mH solvent, 4 A MS P oo
S ", 72h S s
4 5
entry R solvent yield (%) dr (4:5) ee (%)
1 4-Me THF 93 27:73 <5/-
2 4-Me DCM 88 57:43 87/-
3 4-Me m-xylene 97 70:30 93/-
4 4-Me CeHsF 81 73:27 92/-
5 4-Me mesitylene 88 79:21 93/-
6 4-MeO mesitylene 84 35:65 86/-
7 2,4-Me,  mesitylene 75 86:14 93/-
8 2,4,6-Me; mesitylene / / /
9? 2,4-Me,  mesitylene 73 15:85 -/—58

*SBADC 1d was used.
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4. General procedure for AVM of a,a-dicyanoolefins and alkylimines
4.1 Asymmetric syn-stereoselective AVM reaction

a,a-Dicyanoolefin 2 (0.1 mmol), alkylimine 3 (0.12 mmol), catalyst 1a or 1e (0.01 mmol) and
4 A MS (30 mg) in dry mesitylene (0.4 mL) were stirred at room temperature (25 °C). After

completion, the reaction mixture was subjected to flash chromatography to give syn-adduct 4.

4a 70% yield; Ry = 0.1 (petroleum ether/EtOAc = 20:1); [o]p™’ = +33.4 (C =

0.50 in EtOH); 69:31 dr, 90% ee, determined by HPLC analysis [Daicel

NC_ CN so, chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major) =

21.73 min, t (minor) = 8.74 min]; "H NMR (400 MHz, CDCl3) (major isomer):

s o0 =775t J=7.6 Hz, 2H), 7.54 (t, J = 8.4 Hz, 1H), 7.43-7.37 (m, 1H),

7.31-7.24 (m, 3H), 7.22-7.17 (m, 1H), 4.58 (d, J = 9.2 Hz, 1H), 3.74-3.62 (m, 1H), 3.60-3.43 (m,

1H), 3.19 (dd, J = 3.6, 13.6 Hz, 1H), 3.09 (dd, J = 4.4, 14.0 Hz, 1H), 2.44 (s, 3H), 1.49-1.39 (m,

1H), 1.12-0.85 (m, 3H), 0.63 (t, J = 6.8 Hz, 3H) ppm; *C NMR (50 MHz, CDCl;): & = 172.0,

143.9, 137.9, 133.6, 133.5, 131.5, 130.1, 129.7, 127.4, 127.0, 126.8, 125.1, 125.0, 112.9, 53.2,

45.7, 36.0, 28.0, 21.5, 18.2, 13.5 ppm; SI-HRMS: calcd. for C,3H23N30,S,+Na 460.1129, found
460.1132.

4b 98% vyield; Ry = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™’ = +204.5 (c =

1.01 in EtOH); 81:19 dr, 97% ee, determined by HPLC analysis [Daicel

NC‘ CHN/SOZ chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) =
&H\ 15.88 min, t (minor) = 10.29 min]; '"H NMR (400 MHz, CDCl;): & = 7.89-7.87
> (m, 1H), 7.74 (dd, J = 1.2, 8.0 Hz, 1H), 7.42-7.38 (m, 1H), 7.22-7.17 (m, 2H),
7.13-7.11 (m, 2H), 4.55-4.52 (m, 1H), 3.65 (qd, J = 4.0, 9.2 Hz, 1H), 3.46-3.41 (m, 1H), 3.17 (dd,
J=4.0,13.6 Hz, 1H), 2.94 (dd, J = 4.0, 13.6 Hz, 1H), 2.59 (s, 3H), 2.39 (s, 3H), 1.35-1.02 (m, 2H),
0.91-0.83 (m, 2H), 0.65 (t, J = 6.8 Hz, 3H) ppm; °C NMR (50 MHz, CDCl;): & = 172.0, 143.8,
138.4, 136.3, 136.0, 133.7, 133.2, 130.1, 129.6, 127.3, 126.9, 125.0, 124.8, 112.9, 112.7, 83.2,

53.1, 45.3, 36.0, 28.1, 21.3, 20.5, 18.2, 13.4 ppm; ESI-HRMS: calcd. for Cy4H;5sN30,S,+Na
474.1286, found 474.1277.

4¢ 92 yield; Rs = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™’ = +6.4 (¢ = 0.62 in
i e EtOH); 51:49 dr, 89% ee, determined by HPLC analysis [Daicel chiralcel AD,

‘ HN
&Oi n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) = 16.64 min, t
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(minor) = 25.24 min]; 'H NMR (400 MHz, CDCL;): & = 7.63-7.61 (m, 1H), 7.48-7.44 (m, 1H),
7.38 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 0.8 Hz, 1H), 7.06 (d, J = 1.2 Hz, 1H), 6.95-6.87 (m, 2H),
4.63 (d, J = 10.0 Hz, 1H), 4.48 (dd, J = 1.6, 12.4 Hz, 1H), 4.17 (dd, J = 2.4, 12.8 Hz, 1H),
3.68-3.54 (m, 1H), 3.04-3.01 (m, 1H), 2.62 (s, 3H), 2.43 (s, 3H), 1.87-1.79 (m, 1H), 1.67-1.59 (m,
1H), 1.50-1.36 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H) ppm; *C NMR (50 MHz, CDCl;): & = 165.4,
156.0, 143.5, 136.6, 135.8, 133.5, 129.4, 128.9, 128.2, 127.5, 127.1, 121.6, 117.9, 113.9, 113.3,
66.3, 54.0, 44.3, 35.7, 25.4, 21.3, 18.8, 17.5, 13.9 ppm; ESI-HRMS: calcd. for C4H,sN303S+H
436.1695, found 436.1667.

4d 89% yield; Rf = 0.1 (petroleum ether/EtOAc = 15:1); [a]p™’ = +99.7 (¢ =

1.00 in EtOH); 86:14 dr, 95% ee, determined by HPLC analysis [Daicel

Ne CNHN/SOZ chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) =

19.43 min, t (minor) = 12.58 min]; 'H NMR (400 MHz, CDCls): § =7.79 (t, J =

7.2 Hz, 2H), 7.51-7.47 (m, 1H), 7.31 (t, J = 3.2 Hz, 1H), 7.24 (d, J = 7.6 Hz,

1H), 7.11 (d, J = 8.0 Hz, 2H), 4.51 (d, J = 10.0 Hz, 1H), 3.53-3.46 (m, 1H), 3.28-3.23 (m, 1H),

3.02-2.94 (m, 1H), 2.69-2.63 (m, 1H), 2.51 (s, 3H), 2.39 (s, 3H), 1.98 (q, J = 6.0 Hz, 2H),

1.28-1.20 (m, 2H), 0.89-0.84 (m, 2H), 0.64 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCl5):

0 =175.6, 143.8, 140.6, 136.4, 136.1, 133.6, 133.3, 129.5, 129.2, 129.0, 128.3, 126.9, 126.8, 126.6,

113.3, 113.2, 81.7, 54.3, 47.0, 38.5, 25.3, 23.2, 21.3, 20.5, 16.3, 13.6 ppm; ESI-HRMS: calcd. for
Cy5H27N30,S+Na 456.1722, found 156.1709.

4e 87% yield, 87:13 dr (by 'H NMR

ij\ ij\ analysis); '"H NMR (400 MHz, CDCls): § =
NG CN 7.94 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 7.2 Hz,

HN,SOZ KMnO,/MgSO, o S0,
| e HN 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.41-7.35 (m,
10 mi
" 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.14-7.10 (m,
65% vyield
87:13 dr >99:1dr

1H), 6.96 (s, 1H), 4.52 (d, J = 5.6 Hz, 1H),
4.03-3.97 (m, 1H), 3.45 (d, J = 8.0 Hz, 1H), 3.15 (dd, J = 7.6 Hz, 18.0 Hz, 1H), 2.97 (d, J = 18.0
Hz, 1H), 2.65 (s, 3H), 2.34 (s, 3H), 1.93-1.84 (m, 1H), 1.73-1.64 (m, 1H), 1.55-1.38 (m, 2H), 1.01
(t,J=7.6 Hz, 3H) ppm.

90% ee, determined by HPLC analysis after conversion to B-amino ketone derivative; [o]p”" =
-1.01 (c = 0.80 in EtOH); [Daicel chiralpak IC, n-hexane/i-PrOH = 60/40, 1.0 mL/min, A =254 nm,
t (major) = 15.75 min, t (minor) = 27.30 min]; '"H NMR (400 MHz, CDCls): & = 7.89 (d, J = 8.0
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Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.61-7.57 (m, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 7.6 Hz,
1H), 7.09 (d, J = 8.0 Hz, 1H), 7.05 (s, 1H), 5.81 (d, J = 10.0 Hz, 1H), 3.63-3.56 (m, 1H), 3.13 (dd,
J=28.4,18.0 Hz, 1H), 2.74 (dd, J = 4.0, 17.6 Hz, 1H), 2.62-2.58 (m, 4H), 2.35 (s, 3H), 1.50-1.41
(m, 1H), 1.30-1.14 (m, 3H), 0.76 (t, J = 6.8 Hz, 3H) ppm; *C NMR (50 MHz, CDCl;): & = 208.3,
153.6, 143.2, 137.1, 137.0, 136.1, 135.3, 133.2, 129.5, 127.6, 126.6, 126.5, 123.7, 54.8, 49.4, 32.8,
30.1, 21.3, 20.1, 19.2, 13.5 ppm; ESI-HRMS: calcd. for C,;HsNO;S+H 394.1453, found
394.1459.

4f 83% yield; R¢ = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™ = +7.1 (c = 1.04

in EtOH); 63% ee, determined by HPLC analysis [Daicel chiralcel AD,

NC. CN _so, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 9.59 min, t
QL/HNK/\ (minor) = 8.51 min]; "H NMR (400 MHz, CDCls): & =7.63 (d, J = 8.0 Hz, 1H),
7.59-7.54 (m, 1H), 7.50-7.46 (m, 2H), 7.32-7.29 (m, 2H), 7.15 (s, 1H), 7.04 (d,

J=28.0 Hz, 1H), 4.48 (d, J = 8.4 Hz, 1H), 3.26-3.20 (m, 1H), 3.10-3.04 (m, 2H), 2.58 (s, 3H), 2.39
(s, 3H), 1.32-1.17 (m, 3H), 1.06-0.97 (m, 1H), 0.61 (t, J = 7.2 Hz, 3H) ppm; C NMR (50 MHz,
CDCl): & = 175.6, 143.7, 136.9, 135.1, 133.7, 133.4, 132.4, 129.7, 129.2, 127.8, 126.7, 112.6,

112.3, 68.3, 52.5, 43.4, 37.2, 21.2, 20.3, 16.3, 13.1 ppm; ESI-HRMS: calcd. for C23H,5sN30,S+Na
421.1481, found 421.1475.

58% vyield, for pure 4g; R; = 0.1 (petroleum ether/EtOAc = 20:1); [a]p>’ = +6.95
(c =0.70 in EtOH); 96% ee, determined by HPLC analysis [Daicel chiralpak IC,

NC<-CMn-S92  n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 10.92 min, t

%/i (minor) = 9.95 min]; '"H NMR (400 MHz, CDCls): & = 7.84-7.82 (m, 1H),

7.15-7.12 (m, 2H), 4.32 (d, J = 9.6 Hz, 1H), 3.42-3.38 (m, 1H), 3.05-3.00 (m, 1H),

2.60 (s, 3H), 2.55-2.47 (m, 2H), 2.39 (s, 3H), 1.27-1.18 (m, 5H), 1.15 (d, J = 6.8 Hz, 3H),

1.06-0.89 (m, 2H), 0.72 (t, J = 6.8 Hz, 3H) ppm; °C NMR (50 MHz, CDCLs): § = 169.4, 143.6,

136.3, 136.0, 133.3, 129.3, 127.0, 111.7, 111.5, 87.0, 57.0, 46.1, 36.7, 26.4, 21.3, 20.5, 16.4, 14.2,
13.8, 13.6 ppm; ESI-HRMS: caled. for C,0H27N30,S+H 374.1902, found 374.1885.

4h 95% vyield, 82:18 dr (by 'H NMR analysis); R = 0.1 (petroleum ether/EtOAc
= 20:1); [a]p™ = +65.9 (c = 0.43 in EtOH); 97% ee, determined by HPLC

NC ‘ CNHN,so2 analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, A = 254
% nm, t (major) = 12.51 min, t (minor) = 8.84 min]; 'H NMR (400 MHz, CDCl;):
S
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0=7.88(t,J=4.4 Hz, 1H), 7.76-7.74 (m, 1H), 7.43-7.39 (m, 1H), 7.21-7.16 (m, 2H), 7.13 (s, 2H),
4.48 (d, J=9.6 Hz, 1H), 3.63 (qd, J = 4.8, 9.2 Hz, 1H), 3.45-3.40 (m, 1H), 3.20 (dd, J = 4.0, 13.6
Hz, 1H), 2.97 (dd, J = 4.0, 13.6 Hz, 1H), 2.61 (s, 3H), 2.40 (s, 3H), 1.36-1.26 (m, 2H), 0.80 (t, J =
7.6 Hz, 3H) ppm; °C NMR (50 MHz, CDCl3): = 171.8, 143.9, 138.4, 136.3, 135.9, 133.7, 133.2,
130.1, 129.7, 127.3, 127.0, 125.9, 125.0, 112.9, 112.7, 83.3, 54.4, 44.9, 28.1, 26.7, 21.3, 20.5, 9.4
ppm; ESI-HRMS: calcd. for C,3H23N30,S,+Na 460.1129, found 460.1144.

4i 929% yield; R = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™ = +86.5 (c

= 1.04 in EtOH); 91:9 dr, 86% ee, determined by HPLC analysis [Daicel

NC._CN S0, chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t

7 (major) = 13.11 min, t (minor) = 11.21 min]; "H NMR (400 MHz, CDCl5):

S o =7.88-7.86 (m, 1H), 7.74 (dd, J = 1.2, 8.0 Hz, 1H), 7.42-7.35 (m, 1H),

7.23-7.15 (m, 2H), 7.12 (d, J = 4.8 Hz, 2H), 4.53 (d, J = 9.6 Hz, 1H), 3.63 (qd, J = 4.0, 8.8 Hz,

1H), 3.47-3.42 (m, 1H), 3.20 (dd, J = 4.0, 13.6 Hz, 1H), 3.06 (dd, J = 4.0, 13.6 Hz, 1H), 2.59 (s,

3H), 2.38 (s, 3H), 1.35-1.24 (m, 2H), 1.17-1.04 (m, 2H), 1.00-0.90 (m, 3H), 0.89-0.83 (m, 3H),

0.81 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCl3): & = 171.9, 143.6, 138.4, 133.6, 133.2,

131.2, 130.1, 129.6, 129.1, 127.3, 126.9, 126.0, 124.9, 112.7, 112.6, 53.4, 45.5, 33.7, 31.3, 26.5,

26.0, 24.8, 22.3, 21.2, 20.5 13.9 ppm; ESI-HRMS: calcd. for C,sH,5N30,S,+Na 516.1755, found
516.1741.

4j 97% yield; Rs = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™ = +263.3 (c =

2.02 in EtOH); 84:16 dr, 97% ee, determined by HPLC analysis [Daicel

NC._cN so, chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) =

31.32 min, t (minor) = 11.97 min]; 'H NMR (400 MHz, CDCl;): & = 7.92 (d, J

S =8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.40 (t,J=7.6 Hz, 1H), 7.24 (d, J= 8.0

Hz, 1H), 7.21-7.14 (m, 2H), 7.12 (s, 1H), 4.50 (d, J = 8.8 Hz, 1H), 3.67-3.60 (m, 1H), 3.49-3.45

(m, 1H), 3.16 (dd, J=4.0, 13.6 Hz, 1H), 2.94 (dd, J=4.4, 13.6 Hz, 1H), 2.59 (s, 3H), 2.38 (s, 3H),

1.45-1.31 (m, 2H), 0.88-0.83 (m, 1H), 0.66 (d, J = 6.8 Hz, 3H), 0.32 (d, J = 6.4 Hz, 3H) ppm; "°C

NMR (50 MHz, CDCl3): 6 = 172.4, 143.8, 136.4, 136.3, 133.6, 133.2, 131.4, 130.2, 129.5, 127.3,

126.6, 126.5, 126.2, 124.9, 112.9, 112.7, 63.1, 52.2, 46.0, 43.7, 26.1, 24.0, 23.2, 21.1, 20.7, 20.4
ppm; ESI-HRMS: calcd. for C,5H27N30,S,+K 504.1182, found 504.1186.

4k 84% yield; R¢ = 0.1 (petroleum ether/EtOAc = 20:1); [a]p>’ = +45.9 (¢ = 0.70 in EtOH); 82:18
dr, 96% ece, determined by HPLC analysis [Daicel chiralcel AD, n-hexane/i-PrOH = 80/20, 1.0
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mL/min, A = 254 nm, t (major) = 8.96 min, t (minor) = 15.54 min]; '"H NMR

(400 MHz, CDCls): & = 7.92-7.90 (m, 1H), 7.67 (dd, J = 1.2, 8.4 Hz, 1H),

Nc__on 4o,  7:40-7.36 (m, 1H), 7.20-7.11 (m, 7H), 6.84-6.82 (m, 2H), 4.69 (d, J =9.2 Hz,

iy 1H), 3.68 (qd, J = 4.0, 9.2 Hz, 1H), 3.58-3.54 (m, 1H), 3.22 (dd, J = 4.0, 13.6

Hz, 1H), 3.03 (dd, J = 4.0, 13.6 Hz, 1H), 2.63 (s, 3H), 2.55-2.48 (m, 1H), 2.39

O (s, 3H), 2.29-2.22 (m, 1H), 1.72-1.62 (m, 1H), 1.55-1.46 (m, 1H) ppm; “C

NMR (50 MHz, CDCl3): & = 171.7, 143.9, 140.0, 138.2, 136.3, 138.2, 133.7, 133.3, 131.1, 130.0,

129.6, 128.5, 128.2, 128.0, 127.2, 127.0, 126.2, 125.0, 112.8, 112.7, 83.1, 53.4, 44.9, 35.3, 31.3,
28,1, 21.3, 20.5 ppm; ESI-HRMS: calcd. for C,9H»7N30,S,+Na 536.1442, found 536.1415.

41 89% yield; Ry = 0.1 (petroleum ether/EtOAc = 20:1); [o]p™ = +86.3 (c =
0.96 in EtOH); 90:10 dr, 97% ee, determined by HPLC analysis [Daicel

NC._CN SO, chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) =

HN
&H 48.35 min, t (minor) = 42.14 min]; '"H NMR (400 MHz, CDCl;): & = 7.80 (d,
S o J=28.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.39-7.32 (m, 4H), 7.29-7.26 (m,

K@ 2H), 7.18 (d, J = 8.0 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.07-7.04 (m, 2H),

5.83 (d, J=9.2 Hz, 1H), 4.55 (d, J = 11.6 Hz, 1H), 4.41 (d, J = 11.6 Hz, 1H),

3.76-3.72 (m, 1H), 3.61-3.52 (m, 3H), 3.23 (t, J = 2.4 Hz, 2H), 2.48 (s, 3H), 2.36 (s, 3H),

1.66-1.60 (m, 2H) ppm; °C NMR (50 MHz, CDCl;): & = 172.1, 143.7, 136.6, 137.3, 136.7, 135.7,

133.7, 133.2, 131.4, 129.7, 128.6, 128.2, 128.0, 127.0, 126.8, 125.5, 124.7, 112.8, 112.6, 83.6,

73.5, 66.5, 51.5, 43.6, 31.8, 26.6, 21.3, 20.3 ppm; ESI-HRMS: calcd. for Cs;oH3N3;03;S,+H
544.1729, found 544.1727.

4m 86% yield, 88:12 dr (by 'H NMR analysis); Rf = 0.1 (petroleum
ether/EtOAc = 15:1); [a]p’ = +27.5 (¢ = 0.76 in EtOH); 94% ece,

NC N _so, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH =
&/‘\L 80/20, 1.0 mL/min, A = 254 nm, t (minor) = 17.04 min, t (major) = 49.33
S min]; '"H NMR (400 MHz, CDCls): § = 7.89 (d, J = 7.6 Hz, 1H), 7.40-7.35

S
\© (m, 2H), 7.29-7.22 (m, 3H), 7.17 (d, J = 8.0 Hz, 1H), 7.13-7.06 (m, 4H),
7.03 (t, J = 8.0 Hz, 1H), 4.85 (d, J = 9.2 Hz, 1H), 3.77 (qd, J = 2.8, 9.6 Hz, 1H), 3.49-3.45 (m, 1H),
3.19 (dd, J = 3.6, 13.6 Hz, 1H), 2.98 (dd, J = 3.6, 13.6 Hz, 1H), 2.78-2.72 (m, 1H), 2.59 (s, 3H),
2.49-2.42 (m, 1H), 2.37 (s, 3H), 1.77-1.68 (m, 1H), 1.49-1.42 (m, 1H) ppm; *C NMR (50 MHz,
CDCLy): & = 171.5, 144.6, 138.5, 136.7, 136.5, 135.4, 134.3, 133.8, 130.6, 130.4, 130.0, 129.5,
127.6, 127.1, 125.5, 113.2, 113.1, 53.1, 45.2, 33.8, 30.1, 28.6, 21.8, 21.0 ppm; ESI-HRMS: calcd.
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for C29H27N3OQS3+N3 568.1 163, found 568.1162.

4.2 Asymmetric anti-stereoselective AVM reaction.
a,a-Dicyanoolefin 2 (0.1 mmol), alkylimine 3 (0.12 mmol), catalyst 1f or 1d (0.01 mmol) and 4
A MS (30 mg) in dry mesitylene (0.2 mL) were stirred at room temperature (25 °C). After

completion, the reaction mixture was subjected to flash chromatography to give anti-adduct 5 or 6.

5a 50% yield; Rt = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™ = +26.6 (C =
0.60 in EtOH); 80:20 dr, 61% ee, determined by HPLC analysis [Daicel
chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, A = 254 nm, t (major) =
7.88 min, t (minor) = 12.78 min]; "H NMR (400 MHz, CDCls): & = 7.55 (d, J
= 8.4 Hz, 3H), 7.41-7.39 (m, 1H), 7.28 (d, J= 8.0 Hz, 2H), 7.21 (d, J = 7.6 Hz,
1H), 7.11 (t, J = 7.6 Hz, 1H), 4.72 (t, J = 8.8 Hz, 1H), 3.69-3.62 (m, 1H), 3.51-3.47 (m, 1H), 3.41
(dd, J = 3.6, 14.4 Hz, 1H), 2.94 (dd, J = 4.4, 14.0 Hz, 1H), 2.45 (s, 3H), 1.60-1.52 (m, 1H),
1.49-1.42 (m, 1H), 1.33-1.25 (m, 1H), 1.20-1.13 (m, 1H), 0.81 (t, J = 7.2 Hz, 3H) ppm; *C NMR
(50 MHz, CDCl3): 6 = 171.1, 143.7, 138.1, 137.4, 133.5, 131.5, 129.7, 127.1, 126.8, 126.3, 125.0,
113.4, 83.6, 54.6, 44.8, 34.8, 283, 215, 17.6, 13.8 ppm; ESI-HRMS: calcd. for
C23H23N3Na0O,S;+Na 460.1129, found 460.1124.

5b 73% vyield; Rs = 0.1 (petroleum ether/EtOAc = 20:1); [a]p™’ = +65.7 (C =
0.50 in EtOH); 85:15 dr, 58% ee, determined by HPLC analysis [Daicel
chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) =
7.76 min, t (minor) = 11.06 min]; '"H NMR (400 MHz, CDCl;): & = 7.45 (d, J
= 8.0 Hz, 1H), 7.36-7.32 (m, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.19-7.16 (m, 2H),
7.01-6.96 (t, J = 8.4 Hz, 2H), 4.67 (d, J = 10.0 Hz, 1H), 3.70-3.62 (m, 1H), 3.47-3.38 (m, 2H),
2.95 (dd, J = 4.0, 14.0 Hz, 1H), 2.59 (s, 3H), 2.42 (s, 3H), 1.72-1.65 (m, 1H), 1.57-1.48 (m, 1H),
1.43-1.21 (m, 2H), 0.59 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCls): & = 171.1, 143.7,
137.3, 136.6, 136.1, 133.4, 133.3, 131.1, 129.1, 127.3, 127.0, 125.7, 124.8, 113.4, 54.5, 44.0, 35.2,
28.3, 21.3, 20.2, 17.2, 13.9 ppm; ESI-HRMS: calcd. for C,4H,5sN3NaO,S,+Na 474.1286, found
474.1278.

S5m 67% yield, 87:13 dr (by 'H NMR analysis); R = 0.1 (petroleum ether/EtOAc = 15:1); [a]p®’ =
-67.9 (¢ = 0.81 in EtOH); 52% ee, determined by HPLC analysis [Daicel chiralcel AD,
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n-hexane/i-PrOH = 60/40, 1.0 mL/min, A = 254 nm, t (major) = 6.90 min,
t (minor) = 8.11 min]; "H NMR (400 MHz, CDCl3): 6 = 7.51 (d, J = 8.0

NC_oN o, Hz, 1H), 7.38-7.33 (m, 2H), 7.32-7.29 (m, 2H), 7.27-7.21 (m, 3H), 7.18

HN
&Ak (dd, J = 0.8, 8.0 Hz, 2H), 7.03-6.97 (m, 2H), 4.79 (d, J = 10.4 Hz, 1H),
s~ 3.81 (qd, J = 3.2, 10.0 Hz, 1H), 3.56-3.51 (m, 1H), 3.35 (dd, J = 3.6, 14.4

S
\© Hz, 1H), 2.99-2.92 (m, 1H), 2.82-2.73 (m, 2H), 2.58 (s, 3H), 2.42 (s, 3H),
2.08-2.00 (m, 1H), 1.81-1.72 (m, 1H) ppm; °C NMR (50 MHz, CDCls): & = 169.8, 142.8, 136.3,
135.4, 134.9, 134.0, 132.4, 130.1, 128.7, 128.1, 127.3, 126.2, 126.1, 125.6, 125.2, 124.0, 112.2,
111.8, 82.5, 53.2, 44.2, 31.5, 28.4, 27.3, 20.3, 19.5 ppm; ESI-HRMS: calcd. for CaoHN30,S5+H
546.1344, found 546.1349.

6a 70% yield, 84:16 dr (by 'H NMR analysis); Ry = 0.1 (petroleum

ether/EtOAc = 15:1); [o]p"" = -50.5 (¢ = 0.60 in EtOH); 83% ee, determined by

NC_ CN S0, HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 70/30, 1.0 mL/min, A

= 254 nm, t (major) = 15.93 min, t (minor) = 11.24 min]; 'H NMR (400 MHz,

S CDCls): 6 = 7.38 (s, 1H), 7.35 (s, 1H), 7.33-7.30 (m, 4H), 7.19-7.14 (m, 4H),

6.96-6.93 (m, 1H), 4.68 (d, J = 9.6 Hz, 1H), 3.84-3.79 (m, 1H), 3.54-3.49 (m, 1H), 3.34 (dd, J =

3.6, 14.0 Hz, 1H), 3.04-2.98 (m, 1H), 2.85-2.78 (m, 2H), 2.54 (s, 3H), 2.32 (s, 3H), 2.22 (s, 3H),

2.12 (m, 1H), 1.83-1.74 (m, 1H) ppm; C NMR (50 MHz, CDCl3): § = 170.8, 142.4, 137.3, 136.0,

135.5, 134.6, 133.9, 133.2, 130.9, 130.6, 129.8, 127.3, 127.0, 125.5, 124.7, 124.5, 113.3, 112.9,

83.0, 55.2, 43.2, 28.1, 25.8, 19.9, 19.7, 19.1, 8.0 ppm; ESI-HRMS: calcd. for C30H29N30,S;+H
560.1500, found 560.1493.

6b 73% yield, 84:16 dr (by 'H NMR analysis); Ry = 0.1 (petroleum ether/EtOAc

= 15:1); [a]p™ = -157.1 (c = 1.05 in EtOH); 73% ee, determined by HPLC

NC_ CN _so,  analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 70/30, 1.0 mL/min, A = 254

[N nm, t (major) = 9.83 min, t (minor) = 6.68 min]; 'H NMR (400 MHz, CDCls): 6

s =7.34-7.30 (m, 2H), 7.19-7.15 (m, 3H), 6.91-6.87 (m, 1H), 4.59 (d, J = 10.4 Hz,

1H), 3.66-3.63 (m, 1H), 3.44-3.37 (m, 2H), 2.94 (dd, J = 4.4, 14.4 Hz, 1H), 2.57 (s, 3H), 2.33 (s,

3H), 2.18 (s, 3H), 1.95-1.88 (m, 1H), 1.68-1.61 (m, 1H), 1.00 (t, J = 7.2 Hz, 3H) ppm; C NMR

(50 MHz, CDCls): 6 = 170.8, 142.4, 137.3, 136.0, 135.5, 134.6, 133.9, 133.2, 130.9, 129.9, 127.3,

127.0, 124.5, 113.3, 112.9, 55.2, 43.2, 28.1, 25.8, 19.9, 19.6, 19.1, 8.0 ppm; ESI-HRMS: calcd. for
Ca4H25N30,S,+H 452.1466, found 452.1472.
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6¢c 60% yield, 85:15 dr (by 'H NMR analysis); Ry = 0.1 (petroleum

ether/EtOAc = 15:1); [a]p™’ = -17.5 (¢ = 0.59 in EtOH); 77% ee, determined by

NC_CN o, HPLC analysis [Daicel chiralpak IC, n-hexane/ i-PrOH = 70/30, 1.0 mL/min, A

[ X =254 nm, t (major) = 16.79 min, t (minor) = 10.57 min]; 'H NMR (400 MHz,

CDCls): 6 = 7.45-7.39 (m, 1H), 7.33 (s, 1H), 7.23 (t, J = 7.2 Hz, 2H), 7.19 (s,

1H), 7.08 (t, J = 7.2 Hz, 1H), 4.55 (d, J = 10.4 Hz, 1H), 3.46-3.38 (m, 1H), 3.34-3.29 (m, 1H),

2.93-2.79 (m, 2H), 2.61 (s, 3H), 2.35 (s, 3H), 2.18 (s, 3H), 2.12-2.04 (m, 1H), 2.02-1.95 (m, 1H),

1.93-1.84 (m, 1H), 1.64-1.53 (m, 1H), 1.01 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCls):

0=174.1,139.5, 136.0, 135.5, 134.5, 134.0, 133.2, 129.9, 129.1, 128.9, 127,3, 126.6, 126.4, 100.8,

56.1, 45.7, 25.9, 25.1, 24.9, 20.0, 19.6, 19.1, 8.1 ppm; ESI-HRMS: calcd. for C,sH,7N;0,S+H
434.1902, found 434.1908.

4.3. Synthetic transformations of the AVM adducts

Synthesis of p-amino compound 7

N \ " NHSO,Ar  KMnO,/MgSO, Q' NHSOAr
4d 95% ee, dr 86:14  Ar=24-Me,CoHs 7 95% ee, dr >99:1

A flask equipped with a magnetic bar was charged with 4d (43 mg, 0.10 mmol), KMnO, (0.25
mmol) and anhydrous MgSO, (0.20 mmol). Then acetone (1 mL) and water (one drop) was added
and the mixture was stirred at room temperature for 10 min. The mixture was concentrated and
flash chromatograph on silica gel (PE/AcOEt = 20:1) gave diastereomerically pure 7 as a white
solid (29 mg, 76% yield). Ri= 0.1 (petroleum ether/EtOAc = 30:1); [a]p™ = -11.2 (c = 0.90,
EtOH); 95% ee, determined by HPLC analysis [Daicel chiralpak AD, n-hexane/i-PrOH = 70/30,
1.0 mL/min, A = 254 nm, t (major) = 10.62 min, t (minor) = 12.27 min]; '"H NMR (400 MHz,
CDCl3): 8 =794 (d, J=6.8 Hz, 1H), 7.86 (t, J = 4.0 Hz, 1H), 7.48-7.44 (m, 1H), 7.29 (t, J = 4.0
Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 3.2 Hz, 2H), 4.88 (d, J = 8.8 Hz, 1H), 3.71-3.64 (m,
1H), 2.99-2.93 (m, 1H), 2.81-2.76 (m, 1H), 2.59 (s, 3H), 2.35 (s, 3H), 2.11-2.05 (m, 1H),
2.02-1.92 (m, 1H), 1.55-1.51 (m, 1H), 1.42-1.33 (m, 1H), 1.26-1.03 (m, 2H), 0.72 (t, J = 7.2 Hz,
3H) ppm; >C NMR (50 MHz, CDCls): & = 198.7, 143.8, 143.2, 136.6, 135.8, 133.5, 133.1, 132.7,
129.6, 128.7, 127.2, 126.7, 126.6, 54.6, 51.5, 35.4, 28.3, 25.7, 21.2, 20.4, 19.4, 13.5 ppm;
ESI-HRMS: calcd. for C,,H,7NO5S+Na 408.1609, found 408.1610.
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Synthesis of 6-amino compound 8

NC CN NC CN
| NHSO,Ar  Hantzsch ester NHSO,Ar
—_—
Et DCM/MeOH Et
S S
4h 97% ee, dr > 99:1 Ar = 2,4-Me,CgH3 8 98% ee, dr > 99:1

Hantzsch ester (158 mg, 0.6 mmol) was added to a stirred solution of diastereomerically pure
4h (44 mg, 0.1 mmol) in DCM/EtOH (1:1, 2 mL). The solution was stirred at 50 °C and monitor
by TLC. After 48 h, the mixture was concentrated and purified by flash chromatography on silica
gel (petroleum ether/AcOEt = 20:1) to give the reduced product 8 (42 mg, 95%) as a solid. R =
0.1 (petroleum ether/EtOAc = 13:1); [a]p™ = -6.6 (¢ = 0.28 in EtOH); 98% ce, determined by
HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major)
= 34.54 min, t (minor) = 22.19 min]; "H NMR (400 MHz, CDCls): 6 = 7.87 (d, J = 8.8 Hz, 1H),
7.27-7.25 (m, 1H), 7.24-7.21 (m, 2H), 7.16-7.12 (m, 3H), 4.61 (d, J =9.6 Hz, 1H), 4.55 (d,J=7.2
Hz, 1H), 3.68-3.60 (m, 1H), 3.44 (d, J = 7.2 Hz, 1H), 3.33 (dd, J = 4.0, 13.2 Hz, 1H), 2.96 (t, J =
12.8 Hz, 1H), 2.59 (s, 3H), 2.39 (s, 3H), 2.27-2.21 (m, 1H), 1.58-1.48 (m, 1H), 1.45-1.37 (m, 1H),
0.68 (t, J = 7.2 Hz, 3H) ppm; >C NMR (100 MHz, CDCl;): & = 144.1, 136.3, 134.0, 133.3, 132.6,
132.0, 131.1, 130.1, 129.7, 129.6, 127.2, 127.1, 112.6, 111.5, 56.3, 43.4, 40.8, 25.9, 24.2, 22.4,
21.2,20.4, 8.5 ppm; ESI-HRMS: calcd. for C,3H26N30,S,+H 440.1466, found 440.1470.

Synthesis of y-amino compound 9

SOLAr
NC._CN SO,Ar NC.__CN SO,Ar N N C
‘ HN Hantzsch ester HN m-CPBA, Cs,CO;3
—_— R nPr
nPr DCM/MeOH nPr MeOH, -20 'C
2d overnight
0 0 o
4c 89% ee, dr 1:1 9 90% ee, dr > 99:1

Compound 4¢ was reduced via the same procedure as above. Then the intermediate was directly
used in the next step. M-CPBA (23 mg, 0.15 mmol) and Cs,CO;3 (34 mg, 0.105 mmol) were added
to a solution of the obtained intermediate (44 mg, 0.1 mmol) in methanol (1.5 mL) at -20 °C for 8
h. Then the solvent was concentrated and flash chromatograph on silica gel (PE/AcoEt = 30:1)
gave the product 9 (15 mg, 37% yield for steps). Ry= 0.1 (petroleum ether/EtOAc = 30:1); [a]p™ =
-3.7 (c = 0.70, EtOH); 90% ee, determined by HPLC analysis [Daicel chiralcel OD,
n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t (major) = 7.36 min, t (minor) = 7.96 min];
'H NMR (400 MHz, CDCl3): § = 7.95 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 6.8 Hz, 1H), 7.19-7.15 (m,
2H), 7.10 (s, 1H), 6.93 (td, J =1.2, 7.6 Hz, 1H), 6.84 (dd, J = 0.8, 8.0 Hz, 1H), 4.55-4.50 (m, 1H),
4.32 (dd,J=4.0, 11.6 Hz, 1H), 3.89 (dd, J = 8.8, 12.0 Hz, 1H), 3.61 (d, J = 8.0 Hz, 1H), 2.99-2.92
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(m, 1H), 2.60 (s, 3H), 2.37 (s, 3H), 1.65-1.49 (m, 4H), 1.02 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75
MHz, CDCl3): & = 172.6, 154.2, 144.8, 137.6, 134.4, 133.2, 131.3, 130.5, 128.8, 127.0, 121.5,
116.8, 115.8, 63.0, 61.5, 42.0, 32.7, 32.0, 21.4, 20.3, 19.3, 14.2, 14.0 ppm; ESI-HRMS: calcd. for
CaH,sNO,4S+K 438.1141, found 438.1148.

Reference:

1. T. Ooi, Y. Uematsu and K. Maruoka, J. Am. Chem. Soc., 2006, 128, 2548.
2. H.-L. Cui, J. Peng, X. Feng, W. Du, K. Jiang and Y.-C. Chen, Chem.—Eur. J. 2009, 15, 1574.

5. Crystal data for syn-4m and anti-5m

Crystal data and structure refinement for syn-4m

Identification code syn-4m

Empirical formula C29 H27 N3 02 S3

Formula weight 545.72

Temperature 113(2) K

Wavelength 0.71070 A

Crystal system, space group Monoclinic, P 1211

Unit cell dimensions a=7.2498(8) A alpha=90 deg.

b=13.0008(15) A beta = 90.274(3) deg.
c=14.4114(18) A gamma = 90 deg.

Volume 1358.3(3) A3

Z, Calculated density 2, 1.334 Mg/m"3
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Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.48
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

0.305 mm™-1
572
0.14x0.12x 0.10 mm

3.13 t0 27.48 deg.

-9<=h<=9, -15<=k<=16, -18<=1<=18

16640 / 6100 [R(int) = 0.0516]

99.7 %

Semi-empirical from equivalents
0.970 and 0.942

Full-matrix least-squares on F"2

6100/1/340

1.031

R1=10.0389, wR2 = 0.0863
R1=0.0471, wR2 =0.0909
0.00(5)

0.194 and -0.305 e.A"-3

Crystal data and structure refinement for anti-5m

Identification code
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Empirical formula C29 H27 N3 02 S3
Formula weight 545.72
Temperature 93(2) K
Wavelength 0.71073 A
Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=9.2353(10) A  alpha =90 deg.

b=16.2177(18) A beta = 90 deg.
c=17.641(2) A gamma = 90 deg.

Volume 2642.2(5) A3

Z, Calculated density 4, 1.372 Mg/m"3
Absorption coefficient 0.313 mm*-1

F(000) 1144

Crystal size 0.40 x 0.40 x 0.27 mm

Theta range for data collection 3.19 to 27.48 deg.
Limiting indices -11<=h<=11, -21<=k<=16, -22<=]<=22

Reflections collected / unique 21830/ 6032 [R(int) = 0.0302]

Completeness to theta = 27.48 99.7 %

Absorption correction Empirical

Max. and min. transmission 0.9210 and 0.8849

Refinement method Full-matrix least-squares on F/*2
Data / restraints / parameters 6032/0/340

Goodness-of-fit on F*2 1.000

Final R indices [[>2sigma(])] R1=0.0305, wR2 =0.0716

R indices (all data) R1=0.0319, wR2 =0.0726
Absolute structure parameter -0.03(4)

Largest diff. peak and hole 0.280 and -0.249 e.A"-3
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6. NMR spectra and HPLC chromatograms
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XFSC H1 CDCI3 2008-3-10

Pulse Sequence: s2pul
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XFAT7 M1 COCIE  Z00B=9-9

Pulse Segquence: sZpul
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Rosnulee L GOGI3 2009-2-26
Pui -egquence: sipul
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0.254
0204
©
2
o
0.18] &
NC_ CN
5 HN/SOZ
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< ~
010 =
S
0054
rac-4a and 5a
0.00] ax N -
"loled ' Taed e " Tand  iond ool (o Yialed U Ciged ' Cieed T 'aolmd’ U boled T T
Minutes
RT Area Height | %
(mir | (uvisesy | A8 | V) [Height
1| 6.437 4383556 | 19.45 223860 32.01
2| 7.588|6786328( 30.05|234790( 33.57
3| 8.878 (4033748 ( 17.86 140036 20.02
417.884 | 7371276 32.64 |100638( 14.38
~~
0.50] 3
w

10.614

NC_ CN S0,
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S
4a
-« =
"asod " " "2000 " "20d " "aded "' " asod
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RT Area |, Height| %
(ming | vises) | A2 | ) | Heignt
1| 6.597 [138585777 | 14.32 |46B044 | 31.80
2| B.747 | 24B7804 3.24| 66759 454
310,614 (16616318 | 17.18 |411856 | 27.99
4|21.728 |50849316 | 65.26 | 524885 | 35.67
0.904
0.804
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0.60]
4 NC_ CN
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2
0.201 g N S
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10.435| 3003744 | 10.06| 50416 | 5.34
12.783| 6103173| 15.38 | 135368 | 12.17
21.851| 2845300 9.80 | 26182 2.35
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®MFSB0 HI CDC13  2009-3-27

Pulse Sequence: sipul
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HrEds ML COCI3  Jw08~10-2%
Pulse Sequence: sZpul
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WF48Z ML CDCI3  Zubs-d-.
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®KFS91 M1 CLLIZ  ebs=1u-g4
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XF599 H1 CDCI3  2009=d=/
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—7.83%

T v .818
-1

__\_l':lzl

—7.263

NC CN _SO

AN 2 _

|

49 [ [ / Z

J ! f S )'r IIIII S )'/ ) |
T s B T e e e,
10 9 8 7 [ 5 1 3 2 1 -0 ppm

octs 1.:1' o ;.:n 1o zj‘éf;‘:{s 0 SF;EE!;%‘.;“G

¥F610-CDLI-C13-2008-11-1%

PPN

NC_ _CN_ _SO
| HNTS 2

4g

||||||il|i|||T'l“I'!'l‘rl

MUW
l_lI'IllI|1I(II'IIlIillIIII'Ill\l[lllillll‘llli'[l'l"‘
00 180 180 170

\;i!‘l\!IIITTmTTI'I'TTI'rﬂTT'l'I'ITn_ﬁ'TrT
160 150 140 130 120 e P‘I,;l 2 " h ) it 51 + b1 0 e 0
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AU

0.18]
+
p
0.189 3y
0.14 ¥
0.12]
0.10]
. NC._CN _SO,
2 008 |
0.06]
0.04]
rac-4g
0.02]
0.00]
0.00 " sod " 10.00 "15.00 ‘w0 " " "280d " 3000 "a5.00 *ao.0d
Minutes
RT Area Height | %
(ming | (uvsec) | ® A2 [ vy |Height
1]10.074 | 4066877 | 49.44 |174157 | 46.04
2|11.147 | 41680968 | 50.56 | 159586 | 42.19
0.70 %
0.6
0.5
4 NC._CN _.SO
| HN"> 2
0.30]
0.20] 4
L)
0.1¢] 3
=)
0.00] -
20d ' 'and ' 'end | 'and ' otoled " izd " iabd o eod C debd | dobd | od20d " and ' oded
Minutes
RT Area Height | %
(mir) | (v*sec) | ° 42| () | Height
1110.563 363458 1.84| 20151 | 264
2(11.369 |19430224 | 98.16 | 741805 | 97.36
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WFEO§xx M1 COCI3  2008-6-9 ‘
Pulse Sequence: sZpul

NC._CN so,
| HN
S
4h
p
| J
rr |l 5o S
J—LU- (WE ‘- ~ !dik__/bl_k_—)l\ﬂu)nL rJ,
T1e s 8 7 e T s " s 2 1 "0 pem
087 102175 - PR RN TR saa
0.80 1.79 0.94 1.18 1.05 3.00 3.29

XFBOSUPXX-COCLI-C13~2008-8-8

L]
R4 T

il I Iy
NC._CN SO0,
| HN
|
[
S
4h
|
|
| l
I |
W *&J.-.—JM
190 80 170 180 150 140 130 120 10 100 a0 L1 To 80 50 4 kL] 20 10 L}

PPH
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AU

0.7
0.604
8
9
0.50] o
0.40
NC CN ,SO,
0.30]
0.20/
S
0.10]
rac-4h
0.0 -
200 ' ' 4od ' " bod o0 10.08 1200 14.00'
Minutes
RT Area N Height| %
(ming | (visec) | A | vy | Height
1| B.638 |19664883| 50.50 |689165| 59.09
2(12.356 | 19275793 | 49.50 |477125| 40.91
1.604
1.40
1.204
1.004
NC CN ,SO;
ER | HN
0.604
0404
S
0.20] 4h §
3
0 O —
" sod 0 apd T eod T Aed T Teded | Tazod T dod T T éod T 1eed
Minutes
RT Area Height | %
miny | (vrsesy | T4 () |Height
1| 8838| 1571918| 131| 62143| 367
212511 [66577040| 98.69 1628047 | 96.33
0.904
0.804
0.704
0.60]
0.501
5
< 0404
0.304
0.204
0104 é
o
0.0 T T
00 " a0 sod ' ' Bod ' ' 1dbod ' 1200 " a0 " 1od
Minutas
RT Area o Height| %
(min) | (visec) | # A2 | ) | Height
1| 8.604 |25106722| O6.80 876352 87.70
2|12.384| 828715 3.20| 20648| 2.30
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KFELT HI COUId  cwaB=1l-b

Pulse Sequence: s2pul

7,888
7.872

NC._CN so,
N

|
s |
4 |
|
|
i1} ] | | |
) |
g| | | |
ik ) | ':-"| it |
| TRl Wy
| I ll || !
| iy, -
LT A e U _ _
10 a 7 [ 5 L 3 2 1 ppm
067 p.amamse 10wz 0,76 2.9%.20 .47 228,58, 83
0.67 0.8° M0 .38 1.060.760.26 8.R" 039 2.359.8@.33
XF617-CDCLI-CI3-2008-11-12
2k o g e |
Lyl B et g i g e |
H B EEEERKKAEXE SEEXEESEELE
L= r‘f e o o e e e |

W

NC._CN SO,
I HN

4i

byl 5; I ]|H‘]]”

T I T

[|1I|l1III]][||['|||||]|TT‘|'|1|||||IIT'|IIlI|I'IlI‘[lTTIlIIII|1II'Illlll\"'l"l["l'l[ll'[l![III]III[]YIII[!I'II!I
z00 120 120 170 160 159 140 130 12y e IP.P'H n " Tt il 1 H L1 0 " L]

S40



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

AU

0.254
g
3
0.20+
015
NC._CN S0,
| HN
puu}
2
0104 8
g " ;
N rac-4i
0.05]
0.00] =
ood "' "800 " " Ti0ed " Ts00 " ‘ao0d "' "ased ' ' ‘aed " ‘ased T 'gled T
Minutes
RT Area Height | %
(mir) | (uv'sec) | A | vy |Height
1| 9.264 | 7634880 | 54.32|230362 | 64.50
212,506 | 3070084 | 21.85| 64872 18.18
314506 | 3348398 | 23.82| 61828 | 17.31
1.201
1.0
0.80-
NC._CN SO,
| HN
0.60
0.40H S
4i
0.20- o .
0.001 . -/\m .
' sod " sed 800 aod " 1.0 " 1ad “yaed T 1800
Minutes
RT Area Height | %
(min) | (visec) | A2 [ () |Height
1| 8.766 | 6508044 8.01| 197451 | 13.068
2|11.212 | 4717726 6.54 | 128240| 8.49
3113.112 |60957355 | B84.45|1185659 | 78.45

S41




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

KF581-COCLI-H1-2009-3-30
Pulse Sequence: s2pul

NC._CN SO,
HN

S
4
'lJJ L 3 “ { \ Ut_,h |
L FLLL W S - A AR I LM___J"IL—'H WL _zll_._J.lL_.
e e T e T P — T e
in0 9 8 7 6 5 4 3 2 1 ppm
Wow WL b et L b g et L G
0.73 0.00201818 0.85 0.91  0.8% 2,88 2.81 2.68.51 1.05
0,730,200 K35 022 1.1z 1.9 2.52 3.50 068 2.44

XF521-CDCL3~-C13-2008-10-28

114
NIy

|
“J‘v‘b“
|
st ae Tt L1 51 40 kL) 2. 10 o

190 120 170 160 150 4 130 12 110 W"
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120 3
-
0.8 lr__'l
NC._CN SO,
an | HN
Fl
045
S
o204 = .
& rac-4j 8
a
0004 /"\
and 0 sed 0 T waed 0 wnd 0 xed 0 T med 0 T amed | amed
g 1]
AT | ama Height | %
imiey | avmee) | ®A | mn [Heigh
1| 6953 26574243 4308|1436 | 5250
212004 2310770| G88| 137231| 6.55
313768 zroaToss | 4a18| 7Edgzd| a7z
s[nEaE| emi0| 688| sams| 28
0.60]
0.50]
0.40] NC CN SO,
| HN
2 030]
3 2 S
b .
™ .
0.20] o 4j
0.10] 2
o
0.00] =
ood " " sed T " Twed T T80 " 200d "7 "250d T 7 Taed ' "ased
Minutes
RT Area Height | %
(mirg | (v'sec) | 2™ [ vy | Height

9.961| 4611163 7.04 | 207482 | 19.78
11.868 | 864707 1.32| 27525| 2.62
13.731| 6119735 9.35 | 176580 | 16.83
31.326 | 53860683 | B82.28 | 637366 | 60.76

SN N R
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®FeS0 H1 COCI3  2009-4-1

W i Lt W ]
0.83 1.03 1.70 1.00 ©.38.53 2.808864
0.82 6.04 0.9% 1.00 0.58.40 ©0.28.25.0%

XFB50-COCL3-C13-2008-12-5
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AU

o™
0.22] g
0.20] 2
0.18]
0.16]
0.14]
0.12]
0.104
0.08] @
0.06 e
0.04]
0.02
0.004 T T &l
"land' ' 'sbdd sl ' ‘et ' dobd i2od " dsnd’ ' ded ' delnd ' Zood' ' Z20d " dend ' Zsn0 ' 2sld
Minutes
RT Area Height | %
(min) | (uvisec) | A2 | () [Height
1| 9.381 1481556 9.87 51023 10.28
212,985 | 6276642 | 40.61 |226804 | 44 88
3(15.392 | 6147718 | 39.78 |185668 | 38.72
4 [16.635 | 1167488 9.74 30014 | 6.12
Iy
1.004 4
i
0.80
0.60
0.40
0.20 % %4
o -
- = 3
: ) N AE
0.0 o N

N Y T L O Y Y B O L O B
200 4.00 .00 800 1000 12000 1400 16.00 1800 2000 2200 2400 2600 2800

Minutes
RT Area Height Y%
(min) | (uvsec) | 2R () |Height

-

8.957 |20685122 | B0.00 | 1054512 | 85.42
12.738 | 2436255 9.42| 96044 | 7.78
14.442 | 2287944 B.85| T1617| 5.80
15.541 | 446968 1.73 12267 | 0.99

E N
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w621 N1 CDCI3  2008-3-27

Prlve Sequence: sZpul

= semaunenas
EIRNSCRSREIoRZRTEEE NS
e e ]

-0.000

NC._CN SO,
HN

[
—_ e < e v T e r
10 9 8 7 E 5 4 3 z 1 ppm
T —— -
0.86 3_GE. QA8 0.%6 4 1.90 z.99
0.86 2.1518 0.9% 1.00 3. 3.00 1.30

lFBZI-C‘BCLﬂ-mS-l":-I 1-12

NC._CN SO,
| HN
S
4 OK@ 5 | :
|
by
! Iy | ||
) { AL
A Ttk hmadeade o Wi u‘ i g T
|IliIII)IIIIl[II(IIllIII'IIllli'lIlrlllliIl'illl'lilII'['il'lIIlll'I.i"ll"I;.'||Il:.ll'|‘ls!l'l'|ll'l'l'i[’I‘IIllzl'lfll1lnll'|'|

1820 180 170 169 150 140 130 120 ne 1P‘P'I| "
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AU

0.070
0.060-]
=
=]
0.050-] NC__CN o, a
0.040]
3 @ 0
< 0.030] ! a
= 2
0.020]
0.010]
0.000 - sz
pod ' ' 'sod "' dobd T isbd T T aed | Zshd | ' dokd T "dsad T dond T T dsod T ' dood | ssid
Minutes
RT Area Height| %
(miry | (uvsec) | A | (v | Height
1(20.080 | 4035133 | 27.29 |68348 | 41.60
2129110 | 4159647 | 28.13 147930 28.18
3 (42,146 | 3348648 226523772 | 14.47
4 149,635 | 3243466 | 21.93 |24232| 14.75
0.804
0.70]
0.60]
NC._CN SO,
I HN
0.50
0.404 S
41 o
0.3 K@
0.20] g
8 g
0.10] )
8 -
o~
=
Q00— A nAI = e .
ood " 'sod ' dod ' Tdsod | "z00d T zs00 ' dond | " dsod | T4o0d | 4sbd | Sond | ' ssod
Minutes
RT Area Height| %
(min) | (vesec) | A [ v | Height
1120.044 7666885 6.21 132244 | 13.13
2(28.983 5300806 429 72182 77
342144 1922562 1.56 | 16208 | 1.61
4148.355 (108553710 | 87.94 |[786225| 78.09
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mFals ma CDCly  2008-ii-11

Fulse Sequence: s2pul

NC_ CN S0,
| HN

: NETl ey
|

| .

_—=

¥ | 1 0 A
[ ___Jr'u___. ) ! e n_._.n\. — . .n\.... L. V,Irlum-. LT ALNUNS W A SR _-'iu\ R |
10 9 8 7 [ 5 4 3 2 1 ppm
2,118,738 1,08 0.48.591.07 1,25 1.231.03

XFBS0-COCL3-C13-2008-12-5

s  " %

(L]

NC_ CN
NSO

S S
am \©

| o

IYIII|III[IilIIIIIIKII[I!II'[I'{'II'[I|IItllI||Illl|rllllI|Il|rlIYII{II|Il|IIIIII'[IIIl]lll][llll'll1TY|Y'l_!Y]
200 (119 180 7o 180 150 140 130 120 na mlllzﬂ 80 Bo o BO 50 40 kL 20 1o ]
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0.10
0.08
.06
NC_ CN go
2 | HN™T 2
< 044 %
o)
[
0.0
- s s
2 4
- rac-4m
0.00 “'-‘i
ood "' 50d ' 1000 " iBad | 2000 ' '250d ' "%0.00' " 'ds0d ' "dodd T 4500’ | 'sbaod T “ssod | eodd
Minutes
RT Area Height | %
(miry | (uvsec) | A8 | 1wy |Helght
1]17.339 | 2575461 | 50.52 | 34141 [14.94
2534572294797 | 4948 | 11243 | 4.92
0.035]
I=]
0.030]
0.028]
NC_ CN go
0.020] ‘ HN- S0z
p=}
<
0015
S S
oot
© 4m \©
@«
0.005] ~
0.000] n/\. - .
000 10.0d R " abod " snod "' s00 " sbod '
Minutas
RT Area Height| %
(min) | (pvisec) | A2 | () | Height
1]17.168 | 279809 3.21| 3158 | 7.86
2|53.125 | 8436883 | 96.79 37033 | 92.14
0.804
0.704
0.60+
0.504
3 0.404
0.304
0.204
.10 2
o
0.00] S
0o ' 'sod ' dood | 1s0d | 200d | 2500 3000 3800 4000 4500 50.00 55.00
Minutes
RT Area Height | %
(miny | vsey [ ®A%2 | wvy | Heignt
1[16.724 |67870667 | 95.78 | 82acaa | 98.09
251468 | 2550320 | 4.22| 16062| 1.81
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XFETI0W M1 CIG1Y  2008=12=1%

Pulse Sequence: $2pul

o |
! :‘-..._.ln_l-i_)_‘\\....!'\.__)‘wb. VRS |

10 9 8 7 B 5 4 3 2 1 -0 ppm

4,9%.342.00 118 1.16  2.15 2.9% 1.3
1.%2.74 1.00 146 1.18 3.00 1.4%

XF738DW-COCL3-C13-2008-3-18

PPN

LR N N L L L B B L B R R R R N R R RN RS LR
180 180 170 180 150 140 130 120 1o ”gPH 80 80 70 60 50 40 a0 20 10 0
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1.20 1 g
Fe
[
|
1.00] ‘ ||
080 “ ‘|
2 peo | ‘ |
" el
| |
‘ | | |
020 | \
AR
[\ ]
|
0.0 g
" owed U7 apdt T Bad " oo "ot 7 dod "apd " tkod
hinutes
RT Area H eight %
(min | o *see) | | iy | Height
1 |6.454 (20161004 49 96 (1315004 | 5527
2|7 726 |20196074 S004 064126 | 4473
01904
050
0.70]
0604
0 504
T g0
0304
0204
010
0.0 —_—
oo el T Eoo' T wne’ T Emo' T end T Fad T o' T Boe' T Tiond T Triod T aad
hinutes
RT Ares Height )
(mig | v rseey | PO | cwy | Height
1 |6.895 (11736054 7582 (879265 | 7512
218114 | 3723044 24 .05 |246295 | 21.85
2.50]
2 001
150
T 1.0
5m
050+ after recrystallization o
@
0 00 N |
050
T e T Taod T e T end " dood " znd
hirutes
RT Area Height %
emin | (@ ssec) | T (w) |Height
1| B.580 (52879545 | 9831 (2746561 (9844
2| s3s2| so7zs1| 163| 4431a| 159
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WF9I2unew ML Lw 1l 20ns 3-31 i

Pulse Sequence. sipnl |

nnnnnnnnnnnnnnnn

il / IR,
|
Lo )| )\.M_ALLMLMUL,LJL_JL_
"o s 8 7 R 3 2 1 o ppm

1.00 1.08 1.97 2.64.44

XF8220W-COCLA-C13-2008-5-31

siisiniolaicl
Seerzieeeies
e e e e e o e e e e e

'|'|||l|ll'lil'[lllI||i!l'[illIil|rI|TIII|IIITI'|'1_|_FII|II!ITII[IIIIIIIII!III

LERERRE RN ARAE LERRE RN LR
1830 180 170 180 150 140 130 120 1o ml‘?’ﬂ a0 80 70 B0 <80 . 40 0 20 10 []
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0124

L)

0.04+

0.024

0.00
"'200 " sbd ' od | add dood 4200 00 ' ded Tveod zood ‘2200 '2s0d 'dend 2eod |
Minutes
RT Area Height | %
(min) | (uvisec) | A2 | vy |Height
1]10.898 | 5082625 | 51.16 | 134644 | 56.50
215474 | 4860838 | 48.84 |103660 | 43.50
0.30]
0.25]
020
- 015
<
0104
L)
&
0.054 /“:\
0.00. ¥
00 ' " dod " " eod " " sod T Ti0ed T dod T Tadod T Tidod T Teeod '
Minutes
RT Area Height| %
(min) | (iv*secy | A8 | vy | Height
1(11.243| 1340318 8.70| 422701232
2(15.828 | 14072018 | ©1.30 |300904 | B7.68
03

0.204

't "iood

T
12

Y R S P ]
00 14.00 16.00 18.00 20.00

400 &.0d d00
Minutes
RT Area Height [ %
(min) | (vesee) | AR [ (W) | Height
1[10.906 36275 0.26| 1864| 0.85
2|16.270|139818656 | 99.74 | 284231 99.35
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0.204

0184

0.16)

014

0124

0.104

AU

0.08+

0.06

0.04+

0.024

>15_302

0.00

= = L] )

2,00 400 600 sod ' '100d | 1200 " "1ded ' " e0d | 1sed
Minutes

RT Area 9, Area Height | %

(mir) | (p\V*sec) (uV) [Height
10.803 [ 7327534 | 90.64 | 195438 | 91.58
15.302 | 756818 9.36 | 17968 | 8.42

%]

.40+

0,355

0.30+

0.25+

0.20+

AU

0154

ent-6a
after recrystallization

0,10+

0.05+

16.959

0.0 J ]

O O RO Y O BT OO DO O B U RO
200 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 2400
Minutes

RT Area % Area Height | %
(min) | (uW*sec) | (W) | Height

11.626 | 22822568 | 96.84 | 399778 | 85.91
16.958| 745746 3.16| 170681 4.09

[
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KFIA5ew-COCLI-H1=-2009-6-15

Pulse Sequence: sZpul

i

] JM | );JU_%LLJ

10 9 8 7 6 5

1 T
2 1 o ppm
B b o e et
1.78  0.90 1.00 1.04 2.51 1.1% 5.63
2.17 1.82

0.99 2.02 2.64 2.53 2.99

XF815DW-COCLI-C13-2008-6-4

PPH

— 43221

||||;|l||||||!|ii||||||Illl.l|l||||l|||’1lii|ll||||||l||||||||rt[|||1|11—r1||||.sln..l|illlll”llll'lllll”lT.

200 180 180 170 160 150 140 130 120 1o 80 B0 70 B0 40 a0 20

100
PPM

S55



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

0.100
0,080
0.080]
oaro]
0.0604 3
o
0050
p]
<
0040
0030 ]
0020
oa0io]
0.000] -
"Uaod ' Cad " 'eod’ | "sbd T ood T izioo’ a0 T ieod ' dsd T zood | 220d ' 24d  2ed
Minutes
RT Area Height| %
(miny | (uvsec) | 242 | vy | Height
1|6.660 | 2194065 | 51.95|95015| 64.01
2(8.840 | 2029149 | 48.05|53429 | 35.99
0.9
0.804
0.70
0.604
0.50
=}
< 040]
g
030] b=
0.204
0.107
0.00] —
"2 " wod " Teod T Taod " dood "7 f2ed
Minutes
RT Area Height [ %
(min) | @v*sec) | ® A2 (1) [ Heigh
1]6.680 | 5602410| 13.45|261840 | 22.42 ~
20827 |36061467 | 86.55 |006224 | 77.58
0.060
0.050+
0.040+
0.030+
5
2
0.020+
0.0104
= 6b
2 after recrystallization
a.aaa-;_____é__p«k—__,l%—_—a—r
' ' ‘2 00 I4 Gd ' ' ‘ﬁ.CICII ' ' 8.00 ‘I|C|.C|C|| ' 1‘2.00‘
Minutes
RT Area Height| %
(min) | wisec) | A2 | () | Heigh
1|5851| 35184| 165 2235| 374
2|9.070 | 2004533 | 98.35| 57486 | 96.26
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AU

AU

1.20+
1.004
0.80
0.60
0.4
=+
2
0.20] o
0.0 ~ . n/\—,—__
e T e e o e B Pow R
Minutes
RT Area Height %
(min) | (pv*sec) | A2 vy | Height
1|6.296 25201843 | 84.77 (1310874 | 89.21
2(9.044 | 4528893 | 1523 | 158521 | 10.79
160
140
1209
1.00
0.80]
0.60-
0.404 ent-6b
after recrystallization
0.20]
0.0 -
2,00 "oued .00 " obed 10.00 " 1200 " 100 16.00
Minutes
RT Area Height %
(mirg | (uV*sec) | 2 A3 | () | Height
1|6.630 |38352376 | 100.00 | 1665692 [100.00
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A RARRNRERREREERS RRRRE LSRN
200 180 180 170 180 150 140 130
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0.040-
0.035
0030 8
~
0025
32 o020
0015
0.010]
0.005]
0.0004
" ded U ded " dod T " dod T Tedod T Tadod T Tedod T Teéod ' Tidod
Minutes
RT Area Height| %
(miny | (pvsec) | % A8 | (v | Height
110,572 | 1110421 | 50.80 |39553 | 61.62
2|17.108 | 1075280 | £8.20 |24637 | 38.38
0.0804
0.070
0.060]
0.0504
2 0040
0.030]
§
0.020] =l
0010
0.000 :.r
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Pulse Sequenie: sipul
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AFTZIRe H1 CDGI3  2009-i-1e
Pulse Seguence: s2pul
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