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1. General Experimental :

General Methods. 'H, 1*C, NMR spectra were recorded on a Varian AS 300, Bruker 400 and 600
spectrometer. Chemical shifts (8) are reported in ppm relative to residual solvent signals for 'H
and C NMR (1H NMR: 7.26 ppm for CDCl3; '3C NMR: 77.0 ppm for CDCl;. 3*C NMR
spectra were acquired with 'H broad band decoupled mode. DMSO-d6 (referenced to 2.52 and
3.35 ppm for 'H and 40.0 for '3C). Coupling constants (J) are in Hz. Multiplicities are reported as
follows: s, singlet, d, doublet, dd, doublets of doublets, t, triplet, q, quartet, m, multiplet, c,
complex, and br, broad. Melting points were determined using a Stuart scientific melting point
apparatus and are uncorrected. Infrared spectra (IR) were recorded as KBr disc using a Bruker
Tensor27 FT-IR instrument. Absorption maximum (V;,,x) Was reported in wave numbers (cm™')
and only selected peaks are reported. High resolution mass spectra were obtained on a Waters
Micro mass LCT and low resolution mass spectra were recorded on Waters Micro mass Quattro
LC-MS spectrometers at 70 eV. Tetrahydrofuran was freshly distilled over sodium
benzophenone prior to use according to standard procedure. All other reagents and solvents were
used as purchased from Aldrich. Reactions were checked for completion by TLC (EM Science,
silica gel 60 F254). Flash chromatography was performed using silica gel 60 (0.040-0.063 mm,
230-400 mesh).

The enantiomeric excess (ee) of the products was determined by chiral stationary phase HPLC
(Daicel Chiralpak AD, Daicel Chiralpak AD-H Chiracel OJ, Chiracel OD, Chiralpak AS

columns), using a UV detector operating at 254 nm. Retention factors (Rf) are reported to +0.05.



Racemic samples were prepared using tetra-N-butylammonium bromide as a catalyst at room
temperature overnight. 3-Methyl-4-nitro-styrylisoxazoles were prepared through the
Knoevenagel condensation between 3,5-dimethyl-4-nitroisoxazole and the appropriate aromatic

or heteroaromatic aldehyde (piperidine 0.1 equiv., EtOH, 65 °C, 2-3 hours).!

2. General procedure for the organocatalytic, enantioselective preparation of compounds

3a-m (Table 2).

To a test tube equipped with a magnetic stirring bar were sequentially added the 5-
styrylisoxazole 1a-m (0.1 mmol), catalyst 61 or é6m (0.01 mmol, 10 mol% loading),
ethylisocyanoacetate (0.5 mmol, 5 equiv.) and toluene (0.5 mL). The test tube was placed at -
20°C, then finely ground K,CO; (0.5 mmol) was added in one portion. The mixture was then
vigorously stirred at the same temperature, with no precautions to exclude moisture or air. After
the stated reaction time, the reaction was filtered on a short plug of silica gel to remove the
catalyst, the solvent and un-reacted ethyl isocyanoacetate evaporated in vacuo and the residue

purified by flash chromatography to give compounds 3a-m as a 1:1 mixture of diastereoisomers.

3. Analytical data for compounds 3a-m

(3R)-ethyl 2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenylbutanoate (3a).Following
the general procedure using catalyst 61 (6 mg, 0.010 mmol, 10 mol%) for 78h at -20° C. The
product was purified on silica gel (ethyl ether/petroleum ether 50:75) dried and the title
compound was obtained in 88% yield (dr 1:1) as yellow oil. IR 2985, 2148, 1754, 1520; 'H

NMR (CDCls, 300 MHz) & 7.35-7.27 (m,10H), 4.64 (d, J= 4.5, 1H), 4.52 (t, = 2.4, 1H), 4.26-
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4.19 (dq, J= 7.2, = 14.4, 2H), 4.17-4.10 (dq, J= 6.9, J= 14.1, 2H), 4.02-3.90 (m, 4H), 3.78-3.65
(m, 2H), 2.52 (s, 3H), 2.48 (s, 3H), 1.24 (t, J= 7.2, 3H), 1.51 (t, J=7.2, 3H); *C NMR (CDCl,,
100.6 MHz) & 171.3, 171.2, 164.9, 164.6, 163.6, 163.2, 155.8, 155.6, 135.9, 134.8, 129.2, 129.0,
128.9, 128.9, 128.1, 127.7, 63.3, 63.0, 61.8, 61.0, 44.8, 44.1, 30.2, 28.6, 14.0, 13.9, 11.6, 11.6.

HRMS found: [M-H]- 342.1082, C;7H¢N30Os, requires: 342.1090; m/z: 342 (100%, [M-H]).

(3R)-ethyl 2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)-3-p-tolylbutanoate (3b).

Following the general procedure using catalyst 61 (6.0 mg, 0.010 mmol, 10 mol%) for 52 h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 91% vyield (dr 1:1) as yellow oil. IR 2974, 2136, 1744, 1510; 'H
NMR (CDCl;, 400 MHz) & 7.10 (d, J= 8, 4H), 7.05 (d, J=7.6, 4H), 4.52 (d, J= 4.4, 1H), 4.40 (d,
J=3.2, 1H), 4.40-4.09 (m, 2H), 4.06 (dq, J= 7.2, J= 14.4, 2H), 3.90-3.81 (m, 4H), 3.65-3.57 (m,
2H), 2.44 (s, 3H), 2.40 (s, 3H), 2.24 (s, 6H), 1.17 (t, J= 7.2, 3H), 1.09 (t, J= 7.2, 3H); *C NMR
(CDCl3, 100.6 MHz) & 171.44, 171.3, 165.0, 164.6, 155.7, 155.6, 138.8, 138.7, 132.7, 131.6,
129.8, 129.6, 127.9, 127.5, 63.3, 63.0, 62.0, 61.0, 44.4, 43.8, 30.3, 28.6, 21.1, 21.1, 13.9, 11.6.

HRMS found: [M-H]- 356.1251, C;gH§N;Os, requires: 356.1246; m/z: 356 (100%, [M-H]").

(3R)-ethyl 3-(4-chlorophenyl)-2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)butanoate (3c¢).
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Following the general procedure using ethylisocyanoacetate and catalyst 6m (5.76 mg, 0.010
mmol, 10 mol%) for 58h at -20°C. The product was purified on silica gel (ethyl ether/petroleum
ether 50:75) and the title compound was obtained in 85% yield (dr 1:1) as yellow oil. IR 2982,
2136 1746, 1518; 'H NMR (CDCls, 300 MHz) & 7.26-7.7.23 (m, 4H), 7.22-7.17 (m, 4H), 4.54
(d, J=4.4, 1H), 4.42 (d, J=4.8, 1H), 4.17 (dq, J= 6.8, J= 0.8, 2H), 4.07 (q, J= 6.8, 2H), 3.92-3.80
(m, 4H), 3.65-3.60 (m, 2H), 2.45 (s, 3H), 2.41 (s, 3H), 1.20 (t, J= 7.2, 3H), 1.10 (t, J=7.2, 3H);
13C NMR (CDCl;, 400 MHz) & 170.9, 170.7, 164.7, 164.3, 155.8, 155.7, 137.1, 135.1, 134.9,
134.3, 133.2, 132.9, 129.5, 129.4, 129.2, 129.1, 63.5, 63.2, 44.0, 43.5, 30.2, 28.4, 13.9, 11.6;

HRMS found: [M-H]- 376.0710, C;7H,5CIN;3Os, requires: 376.0700; m/z: 376 (100%, [M-H]").

(BR)-ethyl 2-isocyano-3-(2-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl) butanoate

(3d).

Following the general procedure using catalyst 6m (5.76 mg, 0.010 mmol, 10 mol%) for 120h at
-20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 83% yield (dr 2:1) as yellow oil. IR 2999, 2153, 1737, 1510; 'H
NMR (CDCI3, 400 MHz) 6 7.02-7.163 (m, 4H), 7.10-7.07 (dd, J= 1.2, 2H), 6.83-6.76 (m, 6H),
4.75 (d, J=6.8, 3H), 4.18-4.09 (m, 5H), 4.08-4.03 (q, J= 4.4, J=11.2, 4H), 3.96 (dd, J=10.4, J=
14.8, 2H), 3.85 (dd, J= 9.8, J= 14.9, 1H), 3.78 (s, 6H), 3.75 (s, 3H), 3.60 (dd, J= 4.8, J= 14.8,
3H), 2.41 (s, 3H), 2.39 (s, 6H), 1.16 (t, J= 7.2, 3H), 1.08 (t, J= 7.2, 6H); '3C (CDCl;, 100.6 MHz)
d171.9,171.8, 165.3, 165.3, 162.0, 161.8, 157.0, 157.0, 155.5, 155.5, 129.9,129.9, 129.3, 129.2,
123.4, 123.3, 121.0, 120.9, 110.9, 62.9, 62.8, 59.7, 59.2, 55.4, 55.4, 41.0, 40.3, 28.8, 27.4, 13.9,
13.8, 11.6; HRMS found:[M-H] 372.1200, C,sHsN3Og, requires: 372.1196; m/z: 372 (100%,

[M-H]).



(3R)-ethyl 3-(4-fluorophenyl)-2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)butanoate (3e).

Following the general procedure using catalyst 6m (5.76 mg, 0.010 mmol, 10 mol%) for 26h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 93% vyield (dr 1:1) as yellow oil. IR 2972, 2155, 1746, 1518; 'H
NMR (CDCI3, 400 MHz) & 7.24-7.20 (m, 4H), 6.98-6.93 (m, 4H), 4.55 (d, J=4.4, 1H), 4.41 (d,
J=4238, 1H), 4.16 (dq, J= 1.2, J= 7.2, 2H), 4.07 (dq, J= 1.2, J= 7.2, 2H), 3.93-3.80 (m, 4H), 3.65-
3.61 (m,2H), 2.45 (s, 3H), 2.41 (s, 3H), 1.19 (t, J=7.2, 3H), 1.09 (t, J=7.2, 3H); 13C (CDCl;,
100.6 MHz) o 171.0, 170.9, 164.8, 164.4, 155.8, 155.7, 130.0, 129.9, 129.6, 129.5, 116.3,
116.1, 115.9, 63.4, 63.1, 44.0, 43.4, 30.4, 28.7, 13.9, 11.5; HRMS found:[M-H] 360.0989,

C17H15FN30s, requires: 360.0996; m/z: 360 (100%, [M-H]).

(38)-ethyl 3-(furan-2-yl)-2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)butanoate (3f).

Following the general procedure using catalyst 61 (6 mg, 0.010 mmol, 10 mol%) for 183h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 91% yield (dr 1:1) as yellow oil. IR 2994, 2158, 1745, 1533; 'H
NMR (CDCl;, 400 MHz) & 7.3-7.29 (m, 2H), 6.25 (t, J= 1.6, 4H), 4.6 (d, J= 4.8, 1H), 4.51 (d, J=
4.4, 1H), 4.25-4.16 (m, 4H), 4.03-4.00 (m, 2H), 3.85-3.73 (m, 2H), 3.63-3.54 (m, 2H), 2.48 (s,
3H), 2.46 (s, 3H), 1.25 (t, J= 7.2, 3H), 1.20 (t, J= 7.2, 3H); 3C (CDCl;, 100.6 MHz) & 170.9,
170.7, 164.6, 164.4, 163.5, 163.3, 155.8, 155.7, 149.0, 148.3, 143.2, 143.2, 110.7, 110.6, 109.2,
108.9, 63.5, 63.3, 59.7, 59.5, 39.0, 38.9, 29.7, 28.6, 27.2, 13.9, 11.6; HRMS found:[M-H]

332.0891, CsH4N30g, requires: 332.0883; m/z: 332 (100%, :[M-H]).



(3R)-ethyl-2-isocyano-3-(4-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)butanoate (3g).

Following the general procedure using catalyst 6m (7.56 mg, 0.010 mmol, 10 mol%) for 48h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 85% yield (dr 1:1) as yellow oil. IR 2994, 2156, 1753, 1520; 'H
NMR (CDCl;, 400 MHz) 6 7.15-7.13 (m, 4H), 6.78-6.75 (m, 4H), 4.51 (d, J=4, 1H), 4.39 (d, J=
3.2, 1H), 4.39-4.12 (m, 2H), 4.09-4.04 (m, 2H), 3.86-3.83 (m, 4H), 3.71 (s, 3H), 3.70 (s, 3H),
3.61-3.56 (m, 2H), 2.44 (s, 3H), 2.40 (s, 3H), 1.81 (t, J= 7.2, 3H), 1.10 (t, J= 7.2, 3H); 13C
NMR(CDCl;, 100.6 MHz) 6 171.4, 171.3, 165.0, 164.6, 163.4, 163.0, 159.9, 159.8, 155.7, 155.6,
129.2, 128.9, 127.6, 126.5, 114.5, 114.3, 63.2, 63.0, 62.0, 61.1, 55.3, 55.2, 44.1, 43.5, 30.4, 29.7,
28.7, 13.9, 13.9, 11.6, 11.6; HRMS found:[M-H]- 372.1201, C;gH§N3O¢, requires: 372.1196;

m/z: 372 (100%, [M-H]).

(3R)-ethyl 2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)-3-m-tolylbutanoate (3h).

Following the general procedure using catalyst 61 (6.00 mg, 0.010 mmol, 10% mol) for 22h at -
20° C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 87% yield (dr 1:1) as yellow oil. IR 2992, 2155, 1753, 1520; 'H
NMR (CDCl;, 400 MHz) ¢ 7.16-7.11 (m, 2H), 7.04-7.01 (m, 6H), 4.52 (d, J= 4.4, 1H), 4.42 (d,
J=4.4, 1H), 4.15 (dq, J= 7.2, J= 0.8, 2H), 4.10-4.04 (m, 2H), 3.86-3.83 (m, 4H), 3.64-3.58 (m,
2H), 2.45 (s, 3H), 2.41 (s, 3H), 2.25 (s, 6H), 1.17 (t, J= 6.8, 3H), 1.08 (t, J= 7.2, 3H).!3C NMR
(CDCl;, 100.6 MHz) 6 171.4, 171.2, 165.0, 164.6, 155.8, 155.6, 138.9, 138.6, 135.8, 134.7,

129.7, 129.6, 129.0, 128.8, 128.4, 125.1, 124.7, 63.3, 63.0, 44.7, 44.1, 30.2, 28.55, 21.4, 21.39,



13.9, 11.6; HRMS found:[M-H]- 356.1237, C;sHgN3Os, requires: 356.1246; m/z: 356 (100%,
[M-H]).

(3R)-ethyl2-isocyano-4-(3-methyl-4-nitroisoxazol-5-yl)-3-(4-nitrophenyl)butanoate (3i).

Following the general procedure using catalyst 61 (6.0 mg, 0.010 mmol, 10 mol%) for 46h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 92% yield (dr 1:1) as yellow oil. IR 2981, 2158, 1739, 1530, 'H
NMR (CDCl;, 400 MHz) & 8.25 (d, J= 8.8, 1H), 8.17- 8.14 (m, 3H), 7.75 (d, J= 8.8, 1H), 7.48-
7.45 (m, 3H), 4.61 (d, J=4.8, 1H), 4.46 (d, J=4.8, 1H), 4.22 (dq, J= 7.2, J= 1.6, 2H), 4.10 (q, J=
7.2, 2H), 4.06-4.02 (m, 2H), 3.92-3.85 (m, 2H), 3.73- 3.64 (m, 2H), 2.46 (s, 3H), 2.42 (s, 3H),
1.23 (t, J= 7.2, 3H), 1.12 (t, J= 7.2, 3H); *C NMR (CDCl;, 100.6 MHz) 6 170.2, 170.1, 164.8,
164.5, 164.3, 164.0, 155.9, 155.8, 148.3, 148.2, 143.0, 141.9, 139.6, 129.4, 129.0, 128.9, 124 .4,
124.4, 124.1, 114.7, 63.8, 63.5, 44.2, 43.6, 30.07, 28.2, 13.9, 11.6, 11.5; HRMS found:[M-H]

387.0931, C{7H5N4O, requires: 387.0941; m/z: 387 (100%, :[M-H]").

(3R)-ethyl3-(2,3-dichlorophenyl)-2-isocyano-4-(3-methyl-4-nitroisoxazol-5 yl) butanoate

©))2

Following the general procedure using catalyst 6m (5.76 mg, 0.010 mmol, 10 mol%) for 48h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 91% yield (dr 1:0.4) as yellow oil. IR 2964, 2145, 1740, 1522, 'H
NMR (CDCl;, 400 MHz) 6 7.38 (dt, J= 0.8, J= 8.0, 2.4H), 7.23-7.19 (m, 1.8H), 4.55 (m, 0.4H),
4.53 (d, J= 3.6, 1H), 4.27 (q, J= 6.8, 2H), 4.15-4.03 (m, 1.2H), 3.85 (dd, J=10.4, J= 15.2, 1H),

3.74 (t, J= 9.6, 0.8H), 3.57 (dd, J= 4.8, = 15.2, 1H), 2.46 (s, 1.2H), 2.43 (s, 3H),1.28 (¢, J= 7.2,



3H), 1.10 (t, J= 7.2, 1.2H); 3C NMR (CDCl,;, 100.6 MHz) § 170.5, 170.3, 164.6, 164.1, 163.6,
155.8, 155.8, 135.7, 135.4, 134.0, 132.3, 130.9, 130.9, 127.9, 126.6, 63.7, 63.3, 60.2, 59.4, 40.6,
29.4,26.9, 14.0, 13.7, 11.6; HRMS found:[M-H] 410.0309, C;7H,4CLN;Os, requires: 410.0311;

m/z: 410 (100%, [M-H]).

(3R)-2-Isocyano-4-(3-methyl-4-nitro-isoxazol-5-yl)-3-naphthalen-2-yl-butyric acid ethyl

ester (3k).

Following the general procedure using catalyst 6m (5.76 mg, 0.010 mmol, 10 mol%) for 65h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 86% yield (dr 1:1) as yellow oil. IR 2970, 2145, 1735, 1533, 'H
NMR (CDCls, 400 MHz) § 7.76-7.72 (m, 6H), 7.68-7.67 (m, 2H), 7.43-7.40 (m, 4H), 7.36 (dt ,J=
1.6, J=8.8, 2H), 4.62 (d, J= 4.8, 1H), 4.52 (d, J= 4.8, 1H), 4.16-3.97 (m, 8H), 3.74-3.65 (m, 2H),
2.40 (s, 3H), 2.35 (s, 3H), 1.12 (t, J= 7.2, 3H), 1.01 (t, J= 7.2, 3H); 3C NMR (CDCl;, 100.6
MHz) 6 171.2, 171.1, 164.9, 164.6, 163.8, 163.4, 155.8, 155.6, 133.3, 133.2, 133.2, 133.1, 130.7,
129.2, 128.9, 128.1, 127.9, 127.7, 127.3,126.7, 126.7, 126.6, 125.2, 124.9, 63.4, 63.1, 44.9, 44.3,
30.9, 30.3, 29.7, 28.5, 14.0, 13.9, 11.6, 11.5; HRMS found:[M-H] 392.1238, C,;H;3sN;0s,

requires: 392.1249; m/z: 392 (100%, [M-H]").

(3R)-3-(4-Cyano-phenyl)-2-isocyano-4-(3-methyl-4-nitro-isoxazol-5-yl)-butyric acid ethyl

ester (31).

Following the general procedure using catalyst 6m (5.76 mg, 0.010 mmol, 10 mol%) for 48 h at -

20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title



compound was obtained in 86% yield (dr 1:1) as yellow oil. IR 2976, 2143, 1740, 1531. 'H
NMR (CDCls, 400 MHz) 6 7.60-7.57 (m, 4H), 7.41-7.38 (m, 4H), 4.59 (d, J= 4.4, 1H), 4.44 (d,
J=4.8, 1H), 4.20 (q, J= 2, J= 7.2, 2H), 4.08 (q, J= 7.2, J= 14.4, 2H), 4.00-3.96 (m, 2H), 3.85 (m,
2H), 3.66 (m, 2H), 2.46 (s, 3H), 2.42 (s, 3H), 1.22 (t, J= 7.2, 3H), 1.10 (t, J= 7.2, 3H). 13C NMR
(CDCl3, 100.6 MHz) 6 170.4, 170.2, 164.6, 164.4, 164.3, 155.9, 155.8, 141.2, 140.0, 133.0,
132.7, 129.1, 128.7, 118.0, 117.9, 113.2, 113.1, 63.7, 63.4, 61.1, 60.3, 44.4, 43.9, 30.0, 29.7,
28.1, 14.1, 13.9, 11.6, 11.5; HRMS found:[M-H]- 367.1038, C;sH;sN4Os, requires: 367.1042;

m/z: 367 (100%, [M-H]).

(35)-ethyl 2-isocyano-5-methyl-3-((3-methyl-4-nitroisoxazol-5-yl)methyl)hexanoate (3m).

Following the general procedure using catalyst 61 (5.76 mg, 0.010 mmol, 10 mol%) for 48h at -
20°C. The product was purified on silica gel (ethyl ether/petroleum ether 50:75) and the title
compound was obtained in 88% yield (dr 1:1) as yellow oil. IR 2988, 2150, 1746, 1525. 'H
NMR (CDCls, 400 MHz) 6 4.35 (d, J= 2.8, 1H), 4.25-4.18 (m, 5H), 3.41 (dd, J= 0.8, 1H), 3.26-
3.13 (m, 3H), 2.69-2.67 (m, 2H), 2.69 (s, 3H), 2.67 (m, 3H), 1.58-1.50 (m, 3H), 1.42-1.25 (m,
6H), 1.25-1.15 (m, 3H), 0.89-0.87 (m, 6H), 0.84-0.81 (m, 6H); *C NMR (CDCls, 100.6 MHz) &
172.2, 172.1, 165.7, 165.3, 162.4, 162.3, 156.0, 155.9, 63.3, 63.1, 60.0, 58.9, 40.3, 38.9, 37.2,
36.7, 29.1, 28.3, 25.0, 25.0, 23.3, 23.0, 21.6, 21.6, 14.1, 14.0, 11.7; HRMS found:[M-H]

322.1478, C13H;sN4Os, requires: 322.1481; m/z: 322 (100%, [M-H]").
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4. General procedure for the preparation of product 4a-m (Table 2)
To a solution of 3a-m (0.1 mmol) in THF (1.0 mL) at 35°C DIPEA (0.2 mmol) was added. The
solution was stirred until the starting was consumed (typically 3-8 hours). The solvents was

removed under reduce pressure and purified by silica gel to afford desired 4a-m.

5. Analytical data for compounds 4a-m
(25,39)-ethyl-4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenyl-2,3-dihydro-1H-pyrrole-2-

carboxylate (4a)

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 93% yield as yellow solid. The ee of the
product was determined by HPLC using a Chiralpak AD-H column (n#-hexane/iPrOH 80:20, flow
rate 0.5 mL/min, ty,; = 18.2 min, tyi, = 26.7 min, 99% ee). mp 54°C; [o]p?® =+ 54 (c = 0.84 in
CHCl;); IR 2976, 1736, 1545. 'TH NMR (CDCl;, 300 MHz) & 8.76 (dd, J= 0.6, J=3.6, 1H), 7.33-
7.31 (m, 2H), 7.30-7.22 (m, 3H), 5.69 (s, 1H), 4.81 (d, J=3.9, 1H), 4.40 (d, J=3.9, 1H), 4.39-4.25
(m, 2H), 2.46 (s, 3H), 1.36 (t, J=7.2, 3H); 13C NMR (CDCl;, 75.4 0MHz) & 171.5, 166.2, 156.5,
151.4, 142.6, 129.2, 127.8, 127.1, 102.7, 68.8, 62.6, 50.8, 14.4, 12.6; HRMS found:[M-H]

342.1081, C{7H6N;0s, requires: 342.1090; m/z: 342 (100%, [M-H]").

(25,35)-ethyl-4-(3-methyl-4-nitroisoxazol-5-yl)-3-p-tolyl-2,3-dihydro-1H-pyrrole-2-

carboxylate (4b).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum

ether 1:1) and the title compound was obtained in 96% yield as yellow oil. The ee of the product
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was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 19.5 min, ty, = 26.9 min, 93% ee). [a]p?® =+ 86 (c = 0.54 in CHCl;); IR 2988,
1742, 1550. '"H NMR (CDCls, 400 MHz) & 8.6 (d, J= 3.2, 1H), 7.13 (d, J= 8, 2H), 7.04 (d, J= 8,
2H), 5.52 (s, 1H), 4.69 (d, J= 3.6, 1H), 4.31 (d, J= 4, 1H), 4.27-4.18 (m sistema ABX, 2H), 2.38
(s, 3H), 2.23 (s, 3H), 1.28 (t, J= 7.2, 3H); 13C (CDCl;, 100.6 MHz) & 171.4, 150.9, 139.5, 137.2,
129.6, 126.8, 102.8, 68.7, 62.3, 50.2, 21.0, 14.2, 12.3; HRMS found:[M-H]- 356.1237,

C1gHgN30s, requires: 356.1246; m/z: 356 (100%, [M-H]).

(25,38)-ethyl 3-(4-chlorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-pyrrole-

2-carboxylate (4c).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 92% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (z#-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 19.8 min, tyi, = 27.4 min, 96% ee). [a]p?® =+ 71 (c= 0.72 in CHCl;); IR 2980,
1740, 1547. '"H NMR (CDCl;, 300 MHz) 6 8.73 (d, J= 2.7, 1H), 7.31-7.24 (m, 4H), 5.66 (s, 1H),
4.79 (d, J= 4.2, 1H), 4.39-4.23 (m, 3H), 4,6 (s, 3H), 1.36 (t, J= 7.2, 3H); *C NMR (CDCl;, 75.4
MHz) 6 171.2, 166.0, 156.6, 151.2, 141.1, 133.6, 129.4, 128.5, 102.4, 68.6, 62.7, 50.2, 14.4,
12.6; HRMS found:[M-H]- 376.0711, C;7H;sCIN;Os, requires: 376.0700; m/z: 376 (100%, [M-

H]).

(25,38)-ethyl 3-(2-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-

pyrrole-2-carboxylate (4d).
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Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 96% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (n#-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 25.3 min, tyi, = 33.7 min, 96% ee). [a]p?® =+ 54 (c= 0.52 in CHCl;); IR 2997,
1736, 1557. 'H NMR (CDCl;, 300 MHz) 4 8.80 (dd, J= 0.6, J=3.6, 1H), 7.26-7.20 (m, 1H), 7.07
(dd, J=1.8, J=7.8, 1H), 6.94-6.84 (m, 2H), 5.62 (s, 1H), 5.19 (d, J=3.6, 1H), 4.37-4.19 (m, 3H),
3.89 (s, 3H), 2.47 (s, 3H), 1.36 (t, J=7.2, 3H); 3C NMR (CDCl;, 100.6 MHz) & 171.4, 166.2,
156.9, 156.2, 151.8, 129.6, 128.6, 127.5, 124.7, 120.8, 111.0, 101.1, 67.8, 62.0, 55.3, 44.5, 14.2,
12.4. HRMS found:[M-H] 372.1206, C;sH;sBrN;O¢, requires: 372.1196; m/z: 372 (100%, :[M-

H]).

(25,38)-ethyl 3-(4-fluorophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-pyrrole-

2-carboxylate (4e).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 91% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (z#-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty,; = 18.6 min, ty, = 29.6 min, 88% ee). [a]p?>* =+ 79 (c = 0.77 in CHCls); IR 2988,
1741, 1542. ™H NMR (CDCl;, 400 MHz) & 8.65 (s, 1H), 7.23-7.20 (m, 2H), 6.95-6.91 (m, 2H),
5.54 (s, 1H), 4.72 (d, J= 3.6, 1H), 4.28 (d, J= 3.6, 1H), 4.27-4.19 (m, 2H), 2.39 (s, 3H), 1.29 (t,
J= 6.8, 3H); 3C NMR (CDCl;, 100.6MHz) & 171.2, 156.4, 150.9, 138.3, 128.6, 128.5, 116.0,
115.8, 102.5, 68.6, 62.4, 49.9, 29.7, 14.2, 12.3; HRMS found:[M-H]- 360.1003, C,7H,5FN;0s,
requires: 360.0996; m/z: 360 (100%, [M-H]).
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(25,35)-ethyl 3-(furan-2-yl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-pyrrole-2-

carboxylate (4f).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 88% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty,; = 21.3 min, ty, = 23.5 min, 90% ee). [a]p?* =+ 65 (¢ = 1.22 in CHCls); IR 2980,
1737, 1550. 'H NMR (CDCl3, 400 MHz) $ 8.59 (s, 1H), 7.26 (dd, J= 1.6, J= 0.8, 1H), 6.22 (dd,
J=3.2,J=1.6, 1H), 6.10 (d, J= 3.2, 1H), 5.57 (s, 1H), 4.90 (d, J= 3.6, 1H), 4.52 (d, J= 4.0, 1H),
4.27-4.19 (m, 2H), 2.43 (s, 3H), 1.28 (t, 7.2, 3H); 3C NMR (CDCl;, 100.6 MHz) & 170.9, 165.9,
156.4, 153.5, 151.1, 142.1, 110.6, 106.7, 99.4, 65.4, 62.5, 44.0, 29.7, 14.2, 12.4, HRMS

found:[M-H]- 372.1203, C;gHg§N3Og, requires: 372.1196; m/z: 372 (100%, [M-H]).

(25,38)-ethyl3-(4-methoxyphenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-

pyrrole-2-carboxylate (4g).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 89% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 23.4 min, ty, = 33.4 min, 89% ee). [a]p?* =+ 93 (c = 0.47 in CHCl;); IR 2997,
1743, 1546. 'H NMR (CDCls, 300 MHz) 6 8.71 (d, J=3.3, 1H), 7.25-7.23 (m, J=3.0, J=2.1, 1H),
7.21 (m, J=2.1, J=3.0, 1H), 6.85-6.84 (m, J=3.0, J=2.1, 1H), 6.82-6.81 (m, J=3.0, J=2.1, 1H),

5.60 (d, J=2.7, 1H), 4.36 (d, J=3.9, 1H), 4.33-4.23 (m, 2H), 3.77 (s, 3H), 2.45 (s, 3H), 1.34 (1,
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J=7.2, 3H); 3C NMR (CDCl;, 100.6 MHz) 6 171.4, 166.1, 158.9, 156.3, 150.8, 134.6, 114.3,
102.9, 68.7, 62.3, 55.3, 49.9, 14.2, 12.4. HRMS found:[M-H]- 372.1206, C,sH;sN3Og, requires:

372.1196; m/z: 372 (100%, :[M-H]).

(25,35)-ethyl 4-(3-methyl-4-nitroisoxazol-5-yl)-3-m-tolyl-2,3-dihydro-1H-pyrrole-2-

carboxylate (4h)

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 84% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 17.6 min, ty, = 30.9 min, 94% ee). [a]p?® =+ 78 (c = 0.71 in CHCl;); IR 2990,
1742, 1551. 'H NMR (CDCl;, 400 MHz) 6 8.67 (s, 1H), 7.14-7.10 (m, 1H), 7.04-7.03 (m, 2H),
6.98 (d, J=17.6, 1H), 5.32 (s, 1H), 4.68 (d, J= 3.6, 1H), 4.31 (d, J= 4.0, 1H), 4.27-4.18 (m, 2H),
2.39 (s, 3H), 2.25 (s, 3H), 1.28 (t, J= 7.2, 3H); 3C NMR (CDCl;, 100.6 MHz) & 151.0, 128.9,
128.3, 127.5, 123.9, 68.7, 65.9, 62.3, 50.5, 29.7, 22.4, 21.5, 15.3, 14.2, 14.1, 12.4. HRMS

found:[M-H]- 356.1253, C,sH§N30s, requires: 356.1246; m/z: 356 (100%, [M-H]").

(25,38)-ethyl 4-(3-methyl-4-nitroisoxazol-5-yl)-3-(4-nitrophenyl)-2,3-dihydro-1H-pyrrole-2-

carboxylate (4i).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) the title compound was obtained in 79% yield as yellow oil. The ee of the product was
determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5

mL/min, ty,; = 39.3 min, ty, = 45.9 min, 88% ee). [a]p?’ =+ 87 (c = 0.75 in CHCls); IR 2994,
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1742, 1545.  '"H NMR (CDCls, 300 MHz) & 8.74 (s, 1H), 8.20 (t, J=2.4, J=1.8, 2H), 8.17 (t,
J=2.1, J=2.4, 2H), 5.68 (s, 1H), 4.92 (d, J=4.2, 1H), 4.37 (d, J=4.2, 1H), 4.38-4.27 (m, 2H), 2.46
(s, 3H), 1.368 (t, ]=6.9, 3H); 3C NMR (CDCls, 75.4 MHz) & 170.7, 165.7, 156.7, 151.3, 149.7,
147.6, 1282, 124.6, 101.7, 68.2, 63.0, 50.5, 14.4, 12.5. HRMS found:[M-H]- 387.0938,

C17H5sN4O7, requires: 387.0941; m/z: 387 (100%, [M-H]).

(25,3R)-3-(2,3-Dichloro-phenyl)-4-(3-methyl-4-nitro-isoxazol-5-yl)-2,3-dihydro-1H-pyrrole-

2-carboxylic acid ethyl ester (4j).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 91% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty,; = 18.7 min, ty, = 20.7 min, 88% ee). [a]p?’ =+ 34 (c = 0.25 in CHCl;); IR 2992,
1738, 1541. 'H NMR (CDCl;, 400 MHz) & 8.72 (d, J= 2.4, 1H), 7.31 (dd, J= 8, J= 1.6, 1H),
7.06 (t, J= 7.6, 1H), 6.99-6.96 (m, 1H), 5.55 (s, 1H), 4.24 (m, 4H), 2.40 (s, 3H), 1.29 (t, J= 7.2,
3H); *C NMR (CDCl;, 100.6 MHz) & 170.6, 165.6, 151.7, 129.7, 127.7, 62.5, 53.4, 29.7, 14.1,
12.3; HRMS found:[M-H]- 410.0308, C,7H4C1,N30s, requires: 410.0311; m/z: 410 (100%, [M-

H]).

(25,35)-4-(3-Methyl-4-nitro-isoxazol-5-yl)-3-naphthalen-2-yl-2,3-dihydro-1H-pyrrole-2-

carboxylic acid ethyl ester (4k).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum

ether 1:1) and the title compound was obtained in 93% yield as yellow oil. The ee of the product
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was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 22.8 min, tyi, = 33.8 min, 86% ee).[a]p?® =+ 47 (¢ = 0.95 in CHCl3); IR 2986,
1732, 1549. '"H NMR (CDCls, 300 MHz) & 8.73 (s, 1H), 7.75-7.68 (m, 4H), 7.41-7.36 (m, 3H),
5.62 (s, 1H), 4.90 (d, J=4, 1H), 4.39 (d, J=4, 1H), 4.32-4.19 (m, J=7.2, 2H), 2.36 (s, 3H), 1.30 (t,
J=7.2, 3H); BC NMR (CDCl;, 100.6 MHz) & 171.5, 166.2, 156.5, 151.4, 139.6, 133.5, 132.8,
129.0, 127.9, 127.6, 126.3, 126.0, 125.7, 124.9, 102.7, 68.8, 62.6, 50.8, 29.7, 14.4, 12.6; HRMS

found:[M-H]- 392.1239, C,,;HsN3Os, requires: 392.1249; m/z: 392 (100%, [M-H]").

(25,38)-ethyl 3-(4-cyanophenyl)-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-pyrrole-

2-carboxylate (41).

Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 94% yield as yellow oil. The ee of the product
was determined by HPLC using a Chiralpak AD-H column (z#-hexane/iPrOH 80:20, flow rate 0.5
mL/min, ty, = 36.4 min, ty, = 46.1 min, 86% ee).[a]p?® =+ 75 (c = 0.38 in CHCI;); IR 2990,
1742, 1540. 'H NMR (CDCl;, 400 MHz) & 8.67 (s, 1H), 7.56 (d, J= 8.0, 2H), 7.37 (d, J=8.4,
2H), 5.69 (s, 1H), 4.79 (d, J=4, 1H), 4.28 (d, J= 4.4, 1H), 4.24 (m, 2H), 2.39 (s, 3H), 1.29 (t, J=
7.2, 3H); *C NMR (CDCl;, 100.6 MHz) & 170.6, 165.6, 156.5, 151.3, 147.6, 132.94, 127.9,
111.6, 101.4, 68.1, 62.7, 50.5, 29.7, 14.2, 12.3; HRMS found:[M-H]- 367.1040, C;sH;5N4Os,

requires: 367.1042; m/z: 367 (100%, [M-H]").

(25,38)-ethyl 3-isobutyl-4-(3-methyl-4-nitroisoxazol-5-yl)-2,3-dihydro-1H-pyrrole-2-

carboxylate (4m)
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Following the general procedure the product was purified on silica gel (ethyl ether/petroleum
ether 1:1) and the title compound was obtained in 89 % yield as yellow solid. The ee of the
product was determined by HPLC using a Chiralpak AD-H column (n-hexane/iPrOH 80:20, flow
rate 0.5 mL/min, ty,j= 13.1 min, ty, = 13.8 min, 77% ee). [a]p?® =+ 59 (¢ = 0.38 in CHCly); IR
2997, 1742, 1545. '"H NMR (CDCl3, 400 MHz) 6 8.52 (s, 1H), 4.20-4.16 (m, 3H), 3.71-3.63 (m,
2H), 2.50-2.48(m, 1H), 2.47 (s, 3H), 1.82-1.78 (m, 2H), 1.26 (t, J= 7.3, 3H), 1.02 (d, J= 6.8, 3H),
0.91 (d, J= 6.4, 3H); 13C (CDCl;, 100.6 MHz) & 172.1, 166.1, 156.5, 151.0, 103.2, 64.7, 62.1,
43.9, 43.0, 25.4, 23.8, 20.9, 14.1, 12.5 ; HRMS found:[M-H]- 322.1475, C,3H;sN4Os, requires:

322.1481; m/z: 322 (100%, [M-HT).
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6. Preparation of catalysts 61 and 6m

N-(3,5-bis(trifluoromethyl)benzyl) cinchonidinium bromide (6l).

Following the procedure used for 6l, the title compound was obtained as a brown solid in 70%

yield. Spectral data were consistent with the literature.!

N-3,5-Bis(tert-butylbenzyl)cinchonidinium bromide (6m)

To a stirred suspension of cinchonidine (1.0 mmol) in THF (3.0 mL), 3,5-
bis(trifluoromethyl)benzyl bromide (1.3 mmol) was added. The resulting mixture was then
heated at 60°C, and stirred for 36h at the same temperature. After cooling to rt, the precipitate
was collected by Biickner filtration and washed several times with Et,O, affording the title
compound as a white solid in 80% yield. [a]p 2° =-105.5 (¢ = 0.80, CHCl;)'H NMR (CDCls, 400
MHz) $ 8.86 (d, J= 4.4, 1H), 8.12-8.10 (m, 1H), 7.98 (d, J= 8, 1H), 7.82-7.81 (m, 1H), 7.69 (d,
J=1.6, 2H), 7.66-7.58 (m, 2H), 7.51 (s, 1H), 6.76-6.68 (m, 2H), 5.90-5.87 (m, 1H), 5.60-5.52 (m,
1H), 5.13-5.09 (m, 2H), 5.02 (d, J=10.4, 1H), 4.92-4.88 (b, 1H), 3.79 (t, J= 8.4, 1H), 3.68-3.62
(m, 1H), 3.49-3.43 (b, 1H), 3.33-3.31 (b, 1H), 2.63 (b, 1H), 2.17-2.12 (b, 2H), 1.99 (s, 1H), 1.67
(b, 1H), 1.33 (s, 18H); 3C NMR (CDCl3, 100.6 MHz) 6 152.2, 149.5, 147.2, 145.9, 136.5, 129.8,
129.6, 128.3, 127.9, 126.3, 124.8, 124.4, 123.0, 120.2, 117.9, 68.5, 64.6, 63.8, 61.3, 51.6, 38.0,

35.1,31.47,26.7,24.9, 21.7.
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7. Preparation of pyrrolidines 7-9

Preparation of (25,3R)-ethyl 4-(3-methyl-4-nitroisoxazol-5-yl)-3-phenylpyrrolidine-2-

carboxylate (7).

To a solution of 4a (34 mg, 0.1 mmol) in TFA (950 uL), Et;SiH (199 pL, 1.25 mmol) was
added. The solution was stirred for 45 min and a solution of NaHCOj sat. (3 mL) was added at -
78°C. The solution was extracted with EtOAc (3 X 3 mL) and under reduced pressure. Water
was added to the yellow oil and extracted with CH,Cl, (5 X 2 mL). The organic layer was dried
over Na,SO,4 and concentrated under reduced pressure. The crude product was purified by flash
chromatography (eluent petroleum ether:EtOAc 10:8) to give 7 as yellow oil in 73% yield. Rg
0.36 in petroleum ether:EtOAc 1:1; IR 2975, 1763, 1522; '"H NMR (CDCl;, 400 MHz) & 7.27-
7.17 (m, 5H), 4.47 (q, J= 8.4, 1H), 4.19-4.11 (m, 1H), 4.10-4.02 (m, 1H), 3.96 (d, J= 8, 1H), 3.81
(t, J=8.8, 1H), 3.67 (t, J= 10, 1H), 3.35 (t, J= 8.8, 1H), 2.81 (s, 1H), 2.43 (s, 3H), 1.105 (t, J= 7.2,
3H);!3C (CDCl;, 100.6 MHz) & 173.0, 172.8, 156.0, 138.8, 128.9, 127.7, 127.5, 68.0, 61.5, 54.2,
51.7, 47.1, 29.7, 14.1, 11.6; HRMS found:[M-H]- 344.1251, C;;H9N30s, requires: 344.1246;

m/z: 344 (100%, [M-H]).

Preparation of (2R,3R)-4-(3-Methyl-4-nitro-isoxazol-5-yl)-3-phenyl-pyrrolidine-1,2-

dicarboxylic acid 1-tert-butyl ester 2-ethyl ester (8).

To a solution of 7 (60mg, 0.17mmol) in DCM (1mL) were subsequently added DMAP (12.2mg,
0.10mmol), TEA (140uL, 0.10mmol) and (Boc),0O (43.7mg, 0.20mmol) at 0°C. The solution was

taken to room temperature and stirred for 90 minutes. The mixture was quenched with NH4CI
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saturated solution and extracted with DCM (3x2mL). The organic layer was concentrated under
reduced pressure. The crude was purified by flash chromatography (eluent system petroleum
ether: diethyl ether 7:3) to give 16 as a light yellow oil in 70% yield. R¢ 0.6 in petroleum ether:
diethyl ether 1:1; 'TH NMR (CDCl;, 400 MHz) & (ppm) 7.32-7.20 (m, 5H), 4.62-4.58 (m, 1H),
4.46-4.29 (m, 2H), 4.28-4.19 (m, 1H), 4.15-4.04 (m, 1H), 3.99-3.92 (m,1H), 3.75 (t, J= 10.4,
1H), 2.48 (s, 3H), 1, 49-1.43 (m, 9H), 1.25-1.12 (m, 3H). 3C NMR (CDCls, 400 MHz) & (ppm)
171.7, 156.3, 153.3, 136.5, 129.4, 129.2, 128.7, 127.8, 127.4, 127.1, 81.5, 66.5, 61.7, 54.0, 50.3,

41.7,28.7,27.8, 14.5, 11.8. EI/HRMS: [M"] calcd for C,,H,7N307Na 468.1747 found 468.1754.

Preparation (2R,3R)-3-Phenyl-pyrrolidine-1,2,4-tricarboxylic acid 1-tert-butyl ester 2-ethyl

ester (9).

To a solution of 8 (43.3 mg, 0.1mmol) in THF (ImL) at r.t., a solution of KMnO, dissolved in
(H,O/dioxane, 3.5:1) was added drop wise over 30 minutes. The reaction was left stirring for 60
minutes at room temperature. After this time, a saturated solution of Na,SO; was added and HC1
6N solution until clearance. The mixture was extracted with EtOAc (3x2mL). The organic layer
was concentrated under reduced pressure. The crude was purified by flash chromatography
(eluent system DCM:MeOH 99:1) to give 5 as a yellow solid in 87% yield. Ry 0.22 in
DCM:MeOH, 98:2; 'H NMR (CDCls, 400 MHz) 6 (ppm) 7.33-7.22 (m, 5H), 4.36-4.14 (m, 2H),
4.12-3.98 (m, 2H), 3.78-3.72 (m, 2H), 3.36 (q, J= 8.4, 1H), 1.50-1.38 (m, 9H), 1.18-1.11 (m,
3H) 13C NMR (CDCls, 400 MHz) 8 (ppm) 176.3, 172.0, 153.7, 139.0, 128.2, 127.7, 81.3, 66.6,
61.5, 52.8, 49.2, 28.7, 14.5. EI/HRMS: [M"] calculated for C;9 Hys N Og Na. 386.1580 found

386.1572.
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8. Specta and HPLC of compounds 3a-m, 4a-m and 7-9

Catalyst 6m
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Compound 3a
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Compound 4a

SAMPLE INFORMATION
Sample Name: PAQ-racemo Acquired By: System
Sample Type: Unknown Date Acquired: 8/23M0 12:07:48 PM
Wial: 1 Acg. Method Set: Chiralmiscela
Injection #: 1 Date Processed: 6/23M0 1:19:02 PM
Injection Volume:  10.00 ul Processing Method: HPLC
Run Time: 45.0 Minutes Channel Name: PDA Single 254.0 nm
Sample Set Name: Proc. Chnl. Deser..  PDA 254.0 nm
Auto-Scaled Chromatogram
0.1 ‘
12
012 &
i o
1 ]
0104 Tl
]
| +
0.0+ |
| I
- 0.08] I Il
s
|
.04 | l [
| 11
0.024 |
| 1
oo | |
i I : ray ; e - e
T .E-I.GEII o IIE}IZ‘DI ' IEE‘ IJIJI ot IBD‘.-ZCI ISE-!DGI o IAGI :‘DI ' I45I.CC
Minutes
Unknown Peak Results
Feak Type RT Area % Area | Height
Unknown 17.782 | 4752730 | 5019 | 141051
2 | Unknown 25812 | 4716972 ( 4981 057IT
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Area % Report

Data File:
Method: C:\EZChrom Elite\Enterprise\Projects! DefaultMethodntitled met
Acquired: 270012 1:33:36 PM

Printed: 270012 3:18:29 PM

CAEZChrom Elite\Bnterprise!Projects! Defaulfi DataiDS209.PA02-7-2012 1-34-15 PMSystem.det

2000 i;(elénlion'Time
;f 1000+ o 3
i 5 i
: 8 I
i . i
04 - et ‘0
e L
Minutes
VWD: Signal A,
210 nm Results
Retention Time Area  Area% Height Height %
19.107 1466779202 99.26 3344412 9942
28,630 10876711 074 193753 0.58
Totals ' }
1477655913 100.00 3363823 | 100.00
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Compound 3b
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Compound 4b
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DEFAULT REPORT

Peak Component Time Area Height  Area Morm. Area Cal. Volt BL  Raw  Adjusted
= Mame [rnin] [uv™sec] [uv] [%] [%&] Range Range Amount  Amount
1 18773 BDER29.T0 1848547 5305 53.88 "MM 05065 D.5985

2 24 875 509132.54 1139526 46.05 45.058 MM 05091 D.5081
1105662.24 ZBBE0.Y3 100.00 100.00 1.1057  1.1067

Missing Component Report
Component Expected Retention (Calibration File)

All components were found

Resporas friv]

130

120

[TTTTPTTT TP e P T e T e T T prTTd
5 10 15 20 ] 30 35 40 45 Edl =

Tirne [rin]
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Compound 4b

DEFAULT RE F’ORT

Peak Component Time Area Height frea Morm. Area Cal. Volt Raw  Adjusted
# MName [rnim] [uv sec] [ut] [%&] [%&] Ranges Rangs Amount  Amount
1 18,483 14140770.84 40080305 BE6.34 BiE.34 MR 14,1408 141403

2 26.878  53B4TETD 1115075  3.68 3.68 MM 05365 0.5385
14577247 54 411853.83 100.00 100.00 1486772 14.8772

Mizsing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 3¢
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Compound 4c¢
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DEFAULT REPORT

Peak Component Time Area Height Area Morm. Area Cal.  Volt BL  Raw  Adjusted
= MName [min]  [uV™sec] [uw] [#4] [%a] Range Range Amount  Amount
1 20048 3718B48.02 1013687.32 4879 48.78 MM 3T18E 0 37188

2 27.778 3750705.38 75268117 S50.21 50.21 MM 37507 3707

T4T0EE3.41 17862248 100.00 100.00

Missing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 4c¢

DEFAULT REPORT

Pzak Component Time Area Height Area Morm. Area Cal. Vol BL Raw Adjusted
# Mame [rnin] [uv*sec] [u] [%] [2&] Range Rangs Amount  Amount
1 19,800 1527004241 41052241 G7.94 o7.04 *MM 152700 15.2700

2 7441 32131413 745339 208 2.08 MM 03213 03213
15591358.55 417675.80 100.00 100.00 15,5814 155014

Mizsing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 3d
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Compound 4d
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DEFAULT REPORT

Pzak Component Time Area Height Area Morm. Area Cal  Volt BL Raw  Adjusied
= Fame [min]  [uV™sec] [u] [%a] [%&] Range Range Amount  Amaount
1 238665 1850052.90 45182.85 5245 52.48 MM 1.8501 1.9501

2 31.372 176760712 31337.73 47.55 47.55 MM 1.7878 1.7876
37176a7.02 7r520.38 100.00 100.00 3T AT

Missing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 4d

DEFAULT REPORT

Peak Component Time Area Height Area MNorm. Area Cal. Vol BL Raw Adusted
= MName [min]  [uW*sec] [ut] [%&] [2&] Range Range Amount Amount
1 25.351 3254537.03 78087.7E B8.38 B35 MM 3.2543 3.2546
2 33770 5485829 1153.18 1.65 1.85 "M 00547 00547
3305268533 75740.98 100.00 100.00 33093 33083
Missing Component Report
Component Expected Retention (Calibration File)
All components were found
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Compound ent-4d

DEFAULT REPORT

Peak Component Time Area Height  Area MNorm. Area Cal.  Volt BL  Raw  Adjusted

# MName [rin]  [uv™sec] [uw] [2&] [%8] Range Range Amount  Amount
1 23430 374782 D0TST ATR 378 MK 00317 0.0317
2 30.920 BOGTEBO.51 1501295 9621 BE.21 MM 0.8088 0.5068

B3B537.43 15820.51 100.00 100.00 0.8385 0.B385

Missing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 3e
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Compound 4e
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DEFAULT REPORT

Peak Component Time Area Height Area MNorm. Area Cal.  Wolt BL Raw  Adjusied
= Mame [min]  [uW"sec] [ut] [%] [%&] Range Rangs Amount  Amaount
1 15.848 85817547 25737.58 50.85 50.85 MM 08582 0.8582

2 20568 830290.64 1633018 4215 4915 MM 0.3303 0.8303
1855482.10 42067.78 100.00 100.00 1.6885 1.8885

Missing Component Report
Component Expected Retention [(Calibration File)

All components were found
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DEFAULT REPORT

Peak Component Time Area Height  Area Morm.Area Cal. Vet BL  Raw  Adjusted
# Mame [min]  [uv™sec] [ui] [%&] %] Range Range Amount  Amount
1 18.524 §3BE20.53 2025883 93493 0293 MM 08388 00388

2 20003 ©0681.81 1283208 607 6.07 MM 00807 0.0807
800321 .34 3054195 100.00 100.00 09953 D903

Missing Component Report
Component Expected Retention (Calibration File)

All compaonents were found
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Compound 3f
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Compound 4f
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DEFAULT REPORT

Pzak Component Time Area Height Area Morm. Area  Cal Vaolt BL Raw Adjusted
# Mame [min]  [uVv™sec] [un] [%a] [%&] Range Range Amount  Amaount
1 21.362 1203330.75 32873.88 5025 50.25 MM 1.2033  1.2033

2 Z38T7 1191575.34 2DE51.41 4975 40.78 MM 11818 11916
2384807.05 82825.31 100.00 100.00 23048 2.3p40

Missing Component Report
Component Expected Retention (Calibration File)

All compaonents were found
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DEFAULT REPORT

Pzak Component Time Area Height Area Morm. Area Call  Volt BL  Raw  Adjusted
= MName [min]  [uW*sec] [ui] [3a] [38] Range Range Amount Amount
1 21267 4587833.09 12270377 4.8 8481 "M 4.587% 4.5378

2 23495 25145220 T111NM 539 534 MM 02815 0.2815
434038520 12851458 100.00 100.00 4. 8484 48494

Missing Component Repart
Component Expected Retention (Calibration File)

All components were found
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SAMPLE INFORMATION
Sample Mame: PAO-216-high Acquired By: System
Sample Type: Unknown Date Acquired: 8/21/10 12:35:40 FM
Vial: 1 Acg. Method Set: Chiralmizscela
Injection &: 1 Date Frocessed: 6/21M10 1:47:49 PM
Injection Yolume:  10.00 u Processing Method: HPLC
Run Time: 45.0 Minutes Channel Mame: PDA Single 421.0 nm
Sample Set Mame: Proc. Chnl. Deser.. PDA 254.0 nm

Auto-Scaled Chromatogram

0184
0168 o+
&
0.14] b
212 }'.
| |
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| I
= p.oe ‘ | 'l
|
0.06 ‘ | | |
|
0.04] [ 1]
| | [ |
0.02] | | 1
o i
T IE-I.GCI o I]GIIJDI T I]E:CCI T IZIZI.E[‘.I T ISEIIIIJI m I4EIIZJIJI ' |45|.Cl:-
Minutes
Unknown Peak Results
Peak Type RT Area % Area | Height
Unknown 23.320 | B4320082 | 42.80 | 177508
2 | Unknowm 32.974 | B490219 | 50.20 | 128609
Compound 4¢g
SAMPLE INFORMATION
Sample Name: PAD-239-2 Acquired By: System
Sample Type: Unknown Date Acquired: 612110 11:48:37 AM
Vial: 3 Acqg. Method Set: Chiralmiscela
Injection #: 1 Date Frocessed: 6/21/10 1:52:35 PM
Injection Volums:  10.00 ul Processing Method: HPLC
Run Time: 45.0 Minutes Channel Mame: PDA Single 421.0 nm
Sample Set Mame: PPDD Proc. Chnl. Descr.: PDA 254.0 nm
Auto-Scaled Chromatogram
I
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Minutes
Unknown Peak Results
Feak Type RT Brea % Area | Height

Unknown | 23407 | 45178805 | D457 (931115

R

Unknown |33.450 | 2502010 543 | 3p0E1

Compound 3h
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Compound 4h
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DEFAULT REPORT

Pzak Component Time Area Height Area Momm. Area Call  Volt BL  Raw  Adjusted
= Mame [min]  [uWv"sec] [uv] [3%] [%%] Range Range Amount  Amount
1 17.270 27652821.05 89103411 52.80 F2.80 MM 27528 27528
2 20.580 24G60012.88 4882482 47.20 7.20 MM 24808 24808
B213733.83 130652.83 100.00 100.00 52137 B.2137
Missing Component Report
Component Expected Retention (Calibration File)
All components were found
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DEFAULT REPORT

Pzak Component Time Area Height  Area
= MName [min]  [uv™sec] [uv] [%&]

Morm. Area Cal. Vet BL  Raw  Adjusted
[%%] Ramnge Range Amount  Amount

1 17.615 B640866.84 2145319 9678
2 0847 2151822 45778 321

2a.
2

T8 "MM 08482 0.6488
21

"MM 0.0215 0.0215

871388.06 21910.95 100.00

Missing Component Report
Component Expected Retention (Calibration File)

All components were found
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Compound 4i
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DEFAULT REPORT

Pzak Component Time Area Height Area MNorm. Area Cal.  Volt BL  Raw  Adjusied
= MName [min]  [ul*sec] [uv] [%] [%&] Range Rangs Amount Amount
1 35,055 2208705.81 20737.88 4978 40,78 MM 22088 2.2083

2 45168 2318206.75 27173.20 50.21 50.21 MM 23183 23183
4317082.56 S56910.89 100.00 100.00 45171 48171

Missing Component Repart
Component Expected Retention (Calibration File)

All components were found
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Compound 4i

DEFAULT REPORT

Peak Component Time Area Height Area MNorm. Area Cal. Vot BL  Raw  Adjusted
= MName [min]  [uV*sec] [uv] %] [%&] Range Range Amount  Amount
1 28374 381823372 4574884 B3ED 53.89 MM 3.83182 3.8182
2 45877 248583.85 3066821 &1 5.11 ‘MM 02455 D.2486
4088827 57 49815.Y5 100.00 100.00 40888 4.0688
Missing Component Report
Component Expected Retention (Calibration File)
All components were found
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Compound 3j
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Compound 4j
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DEFAULT REPORT

Peak Component Time Area Height  Area MNorm. Area Cal.  Volt BL  Raw  Adusted
# Name [min] [uV"sec] [uv] [%&] [7%] Range Range Amount Amount
1 13.630 143082711 43784.08 50.59 50.58 MM 14308 1.4308

2 20,738 139710317 33067548 4941 48,41 WM 13871 13871
2327730.27 A2439.56 100.00 100.00 28277 28277

Missing Component Report
Component Expected Retention (Calibration File)

Al components were found
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Compound 4j

DEFAULT REPORT

Peak Component Time Area Height Area Morm. Area Cal. Volt BL  Raw  Adjusted
g Name [min] [uh™sac] [uh] 2l %] Fange Range Amount  Armount
1 18.751 230183458 7400052 @22 B.22 MM 23018 2.3D16

2 20.702 34872484.30 358521.200 8378 03.7B "MM 24,8725 34.6725
3097409384 930521.80 100.00 100.00 36,9741 36.8741

Missing Component Report
Component Expected Retention (Calibration File)

Al compenents were found
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Compound 3k
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Compound 4k
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DEFAULT REPORT

Peak Component Time Area Height  Area MNomm. Area Cal.  WVolt BL  Raw  Adjusted
=4 Name [mim] [uv™sec] [uv] %] [3%] Rangs Range Amount  Armount
1 22352 2804383117 83281250 4948 4048 "M 200280 200480

2 32580 2808483213 5S00<31.08 5052 50.52 "MM 208048 20.664E
58713783.30 1.19e+D6 100.00 100.00 BB.7138 58.T13B

Missing Component Report
Component Expected Retention (Calibration File)

Al components were found
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Compound 4k

DEFAULT REPORT

Peak Component Time fArea Height Area Morm. Area Call  Volt BL Raw Adusted
# Name [min] [uV"sec] [uW] %] [3%] Range Range Amount Amount
1 22 805 5504330.35 12837233 8323 8323 MM 550428 5504

2 33807 389681822 004748 77 B.77 MM 03398 D200
5204443 57 133019.82 100.00 100.00 58044 52044

Missing Component Report
Component Expected Retention (Calibration Fite)

All components were found
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Compound 31
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Compound 41
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DEFAULT REPORT

Peak Component Time Brea Height  Arsa MNomm. Area Cal.  Volt BL  Raw  Adjusted
# Name [min] [ut=sec] [uW] [%a] [7%] Rangs Range Amount  Amount
1 37.033 9320890.18 118329.y5 50.03 50.03 MM B320%  9.3200

2 43 845 9311258.89 102801.55 4587 4087 MM B3IN3 83113
13032147.07 221131.31 100.00 100.00 16.8321 18.6321

Missing Component Report
Component Expected Retention (Calibration File)

Al components were found
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Compound 41

DEFAULT REPORT

Peak Component Time Area Height  Area MNomm. Area Cal.  Volt BL  Raw  Adjusted
# Mame [min] [uV"sec] [uv] 3] [%] Range Range Armount  Armount
1 30417 1337232413 18960758 8335 9335 MM 133728 13.3746

2 40,148 93279930 1130315 6.65 6.65 MM 09528 0.B52E
14327593.43 130910.73 100.00 100.00 14,3278 143276

Missing Component Repaort
Component Expected Retenbon (Calibration Fite)

Al components were found
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Compound 3m
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Compound 4m
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Compound 4m
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| cocs ||

| 29,0 ||
Frequency |300.07|

Solvent

Parameter
Temperature
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nitroisoxazol-5-yl)-2,3-dihydro-1-H-pyrrole-2 carboxylate which have been crystallized for the

We also reported the analytical data for the compound (28S,3S)-ethyl 3-(3-bromophenyl)-4-
absolute configuration CCDC1009050.
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Compound 7

7.2617
7.263
7.248
7242
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