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1. General information:

NMR spectra were recorded on Varian Mercury Plus 500 instruments at 500 MHz
(‘"H NMR), 125 MHz (>C NMR) or Bruker AvanCE™ 400 MHz ('"H NMR), 100
MHz (*C NMR). Chemical shifts were reported in ppm down field from internal
MesSi. MS were recorded on a VG ZAB-HS spectrometer with the ESI resource.
Optical rotations were determined using an Autopol IV-T. IR spectra were recorded
on an AVATAR 360 FT-IR spectromer. HPLC analyses were carried out on a Hewlett
Packard Model HP 1200 instrument.

Materials:

Tetrahydrofuran (THF), diethyl ether, benzene and toluene were distilled from
sodium/benzophenone prior to use; CH,Cl, were distilled from CaH,. All purchased
reagents were used without further purification. 4,4’-Bipiperidine dihydrochloride and
4,4’-Ethylenedipiperidine dihydrochloride were purchased from Aldrich chemicals,
Inc. 1,3-Bis(4-piperidinyl)propane was purchased from Alfa Aesar chemicals, Inc.

3,3-disubstituted (S)-binol-derived were synthesized according to the literatures.'
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2. Preparation of catalysts:

l l Ar l ! Ar
CH,Br K,CO Br/
>+ HN CH NH —2--38 (CHaX  N*
CH,Br n pZ
CH4CN
n=0,2,3
Ar

Ar

6a, n = 0, Ar = 3,5-(3,4,5-F3CgH),CeHs; 6b, n = 2, Ar = 3,5-(3,4,5-F3CgH,),CeHs3
6C, N =3, Ar = 3,5-(3,4,5-F3CgH2),CeHa; 6d, n = 0, Ar =3,5-[3,5-(CFa),CoHal,CoHa
6e, n = 2, Ar = 3,5-[3,5-(CF3),CgH3],CeHa; 6f, n = 3, Ar = 3,5-[3,5-(CF3),CsH3l,CeH3

A mixture of 3,3-disubstituted (S)-binol-derived dibromide' (1.1 mmol),
Bipiperidine (0.5 mmol) and K,CO3 (207 mg, 1.5 mmol) in acetonitrile (10 mL) was
heated to reflux, and stirring was maintained for 48 h. The resulting mixture was
poured into water and extracted with CH,Cl,. The organic extracts were dried over
Na;SO4 and concentrated. The residue was purified by column chromatographyon

silica gel (MeOH/CH,Cl, = 1/50 as eluant) to furnish (S,S)-6.

(S,S)-6a: 624.9 mg, 56% yield; [0]*’p 9.4 (¢ 1.0, CH,CL,); 'H NMR (500 MHz,
CDCl3) § 0.76-0.78 (m, 2H), 1.06-1.07 (m, 2H), 1.13-1.16 (m, 2H), 1.24—1.26 (m,
4H), 2.77 (d, J = 10.5 Hz, 4H), 3.20-3.21 (m, 2H), 3.60-3.74 (m, 4H), 3.86 (d, J =
12.5 Hz, 2H), 4.45-4.48 (m, 2H), 5.36-5.39 (m, 2H), 7.29-7.32 (m, 8H), 7.42-7.49
(m, 20H), 7.68-7.73 (m, 8H), 7.90 (s, 4H), 8.08-8.12 (m, 8H); °C NMR (125 MHz,
CDCls) & 152.5-152.6 (m), 152.3—-152.4 (m), 150.1-150.1 (m), 149.8-149.9 (m),
140.9-141.1 (m), 140.4—140.6 (m), 139.9-140.1 (m), 139.5-139.6 (m), 138.9, 138.4,
138.3, 138.1, 138.0, 137.8, 136.3-136.8 (m), 135.2-135.3 (m), 134.5, 133.9, 133.6,
131.5, 130.9, 130.7, 130.5, 129.7, 129.0, 128.7, 128.5, 128.2, 127.9, 127.9, 127.6,
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126.4, 126.3, 124.1, 123.5, 67.1, 62.8, 60.4, 58.1, 53.4, 52.5, 40.8, 34.4, 31.9, 29.7,
29.6, 29.3, 22.7, 21.0, 20.6, 18.3, 14.1; IR (KBr) v 3398, 3053, 2934, 2858, 1616,
1585, 1526, 1456, 1400, 1345, 1242, 1044, 881, 852, 751, 663 cm™'; MS (ESI) m/z
1035.63 ([M — 2Br]*/2, C126H74F24N,>* requires 1035.95).

(S,S)-6b: 564.9 mg, 50% yield; [a]*’p +5.5 (¢ 1.0, CH.CL); 'H NMR (500 MHz,
CDCls) & 0.70-0.72 (m, 2H), 0.84-0.92 (m, 4H), 1.12—1.26 (m, 8H), 2.59-2.65 (m,
2H), 2.93-3.09 (m, 4H), 3.49-3.59 (m, 2H), 3.77-3.90 (m, 4H), 4.90-5.01 (m, 4H),
7.14-7.17 (m, 2H), 7.22-7.24 (m, 2H), 7.33 (t, J = 6.5 Hz, 6H), 7.41-7.52 (m, 20H),
7.69—7.77 (m, 10H), 8.03 (d, J = 7.5 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.18 (d, J =
9.5 Hz, 4H); C NMR (125 MHz, CDCl; & CD;OD) & 152.6-152.7 (m),
152.4-152.5 (m), 150.6—150.7 (m), 150.4-150.5 (m), 141.3—141.4 (m), 140.7-140.8
(m), 140.6-140.7 (m), 140.4-140.5 (m), 139.9, 139.5, 138.8, 138.6, 138.1, 137.8,
136.5-136.7 (m), 135.9-136.1 (m), 134.2, 131.7, 131.2, 131.1, 131.0, 129.1, 129.0,
128.9, 128.7, 128.6, 128.5, 128.2, 128.1, 128.0, 128.0, 127.8, 127.6, 127.6, 126.0,
125.3, 123.9, 123.5, 63.0, 60.3, 57.4, 56.5, 53.6, 52.4, 32.0, 31.8, 30.1, 29.7, 29.7,
29.4, 26.5, 25.7, 22.7, 21.0, 17.6, 13.8; IR (KBr) v 3324, 3049, 2929, 2863, 1616,
1527, 1457, 1400, 1345, 1243, 1044, 852, 748, 664 cm™'; MS (ESI) m/z 1049.73 ([M
— 2Br]**/2, C1osH7sF24No>" requires 1049.98).
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(S,S)-6¢: 670.7 mg, 59% vyield; [a]*’p +3.4 (¢ 1.0, CH,CL); 'H NMR (500 MHz,
CDCls) & 0.52—0.55 (m, 2H), 0.67—0.69 (m, 2H), 0.84-0.89 (m, 4H), 1.25 (s, 4H),
1.41 (d, J=11.0 Hz, 4H), 2.79 (d, J = 11.0 Hz, 2H), 3.17 (s, 4H), 3.49 (d, J = 13.0 Hz,
2H), 3.84-3.89 (m, 4H), 4.96 (t, J = 14.5 Hz, 4H), 7.25-7.28 (m, 2H), 7.31-7.49 (m,
24H), 7.54 (s, 2H), 7.62—7.70 (m, 8H), 7.77 (s, 2H), 7.83 (s, 2H), 8.06-8.10 (m, 4H),
8.15 (s, 2H), 8.20 (s, 2H); *C NMR (125 MHz, CDCl) & 152.4-152.6 (m),
152.2-152.3 (m), 150.4-150.6 (m), 150.2—-150.3 (m), 141.3—141.4 (m), 140.7-140.9
(m), 140.4-140.6 (m), 139.9-140.1 (m), 139.6, 138.9, 138.6, 138.5, 138.0,
136.4-136.5 (m), 135.7-135.8 (m), 134.1, 133.2, 131.9, 131.8, 131.8, 131.3, 131.2,
131.0, 129.4, 129.3, 129.2, 129.2, 128.9, 128.8, 128.6, 128.4, 128.2, 128.0, 127.9,
127.8, 127.7, 125.9, 125.3, 124.0, 123.7, 63.0, 60.3, 57.9, 57.1, 53.8, 52.8, 35.5, 33.9,
33.5,32.1, 30.7, 29.9, 29.8, 29.5, 26.5, 26.0, 25.6, 25.0, 22.9, 18.4, 14.3; IR (KBr) v
3395, 3052, 2930, 2858, 1616, 1585, 1532, 1456, 1400, 1345, 1243, 1041, 852, 789,
664 cm™'; MS (ESI) m/z 1056.99 (M — 2Br]**/2, C120HgoF24N,** requires 1056.99).
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CFs FsC

(S,S)-6d: 837.5 mg, 58% yield; [a]*’p —18.0 (¢ 1.0, CH,CL); 'H NMR (500 MHz,

CDCl3) § 0.95-0.97 (m, 2H), 1.28 (s, 8H), 2.30-2.36 (m, 2H), 2.87 (s, 4H), 3.24 (d, J
= 10.5 Hz, 2H), 3.90-4.13 (m, 4H), 4.55-4.57 (m, 2H), 5.49-5.49 (m, 2H), 7.42 (s,
2H), 7.49-7.53 (m, 10H), 7.57-7.59 (m, 3H), 7.70-7.73 (m, 7H), 7.77-7.79 (m, 6H),
7.88-7.93 (m, 6H), 8.10-8.17 (m, 10H), 8.20-8.25 (m, 8H), 8.43 (s, 4H); °C NMR
(125 MHz, CDCl3) & 143.6, 142.6, 142.5, 141.4, 141.4, 141.2, 141.0, 140.3, 140.1,
139.8, 139.2, 138.7, 138.1, 134.1, 133.9, 132.5, 132.3, 132.2, 132.1, 132.0, 131.9,
131.8, 131.7, 131.7, 131.6, 131.5, 131.3, 131.1, 131.0, 130.8, 130.7, 130.0,
129.5-125.7 (m), 129.2, 129.1-129.2 (m), 129.0, 128.9, 128.8, 128.7, 128.5, 128.4,
128.2, 128.1, 127.9, 127.8, 127.7, 127.5, 127.0, 126.7, 125.5, 124.8, 124.6, 124.5,
124.3, 123.9, 122.6, 122.4, 122.4, 121.6, 121.5, 121.1, 120.5, 120.2, 60.6, 58.2, 55.3,
53.6, 33.6, 32.2, 30.5, 29.9, 29.9, 29.6, 24.7, 23.0, 22.9, 21.6, 18.4, 14.3; IR (KBr) v
3349, 3067, 2926, 2863, 1618, 1588, 1464, 1368, 1279, 1178, 1136, 899, 844, 707,
683 cm™'; MS (ESI) m/z 1363.66 ([M — 2Br]**/2, C4,Hg:FasNo>* requires 1364.05).
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(S,S)-6e: 903.9 mg, 62% vyield; [0]*’p —2.1 (¢ 1.0, CH,CL); 'H NMR (500 MHz,
CDCls) 8 0.62 (s, 4H), 0.97—0.99 (m, 2H), 1.25 (d, J=11.5 Hz, 8H), 2.73 (d, J=11.5
Hz, 2H), 3.14 (s, 4H), 3.30-3.36 (m, 2H), 3.60 (d, J = 13.0 Hz, 2H), 3.83 (d, J = 13.0
Hz, 2H), 4.67 (d, J = 8.5 Hz, 2H), 5.01 (d, J = 12.5 Hz, 2H), 7.50-7.54 (m, 10H),
7.74-7.79 (m, 10H), 7.85 (d, J = 14.5 Hz, 4H), 7.91-7.94 (m, 8H), 8.02 (s, 4H), 8.08
(d, J = 5.5 Hz, 8H), 8.14 (s, 6H), 8.20-8.23 (m, 4H), 8.36 (s, 2H); °C NMR (125
MHz, CDCl; & CD;OD) & 146.5, 146.4, 145.9, 145.7, 144.7, 144.7, 144.6, 143.1,
143.0, 142.0, 142.0, 138.2, 138.1, 137.2, 137.1, 136.9, 136.8, 136.7, 136.6, 136.5,
136.4, 136.3, 136.2, 136.1, 135.9, 135.9, 135.6-135.8 (m), 135.3-135.4 (m), 135.2,
135.1, 133.5-133.7 (m), 133.0-133.1 (m), 132.9, 132.4, 132.2, 131.9, 131.7, 131.6,
131.4, 131.1, 130.6, 130.5, 130.4, 130.0, 128.5, 128.4, 128.3., 128.2, 127.4, 127.3,
126.3-126.4 (m), 126.3, 126.2, 126.1, 126.0, 125.5-125.6 (m), 124.1, 124.0. 123.9.
123.9. 72.2, 71.7, 66.9, 64.1, 63.8, 59.8, 56.3, 36.0, 34.6, 33.7, 33.4, 31.4, 30.2, 30.2,
29.7, 26.7, 22.6, 18.8, 18.0; IR (KBr) v 3349, 3047, 2929, 2858, 1618, 1588, 1464,
1368, 1279, 1170, 1136, 882, 844, 707, 683 cm '; MS (ESI) m/z 1378.07 (IM
— 2Br]*/2, C144HssF4sNy>* requires 1378.08).
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(S,S)-6f: 937.6 mg, 64% yield; [a]*’p +4.8 (¢ 1.0, CH,CL); '"H NMR (500 MHz,
CDCls) & 0.47-0.49 (m, 2H), 0.66—0.68 (m, 2H), 0.78-0.80 (m, 2H), 0.84—0.94 (m,
2H), 1.14 (s, 2H), 1.26 (s, 2H), 1.36 (s, 2H), 1.48 (d, J = 13.0 Hz, 2H), 2.96-3.02 (m,
4H), 3.23 (d, J = 11.0 Hz, 2H), 3.45 (t, J = 11.5 Hz, 2H), 3.60-3.64 (m, 2H), 4.03 (d,
J=13.5 Hz, 2H), 4.79 (d, J = 13.0 Hz, 2H), 5.07 (d, J = 13.0 Hz, 2H), 7.49-7.57 (m,
8H), 7.61 (s, 2H), 7.72-7.76 (m, 4H), 7.86 (t, J = 10.0 Hz, 8H), 7.95 (d, J = 12.0 Hz,
6H), 7.99 (s, 2H), 8.05 (s, 6H), 8.17 (d, J = 7.5 Hz, 8H), 8.21 (d, J = 13.0 Hz, 8H),
8.27 (s, 2H), 8.31 (s, 2H); °*C NMR (125 MHz, CDCl; & CD;0D) & 142.4 ,142.0,
141.9, 141.9, 141.8, 141.2, 141.0, 140.6, 140.5, 139.3, 139.0, 138.2, 138.2, 134.3,
134.2, 133.2, 130.0, 132.9, 132.7, 132.6, 132.5, 132.4-132.5 (m), 132.2-132.3 (m),
132.1, 131.9-132.0 (m), 131.7, 131.3, 131.1, 130.6, 130.2, 130.0-130.1 (m), 129.9,
129.2, 129.1, 129.0, 129.0, 128.9, 128.9, 128.6, 128.3, 128.2, 128.2, 128.0, 127.8
127.7, 127.6, 126.9, 126.7, 126.6, 126.5, 126.2, 125.4, 124.6, 124.5, 124.3, 123.7,
123.4, 122.4, 122.3, 122.2-122.3 (m), 122.2, 121.7-121.8 (m), 120.2, 120.1, 120.0,
63.1, 60.3, 57.7, 56.8, 53.7, 52.6, 35.5, 32.0, 30.9, 29.8, 29.8, 29.5, 26.9, 25.5, 22.8,
22.6,20.8, 17.9, 14.1; IR (KBr) v 3339, 3057, 2934, 2893, 1623, 1598, 1460, 1368,
1279, 1176, 1132, 883, 844, 702, 684 cm™'; MS (ESI) m/z 1385.07 ([M — 2Br]**/2,
C145HssF4sN,*" requires 1385.09).
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Ar Ar
O SON"
CHzBI‘ K2C03 +
CH,Br = 1IN N
os Sl e
Ar

8

Ar

Ar = 3,5-[3,5-(CF3),CgH3],CeH3

A mixture of 3,3-disubstituted (S)-binol-derived dibromide' (792.5 mg, 0.55 mmol),

piperidine (42.6 mg, 0.5 mmol) and K,CO; (103.7 mg, 0.75 mmol) in acetonitrile (5
mL) was heated to reflux, and stirring was maintained for 12 h. The resulting mixture
was poured into water and extracted with CH,Cl,. The organic extracts were dried
over NaSO; and concentrated. The residue was purified by column
chromatographyon silica gel (MeOH/CH,Cl,= 1/30 as eluant) to furnish (S)-8.
(S)-8: 540.5 mg, 75% yield. [a]*’b —0.6 (¢ 1.0, CH,CL,); '"H NMR (400 MHz, CDCls)
0 0.87-0.95 (m, 2H), 1.36—1.45 (m, 2H), 1.57 (s, 2H), 3.35 (s, 2H), 3.75 (d, J = 13.2
Hz, 2H), 3.95 (s, 2H), 5.37 (d, J = 13.2 Hz, 2H), 7.49-7.57 (m, 4H), 7.67 (s, 2H), 7.74
(t, J=7.2 Hz, 2H), 7.88 (d, J = 7.2 Hz, 4H), 7.94 (d, J = 8.8 Hz, 4H), 8.14-8.23 (m,
12H); >C NMR (100 MHz, CDCls) & 141.9, 141.8, 141.2, 141.0, 140.8, 138.9, 138.4,
133.9, 133.1, 132.7, 132.4, 132.1, 131.7, 131.6, 131.4—131.5 (m), 130.9, 129.6, 128.8,
128.5, 128.1, 127.5, 127.3, 126.7, 124.6, 123.7, 121.9-122.0 (m), 121.8, 119.1, 60.3,
58.1, 58.0, 57.8, 29.7, 20.3, 19.7; IR (KBr) v 3666, 3349, 3062, 2939, 1618, 1587,
1500, 1469, 1368, 1280, 1175, 1129, 1024, 885, 844, 742, 706 cm™'; MS (ESI) m/z
1364.52 ([M — Br]", C7;H4,F24N " requires 1365.06).
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3. Optimizing of the Michael Addition Conditions:*

O
A
Ph,C=N —>
) ) e om  sone

0 PTC
base

4a 3
PTC
R
OO Br_
N el
L

Cat-1,n=0,R=H; Cat-2,n=2,R=H; Cat-3,n=3, R=H;

Cat-4,n =0, R = CgHs; Cat-5, n =2, R = CgHg; Cat-6, n = 3, R = CgHs;

Cat-7,n =0, R = 3,4,5-F3C¢H>; Cat-8, n = 2, R = 3,4,5-F;CgHa;

Cat-9,n =3, R = 3,4,5-F;CgH,; 7a,n =0, R = 3,5-(CF3),CgHs3;

Cat-10, n = 2, R = 3,5-(CF3),CgH3; 7b, n = 3, R = 3,5-(CF3),CgHs.

6a, n = 0, Ar = 3,5-(3,4,5-F3C4H,),CgH3; 6b, n = 2, Ar = 3,5-(3,4,5-F3C¢H,),CeH3

6¢c, n = 3, Ar = 3,5-(3,4,5-F3C¢H,),CgH3; 6d, n = 0, Ar =3,5-[3,5-(CF3),CeH3],CeH3

6e, n = 2, Ar = 3,5-[3,5-(CF3),CgH3],CgHg; 6f, n =3, Ar = 3,5-[3,5-(CF3),CgH3],CgH3

entry Catalyst temp solvent base time  yield er? dr"

(mol %) (°C) m )
1 Cat-1 (2) 10 toluene Cs,COs(2eq) 36 85 56.5:43.5 97:3
2 Cat-2 (2) 10 toluene Cs,CO;(2eq) 36 87 56.5:43.5 97:3
3 Cat-3 (2) 10 toluene Cs,CO;(2eq) 36 84 54.5:45.5 97:3
4 Cat-4 (1) 10 toluene Cs,CO;(2eq) 48 95 66.5:33.5 97:3
5 Cat-5 (1) 10 toluene Cs,CO;(2eq) 48 98 72:28 95:5
6 Cat-6 (1) 10 toluene Cs,CO5(2eq) 48 92 61.5:38.5 97:3
7 Cat-7 (1) 10 toluene Cs,CO;(2eq) 48 86 65:35 95:5
8 Cat-8 (1) 10 toluene Cs,C0Os(2eq) 48 92 72.5:27.5 96:4
9 Cat-9 (1) 10 toluene Cs,C0Os(2eq) 48 92 75:25 96:4
10 Ta (1) 10 toluene Cs,CO;(2eq) 48 98 74.5:25.5 98:2
11 Cat-10 (1) 10 toluene Cs,C0O5(2eq) 48 90 74:26 98:2
12 7b (1) 10 toluene Cs,C0Os(2eq) 48 85 72.5:27.5 97:3
13 6a (1) 10 toluene Cs,C0O5(0.5¢q) 48 88 69:31 97:3
14 6b (1) 10 toluene Cs,C0O5(0.5¢q) 48 98 90:10 97:3
15 6¢ (1) 10 toluene Cs,C0O5(0.5¢q) 48 98 85:15 97:3
16 6d (1) 10 toluene Cs,C0O5(0.5¢q) 48 95 86.5:13.5 97:3
17 6e (1) 10 toluene Cs,C0O5(0.5¢q) 48 96 83.5:16.5 97:3
18 6f (1) 10 toluene Cs,C0O5(0.5¢q) 48 98 94:6 96:4
19 6f (1) 10 xylene Cs,CO;(0.5¢q) 48 98 95:5 98:2
20 6f (1) 10 CH,Cl, Cs,CO;(0.5¢q) 48 96 70:30 96:4
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21 6f (1) 10 THF Cs,C05(0.5¢q) 48 90 79.5:20.5 96:4
22 6f (1) 10 Et,O Cs,C05(0.5¢q) 48 93 91:9 98:2
23 6f (1) 10 benzene Cs,C05(0.5¢q) 48 98 86:14 97:3
24 6f (1) 10 chlorobenzene  Cs,CO5(0.5¢eq) 48 98 83:17 97:3
25 6f (1) 10 fluorobenzene  Cs,CO;(0.5¢q) 48 98 93:7 97:3
26° 6f (1) 10 toluene Cs,C05(0.5¢q) 48 92 92:8 97:3
27 6f (1) 10 anisole Cs,C05(0.5¢q) 48 96 85:15 97:3
28 6f (1) 10 mesitylene Cs,C05(0.5¢q) 48 94 85:15 97:3
29 6f (1) 10 p-xylene Cs,C0O5(0.5eq) 48 93 85:15 97:3
30 6f (1) 10 m-xylene Cs,C0O5(0.5¢q) 48 97 81.5:18.5 96:4
31 6f (1) 10 0-xylene Cs,C0O5(0.5¢eq) 48 95 81:19 97:3
32°¢ 6f (1) 10 xylene Cs,C05(0.5¢q) 48 98 92:8 97:3
33 ¢ 6f (1) 10 xylene Cs,C0O5(0.5¢eq) 48 98 89.5:10.5 97:3
34 6f (0.5) 10 xylene Cs,C05(0.5¢q) 60 98 85:15 97:3
35° 6f (1) 10 xylene Cs,C0O5(0.5¢eq) 72 82 94:6 98:2
36 6f (1) 10 xylene K,CO3(2eq) 72 72 96.5:3.5 96:4
37 6f (1) 10 xylene CsOH(leq) 40 63 50:50 86:14
38 6f (1) 10 xylene NaOH(leq) 36 96 50:50 82:18
39 6f (1) 10 xylene Na,CO;(2eq) 48 <5 \ \
40 6f (2) 10 xylene Cs,C05(0.5¢q) 36 96 95:5 97:3
41 6f (2) 10 xylene K,CO3(2eq) 72 83 96:4 95:5
42 6f (1) 10 xylene Cs,C05(0.2eq) 48 89 95:5 97:3
43 6f (1) 10 xylene Cs,C0O5(0.1eq) 48 69 95:5 96:4
44 6f (1) 10 xylene Cs,CO5(0.05eq) 48 85 95:5 97:3
45 6f (1) 0 xylene Cs,C05(0.5¢q) 96 72 91:9 98:2
46 6f (1) 25 xylene Cs,C05(0.5¢q) 24 98 95.5:4.5 97:3
47 6f (1) 30 xylene Cs,C0O3(0.5eq) 12 98 96.5:3.5 97:3
48 6f (1) 35 xylene Cs,C05(0.5¢q) 12 98 95:5 95:5
49 6f (1) 40 xylene Cs,C05(0.5¢q) 12 98 92.5:7.5 93:7
50 6f (1) 30 xylene K,CO3(2eq) 12 78 96:4 97:3

#N-(diphenylmethylene)glycine tert-butyl ester 3 (29.5 mg, 0.1 mmol), chalcone 4a (21.8 mg, 0.105 mmol), PTC,
base, 0.5mL solvent. ® Toluene was used without further purification. ° Xylene was distilled from CaH,. 40.25 mL
xylene and 0.25 ml hexane. °1 mL xylene. fYield of isolated product after purification. ¢ Determined by HPLC

analysis. " Determined by NMR or HPLC.
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4. General Procedure for Catalyzed Michael Addition:

6f (1 mol %)

O Cs,CO; (0.5 _
0 $2C03 (0.5€0) pp. c=NZ
o e, RO e
OBuU! Xylene A
30°C,12h

4 3

N-(diphenylmethylene)glycine tert-butyl ester 3 (29.5 mg, 0.1 mmol) was added to
a mixture of substituted enones 4 (0.105 mmol), (S,S)-6f (2.9 mg, 0.001 mmol) and
Cs,COs3 (16.3 mg, 0.05 mmol) in xylene (0.5 mL) under argon atmosphere, the
resulting solution was stirred at 30 °C for 12 h. The resulting mixture was purified by
column chromatographyon silica gel (AcOEt/petroleum ether = 1/10 as eluant) to

furnish the conjugate adducts 5.

(2R,3S)-tert-Butyl  2-(diphenylmethyleneamino)-5-o0xo-3,5-diphenylpentanoate
(5a): 49.4 mg, 98% yield; [0]*’p +81.7 (¢ 1.0, CH,Cl,); '"H NMR (500 MHz, CDCls) &
1.36 (s, 9H), 3.64-3.67 (m, 1H), 3.77-3.83 (m, 1H), 4.22-4.26 (m, 2H), 6.75 (d, J =
6.5 Hz, 1H), 7.14-7.19 (m, 5H), 7.32-7.39 (m, 5H), 7.42—7.47 (m, 3H), 7.55 (t, J =
7.5 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 8.01 (d, J = 8.0 Hz, 2H); *C NMR (125 MHz,
CDCl3) 0 198.9, 171.4, 170.2, 141.6, 139.6, 137.4, 136.5, 133.1, 130.6, 129.1, 128.8,
128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 127.7, 126.8, 84.5, 71.2, 45.0, 40.3, 28.1;
MS (ESI) m/z 504.14 [M + 1]%; IR (KBr) v 3060, 3021, 2976, 2930, 1728, 1687, 1622,
1597, 1493, 1447, 1367, 1286, 1148, 1002, 846, 698 cm™'; dr = 97/3, er = 96.5/3.5,
determined by HPLC analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5, 0.5

ml/min, 254 nm UV detector), tg = 21.8 min (major) and tg = 30.3 min (minor).
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o Y

o}
PORA®
(2R,3S)-tert-Butyl 3-(4-bromophenyl)-2-(diphenylmethyleneamino)-5-0xo-5-

phenylpentanoate (5b): 57.1 mg, 98% yield; [a]*’p +52.6 (¢ 1.0, CH,CL); '"H NMR
(500 MHz, CDCl3) & 1.36 (s, 9H), 3.60-3.63 (m, 1H), 3.75-3.81 (m, 1H), 4.15-4.18
(m, 2H), 6.75 (d, J = 6.0 Hz, 2H), 7.05 (d, J = 8.5 Hz, 2H), 7.29-7.39 (m, 7H),
7.41-7.48 (m, 3H), 7.54-7.57 (m, 1H), 7.67-7.69 (m, 2H), 7.97-7.99 (m, 2H); *C
NMR (125 MHz, CDCl;) 6 198.6, 171.7, 170.0, 140.8, 139.4, 137.2, 136.3, 133.2,
131.4, 130.7, 130.5, 129.0. 128.8, 128.7, 128.5, 128.4, 128.3, 127.6, 120.6, 81.8, 70.8,
443, 39.9, 29.1; MS (ESI) m/z 584.11 [M + 1]%, 582.13 [M + 1]"; IR (KBr) v 3058,
2974, 2931, 1730, 1686, 1621, 1596, 1488, 1447, 1368, 1285, 1149, 1074, 1010, 834,
698 cm_l; dr = 95/5, er = 94/6, determined by HPLC analysis (Chiralpak AD-H,
n-hexane/2-propanol = 95/5, 0.6 ml/min, 254 nm UV detector), tg = 24.0 min (major)

and tg = 37.5 min (minor).

o Y

0
thC:N O
BORA®
(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-3-(4-fluorophenyl)-5-oxo-5-

phenylpentanoate (5¢): 51.2 mg, 98% yield; [a]*’p +74.6 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCls) & 1.34 (s, 9H), 3.59-3.63 (m, 1H), 3.70-3.75 (m, 1H), 4.16—4.22
(m, 2H), 6.78 (d, J = 6.5 Hz, 2H), 6.85-6.89(m, 2H), 7.12-7.15 (m, 2H), 7.34-7.39
(m, 5H), 7.41-7.47 (m, 3H), 7.53-7.56 (m, 1H), 7.69-7.71 (m, 2H), 7.96-7.98 (m,
2H); *C NMR (125 MHz, CDCls) 6 198.8, 171.6, 170.1, 162.8, 160.8, 139.4, 137.3,
137.3, 137.2, 136.4, 133.2, 130.7, 130.3, 130.2, 129.1, 128.8, 128.7, 128.5, 128.4,
128.3, 127.7, 115.7, 115.2, 81.7, 71.1, 44.2, 40.3, 28.1; MS (ESI) m/z 520.17 [M —
H]; IR (KBr) v 3062, 3010, 2975, 2928, 1733, 1674, 1621, 1596, 1510, 1446, 1365,

S13



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

1288, 1220, 1157, 1011, 840, 692 cm™'; dr = 96/4, er = 95/5, determined by HPLC
analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV

detector), tg = 6.5 min (major) and tg = 14.2 min (minor).

0
thC:N (@)
(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-oxo-5-phenyl-3-p-tolyl-

pentanoate (5d): 50.8 mg, 98% yield; [0]*’b +73.4 (¢ 1.0, CH.Cl,); "H NMR (500
MHz, CDCl3) 6 1.36 (s, 9H), 2.27 (s, 3H), 3.63-3.66 (m, 1H), 3.75-3.80 (m, 1H),
4.17-4.21 (m, 2H), 6.77 (d, J = 7.0 Hz, 2H), 6.78 (d, J = 7.5 Hz, 2H), 7.07 (d, J = 8.0
Hz, 2H), 7.33-7.39 (m, 5H), 7.42—-7.47 (m, 3H), 7.53-7.56 (m, 1H), 7.73 (d, J = 8.0
Hz, 2H), 8.01 (d, J = 8.0 Hz, 2H); °C NMR (125 MHz, CDCl3) & 199.0, 171.3, 170.3,
139.7, 138.5, 137.4, 136.6, 136.2, 133.0, 130.6, 129.1, 129.0, 128.7, 128.6, 128.6,
128.4,128.3, 127.8, 81.4,71.3, 44.7, 40.3, 28.1, 21.3; MS (ESI) m/z 518.23 [M + 1]";
IR (KBr) v 3062, 3027, 2970, 2924, 1728, 1687, 1629, 1598, 1511, 1447, 1367, 1289,
1149, 1003, 850, 695 cm_l; dr = 95/5, er = 94/6, determined by HPLC analysis
(Chiralpak OD-H, n-hexane/2-propanol = 98/2, 0.8 ml/min, 254 nm UV detector), tg

= 8.5 min (major) and tg = 24.8 min (minor).

o Yo

@)

JJ T

(2R,3S)-tert-Butyl  2-(diphenylmethyleneamino)-3-(4-methoxyphenyl)-5-o0xo-5-
phenylpentanoate (5e): 49.1 mg, 92% vyield; [a]*’b +80.4 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCl3) 6 1.34 (s, 9H), 3.57-3.60 (m, 1H), 3.66-3.70 (m, 1H), 3.73 (s, 3H),
4.14-4.16 (m, 2H), 6.72 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 7.0 Hz, 2H), 7.07 (d, J = 8.5
Hz, 2H), 7.33-7.38 (m, 5H), 7.40-7.46 (m, 3H), 7.52—7.55 (m, 1H), 7.70 (d, J = 7.5
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Hz, 2H), 7.97 (d, J = 8.0 Hz, 2H); °C NMR (125 MHz, CDCl3) § 199.1, 171.3, 170.3,
158.4, 139.6, 137.4, 136.5, 133.6, 133.0, 130.6, 129.7, 129.1, 128.7, 128.6, 128.5,
128.4, 128.2, 127.8, 113.7, 81.5, 71.3, 55.4, 44.3, 40.6, 28.1; MS (ESI) m/z 534.19
[M + 177; IR (KBr) v 3058, 3027, 2974, 2931, 1726, 1687, 1612, 1597, 1513, 1447,
1367, 1246, 1149, 1031, 830, 694 cm™'; dr = 97/3, er = 96/4, determined by HPLC
analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV

detector), tg = 8.7 min (major) and tg = 24.4 min (minor).

(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-oxo-3-(3-phenoxyphenyl)-5-
phenylpentanoate (5f): 58.4 mg, 98% yield; [0]*’p +70.9 (¢ 1.0, CH,CL); '"H NMR
(500 MHz, CDCls) & 1.36 (s, 9H), 3.55-3.59 (m, 1H), 3.72-3.78 (m, 1H), 4.13-4.18
(m, 2H), 6.79 (d, J = 7.5 Hz, 3H), 6.83 (d, J = 8.5 Hz, 3H), 6.93 (d, J = 8.0 Hz, 1H),
7.02 (t, J = 7.0 Hz, 1H), 7.13=7.21 (m, 3H), 7.33-7.41 (m, 6H), 7.44—7.47 (m, 2H),
7.54-7.57 (m, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.97 (d, J = 8.0 Hz, 2H); °C NMR (125
MHz, CDCls) 6 198.8, 171.5, 170.1, 157.3, 157.1, 143.7, 139.5, 137.4, 136.5, 133.1,
130.6, 129.8, 129.6, 129.1 ,127.7, 128.6, 128.5, 128.4, 128.2, 127.7, 123.8, 123.1,
119.2, 118.8, 117.3, 81.6, 70.9, 44.8, 40.0, 28.1; MS (ESI) m/z 596.25 [M + 1]%; IR
(KBr) v 3052, 3027, 2976, 2929, 1730, 1686, 1595, 1581, 1487, 1446, 1367, 1247,
1148, 1073, 1002, 908, 846, 755, 692 cm™'; dr = 95/5, er = 92.5/7.5, determined by
HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm

UV detector), tg = 6.5 min (major) and tg = 12.0 min (minor).
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o Y-

o
thC:N O
Cl I I
(2R,3S)-tert-Butyl 3-(4-chlorophenyl)-2-(diphenylmethyleneamino)-5-o0xo-5-

phenylpentanoate (5g): 50.6 mg, 94% yield; [0]*’p +58.8 (¢ 1.0, CH,CL); '"H NMR
(500 MHz, CDCl3) 8 1.36 (s, 9H), 3.61-3.65 (m, 1H), 3.75-3.80 (m, 1H), 4.16—4.20
(m, 2H), 6.77 (d, J = 7.0 Hz, 2H), 7.11 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H),
7.34-7.39 (m, 5H), 7.41-7.48 (m, 3H), 7.54-7.57 (m, 1H), 7.69-7.70 (m, 2H),
7.97-7.99 (m, 2H); *C NMR (125 MHz, CDCl3) & 198.6, 171.7, 170.0, 140.2, 139.4,
137.2, 136.4, 133.2, 132.5, 130.7, 130.1, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4,
128.3, 127.7, 81.8, 70.9, 44.3, 40.0, 28.1; MS (ESI) m/z 538.18 [M]"; IR (KBr) v
3050, 3001, 2974, 2928, 1733, 1674, 1621, 1596, 1494, 1446, 1282, 1144, 1089, 1010,
836, 692 cm_l; dr =95/5, er = 92/8, determined by HPLC analysis (Chiralpak OD-H,
n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tx = 6.6 min (major)

and tg = 12.3 min (minor).

VA
O
thC:N (@)

(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-3-(naphthalen-2-yl)-5-oxo-5-
phenylpentanoate (5h): 54.3 mg, 98% yield; [a]*’p +62.1 (¢ 1.0, CH,Cl,); '"H NMR
(500 MHz, CDCls) & 1.36 (s, 9H), 3.76-3.80 (m, 1H), 3.94—4.00 (m, 1H), 4.35-4.46
(m, 2H), 6.68 (s, 2H), 7.24-7.26 (m, 2H), 7.33-7.41 (m, 6H), 7.43-7.48 (m, 3H),
7.54-7.57 (m, 1H), 7.66=7.71 (m, 3H), 7.75-7.76 (m, 3H), 8.03—8.04 (m, 2H); *C
NMR (125 MHz, CDCls) & 198.8, 171.6, 170.3, 139.6, 139.2, 137.4, 136.5, 133.6,
133.1, 132.6, 130.6, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 128.0, 127.9, 127.7,
127.5, 127.1, 126.0, 125.6, 81.6, 71.1, 45.1, 40.3, 28.1; MS (ESI) m/z 554.21 [M +
17%; IR (KBr) v 3059, 3028, 2971, 2928, 1734, 1673, 1619, 1596, 1511, 1447, 1365,
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1291, 1147, 1013, 826, 701 cm™"; dr = 93/7, er = 93/7, determined by HPLC analysis
(Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tr

= 8.3 min (major) and tg = 17.1 min (minor).

o Y

0]
thC:N (@)

I Cl I

(2R,3S)-tert-Butyl 3-(2-chlorophenyl)-2-(diphenylmethyleneamino)-5-o0xo-5-
phenylpentanoate (5i): 49.6 mg, 92% yield; [0]*’b +88.9 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCl3) & 1.41 (s, 9H), 3.70-3.74 (m, 1H), 4.00-4.06 (m, 1H), 433 (d, J =
4.0 Hz, 1H), 4.74-4.76 (m, 1H), 6.58 (d, J = 5.5 Hz, 2H), 7.14-7.10 (m, 2H), 7.19 (d,
J=17.5Hz, 1H), 7.27-7.31 (m, 3H), 7.34-7.43 (m, 4H), 7.47 (t, J = 7.5 Hz, 2H), 7.56
(t, J = 7.5 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 8.04 (d, J = 8.0 Hz, 2H); °C NMR (125
MHz, CDCls) 6 198.5, 171.8, 170.2, 139.5, 138.8, 137.2, 136.3, 134.7, 133.1, 130.6,
129.8, 129.3, 129.0, 128.7, 128.6, 128.4, 128.4, 128.2, 127.8, 127.5, 126.5, 81.7, 68.1,
40.9, 38.9, 28.2; MS (ESI) m/z 538.17 [M]"; IR (KBr) v 3059, 3025, 2977, 2930,
1728, 1687, 1625, 1596, 1475, 1446, 1368, 1291, 1149, 1073, 1036, 1002, 846, 752,
693 cm™'; dr = 99/1, er = 95.5/4.5,determined by HPLC analysis (Chiralpak OD-H,
n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tg = 7.1 min (major)

and tg = 9.5 min (minor).

o
.

(2R,3S)-tert-Butyl 3-(2-bromophenyl)-2-(diphenylmethyleneamino)-5-o0xo-5-

Br

phenylpentanoate (5j): 56.0 mg, 96% vyield; [a]*’> +93.4 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCL;) § 1.42 (s, 9H), 3.69-3.73 (m, 1H), 4.04-4.09 (m, 1H), 4.31 (d, J =
2.5 Hz, 1H), 470-4.73 (m, 1H), 6.52 (d, J = 4.0 Hz, 2H), 6.98-7.02 (m, 1H),
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7.08-7.11 (m, 1H), 7.16 (d, J = 7.5 Hz, 1H), 7.26-7.29 (m, 2H), 7.33-7.42 (m, 4H),
7.47 (t,J = 8.0 Hz, 3H), 7.56 (t, J = 7.5 Hz, 1H), 7.67 (d, J = 8.0 Hz, 2H), 8.04 (d, J =
7.5 Hz, 2H); >C NMR (125 MHz, CDCl3) & 198.5, 171.9, 170.1, 140.3, 139.4, 137.2,
136.3, 133.2, 133.1, 130.6, 129.4, 129.0, 128.7, 128.6, 128.5, 128.4, 128.2, 128.1,
127.4, 127.1, 125.7, 81.7, 68.0, 43.3, 38.9, 28.2; MS (ESI) m/z 582.04 [M + 17",
584.06 [M + 117 IR (KBr) v 3060, 3021, 2976, 2928, 1728, 1687, 1624, 1597, 1470,
1446, 1368, 1291, 1151, 1022, 1003, 846, 752, 696 cm™'; dr = 98/2, er = 95/5,
determined by HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8

ml/min, 254 nm UV detector), tg = 7.3 min (major) and tg = 8.8 min (minor).

o Yo

@)
thC:N (@)

o)

JJ 7T

(2R,3S)-tert-Butyl  3-(benzo[d][1,3]dioxol-5-yl)-2-(diphenylmethyleneamino)-5-
oxo-5-phenylpentanoate (5k): 51.5 mg, 94% yield; [a]*’p +74.3 (c 1.0, CH,CL,); 'H
NMR (500 MHz, CDCly) & 1.36 (s, 9H), 3.55-3.59 (m, 1H), 3.64-3.69 (m, 1H),
4.13-4.18 (m, 2H), 5.85 (s, 2H), 6.64-6.67 (m, 3H), 6.87 (d, J = 6.5 Hz, 2H),
7.35-7.41 (m, 5H), 7.42-7.47 (m, 3H), 7.55 (t, J = 7.5 Hz, 1H), 7.70-7.72 (m, 2H),
7.98-8.00 (m, 2H); °C NMR (125 MHz, CDCl;) § 198.9, 171.4, 170.2, 147.5, 146.3,
139.6, 137.3, 136.5, 135.4, 133.1, 130.6, 129.1, 128.8, 128.7, 128.5, 128.4, 128.3,
127.8, 121.9, 109.2, 108.2, 100.9, 81.5, 71.3, 44.8, 40.6, 28.1; MS (ESI) m/z 548.16
[M + 1]%; IR (KBr) v 3067, 3023, 2977, 2927, 1728, 1687, 1621, 1597, 1488, 1446,
1368, 1248, 1149, 1039, 935, 695 cm_l; dr = 95/5, er = 96/4, determined by HPLC

analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV

detector), tg = 9.8 min (major) and tg = 20.5 min (minor).
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o Y-

o
thC:N O

Cl I Cl I

(2R,3S)-tert-Butyl  3-(2,4-dichlorophenyl)-2-(diphenylmethyleneamino)-5-o0xo-5-
phenylpentanoate (51): 56.1 mg, 98% yield; [0]*’b +68.9 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCl3) 6 1.42 (s, 9H), 3.70-3.74 (m, 1H), 3.99-4.04 (m, 1H), 4.29 (d, J=
2.5 Hz, 1H), 4.66-4.69 (m, 1H), 6.64 (d, J = 4.5 Hz, 2H), 7.04-7.14 (m, 2H),
7.30-7.39 (m, 6H), 7.40-7.44 (m, 1H), 7.48 (t, J = 7.5 Hz, 2H), 7.57 (t, J = 7.5 Hz,
1H), 7.67 (d, J = 7.5 Hz, 2H), 8.03 (d, J = 7.0 Hz, 2H); *C NMR (125 MHz, CDCl;)
6 198.3, 172.1, 170.0, 139.3, 137.6, 137.0, 136.1, 135.3, 133.3, 132.8, 130.7, 130.1,
129.5, 129.0, 128.8, 128.7, 128.5, 128.4, 128.3, 127.4, 126.7, 81.9, 67.8, 40.4, 38.7,
28.2; MS (ESI) m/z 572.07 [M]"; IR (KBr) v 3073, 3006, 2974, 2924, 1732, 1673,
1621, 1595, 1476, 1445, 1366, 1285, 1144, 1009, 831, 691 cm™"; dr = 98/2, er = 95/5,
determined by HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8

ml/min, 254 nm UV detector), tg = 6.0 min (major) and tg = 7.5 min (minor).

VA
(0]
thC:N O
O

\_/

(2R,3R)-tert-Butyl  2-(diphenylmethyleneamino)-3-(furan-2-yl)-5-oxo-5-phenyl-
pentanoate (5m): 48.4 mg, 98% yield; [a]*’p +53.4 (¢ 1.0, CH,CL,); 'H NMR (500
MHz, CDCls) & 1.42 (s, 9H), 3.58-3.62 (m, 1H), 3.80-3.85 (m, 1H), 4.35-4.38 (m,
2H), 6.02 (d, J = 3.0 Hz, 1H), 6.20-6.21 (m, 1H), 6.94 (d, J = 6.0 Hz, 2H), 7.21-7.22
(m, 1H), 7.35 (t, J = 7.5 Hz, 2H), 7.39-7.43 (m, 4H), 7.48 (t, J = 7.5 Hz, 2H), 7.57 (t,
J=17.5Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 8.05 (d, J = 7.5 Hz, 2H); *C NMR (125
MHz, CDCls) 6 198.5, 171.7, 170.0, 155.1, 141.2, 139.8, 137.2, 136.5, 133.2, 130.6,
129.1, 128.8, 128.8, 128.5, 128.4, 128.2, 127.9, 110.4, 106.7, 81.7, 68.9, 38.6, 38.5,
28.2; MS (ESI) m/z 494.18 [M + 1]%; IR (KBr) v 3060, 3019, 2977, 2931, 1730, 1689,
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1625, 1597, 1504, 1447, 1368, 1258, 1158, 1013, 847, 701 cm™'; dr = 97/3, er = 95/5,
determined by HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8

ml/min, 254 nm UV detector), tg = 7.2 min (major) and tg = 25.8 min (minor).

o V-
o
O

Ph,C=N

(2R,3S)-tert-Butyl  2-(diphenylmethyleneamino)-5-oxo-3-phenyl-5-(pyridin-2-yl)
pentanoate (5n): 46.4 mg, 92% yield; [0]*’p +40.5 (¢ 1.0, CH,Cl,); "H NMR (500
MHz, CDCl3) & 1.29 (s, 9H), 3.76-3.80 (m, 1H), 3.94-3.99 (m, 1H), 4.21 (d, J = 6.0
Hz, 1H), 4.29-4.33 (m, 1H), 6.85 (d, J = 6.0 Hz, 2H), 7.10-7.13 (m, 1H), 7.17 (t, J =
7.0 Hz, 2H), 7.22 (d, J = 7.0 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.34-7.39 (m, SH),
7.64—7.70 (m, 3H) 7.87 (d, J = 8.0 Hz, 1H), 8.67 (d, J = 4.0 Hz, 1H); °C NMR (125
MHz, CDCls) 6 200.5, 171.0, 170.2, 153.7, 148.9, 142.0, 139.6, 136.8, 136.6, 130.4,
129.1, 129.0, 128.5, 128.4, 128.2, 128.1, 127.9, 127.0, 126.6, 122.0, 81.2, 71.4, 45.1,
39.7, 28.0; MS (ESI) m/z 505.15 [M + 1]%; IR (KBr) v 3062, 3027, 2975, 2919, 1728,
1698, 1619, 1582, 1490, 1445, 1367, 1284, 1147, 994, 850, 697 cm'; dr = 94/6, er =
94/6, determined by HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 90/10,

0.8 ml/min, 254 nm UV detector), tg = 7.3 min (major) and tg = 22.1 min (minor).

0
thC:N (@)
0 0
\ | \ /
(2R,3R)-tert-Butyl 2-(diphenylmethyleneamino)-3,5-di(furan-2-yl)-5-

oxopentanoate (50): 44.0 mg, 91% yield; [a]*’p +64.1 (c 1.0, CH,CL); 'H NMR (500
MHz, CDCl;) & 1.40 (s, 9H), 3.37-3.41 (m, 1H), 3.60-3.65 (m, 1H), 4.30—4.34 (m,
2H), 6.03 (d, J = 3.0 Hz, 1H), 6.18-6.19 (m, 1H), 6.50—6.51 (m, 1H), 6.93 (d, J = 6.0
Hz, 2H), 7.19-7.20 (m, 1H), 7.25 (d, J = 3.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 2H),
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7.38-7.40 (m, 4H), 7.56 (s, 1H), 7.44—7.46 (m, 2H); °C NMR (125 MHz, CDCl3) &
187.5, 171.7, 169.9, 154.8, 152.9, 146.5, 141.3, 139.7, 136.5, 130.6, 129.1, 129.1,
128.8, 128.5, 128.2, 128.1, 127.9, 127.9, 117.5, 112.4, 110.4, 106.9, 81.7, 68.8, 38.6,
38.5,28.1; MS (ESI) m/z 484.09 [M + 1]%; IR (KBr) v 3119, 3052, 2977, 2931, 1728,
1679, 1624, 1569, 1504, 1468, 1368, 1290, 1149, 1078, 1011, 908, 845, 734, 696, 597
cm_l; dr = 98/2, er = 94.5/5.5, determined by HPLC analysis (Chiralpak OD-H,
n-hexane/2-propanol = 90/10, 0.8 ml/min, 254 nm UV detector), tg = 8.7 min (major)

and tg = 25.6 min (minor).

o Y-

O
thC:N (@)

S

\
(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-oxo-3-phenyl-5-(thiophen-2-yl)
pentanoate (5p): 50.1 mg, 98% yield; [a]*’p +88.0 (¢ 1.0, CH,Cl,); 'H NMR (500
MHz, CDCL) & 1.35 (s, 9H), 3.54-3.58 (m, 1H), 3.68-3.73 (m, 1H), 4.20—4.24 (m,
2H), 6.74 (d, J = 6.0 Hz, 2H), 7.10-7.19 (m, 6H), 7.32-7.38 (m, 5H), 7.42 (t, J=17.0
Hz, 1H), 7.57 (d, J = 4.5 Hz, 1H), 7.71 (d, J = 7.0 Hz, 2H), 7.84 (d, J = 3.0 Hz, 1H);
BC NMR (125 MHz, CDCl3) 6 191.7, 171.4, 170.2, 144.8, 141.3, 139.6, 136.5, 133.6,
132.1, 130.6, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 127.7, 126.9, 81.6, 71.1,
45.3, 41.0, 28.1; MS (ESI) m/z 510.12 [M + 1]"; IR (KBr) v 3062, 3026, 2977, 2931,
1729, 1664, 1623, 1587, 1515, 1413, 1368, 1289, 1147, 1024, 839, 696 cm™'; dr =
96/4, er = 95/5, determined by HPLC analysis (Chiralpak OD-H, n-hexane/
2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tg = 8.8 min (major) and tg =

23.3 min (minor).
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(2R,3S)-tert-Butyl  2-(diphenylmethyleneamino)-5-(furan-2-yl)-5-oxo-3-phenyl-
pentanoate (5q): 47.0 mg, 95% yield; [0]*’p +94.2 (¢ 1.0, CH,Cl,); "H NMR (500
MHz, CDCl3) & 1.33 (s, 9H), 3.42-3.46 (m, 1H), 3.58-3.63 (m, 1H), 4.18-4.24 (m,
2H), 6.46—6.47 (m, 1H), 6.76 (d, J = 6.5 Hz, 2H), 7.12-7.18 (m, 6H), 7.32-7.42 (m,
6H), 7.53 (s, 1H), 7.70 (d, J = 8.0 Hz, 2H); °C NMR (125 MHz, CDCl5) & 188.0,
171.4, 170.1, 153.1, 146.3, 141.3, 139.6, 136.5, 130.6, 129.1, 128.8, 128.6, 128.4,
128.3, 128.2, 127.8, 126.8, 117.2, 112.3, 81.5, 71.1, 44.9, 40.3, 28.1; MS (ESI) m/z
494.19 [M + 17%; IR (KBr) v 3062, 3023, 2976, 2931, 1730, 1678, 1622, 1568, 1468,
1392, 1368, 1286, 1149, 1028, 846, 766, 698 cm'; dr = 98/2, er = 93.5/6.5,
determined by HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 1.0

ml/min, 254 nm UV detector), tg = 8.3 min (major) and tg = 21.6 min (minor).

o}
thC:N O
(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-o0xo-3-phenyl-5-p-tolyl-

pentanoate (5r): 50.9 mg, 98% yield; [a]*’p +66.2 (¢ 1.0, CH,Cl,); '"H NMR (500
MHz, CDCl3) 6 1.34 (s, 9H), 2.41 (s, 3H), 3.57-3.61 (m, 1H), 3.73-3.78 (m, 1H),
4.18-4.22 (m, 2H), 6.73 (d, J = 7.0 Hz, 2H), 7.13-7.17 (m, 5H), 7.25 (d, J = 8.5 Hz,
2H), 7.31-7.39 (m, 5H), 7.42 (t, J = 7.0 Hz, 1H), 7.70 (d, J = 7.5 Hz, 2H), 7.90 (d, J =
8.0 Hz, 2H); °C NMR (125 MHz, CDCl;) & 198.5, 171.3, 170.3, 143.7, 141.6, 139.6,
136.5, 134.9, 130.5, 129.4, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 127.7,
126.7, 81.5, 71.2, 45.1, 40.1, 28.1, 21.9; MS (ESI) m/z 518.16 [M + 1]"; IR (KBr) v
3058, 3023, 2976, 2929, 1730, 1682, 1607, 1574, 1493, 1446, 1367, 1288, 1148, 1007,
847, 697 cm_l; dr = 94/6, er = 94/6, determined by HPLC analysis (Chiralpak OD-H,
n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm UV detector), tx = 4.9 min (major)

and tg = 13.1 min (minor).
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o Y-

Ph,C=N %

DAROW

(2R,3S)-tert-Butyl  2-(diphenylmethyleneamino)-5-(4-methoxyphenyl)-5-o0xo-3-
phenylpentanoate (5s): 52.1 mg, 98% yield; [a]*’p +56.5 (¢ 1.0, CH,Cl,); 'H NMR
(500 MHz, CDCl3) 6 1.34 (s, 9H), 3.55-3.58 (m, 1H), 3.70-3.76 (m, 1H), 3.86 (s, 3H),
4.19-4.23 (m, 2H), 6.73 (d, J = 6.5 Hz, 2H), 6.93 (d, J = 8.5 Hz, 2H), 7.13-7.17 (m,
5H), 7.31-7.38 (m, 5H), 7.42 (d, J = 6.5 Hz, 1H), 7.71 (d, J = 7.5 Hz, 2H), 7.99 (d, J
= 8.5 Hz, 2H); >C NMR (125 MHz, CDCl;) § 197.4, 171.3, 170.3, 163.5, 141.6,
139.6, 136.5, 130.7, 130.6, 130.5, 129.1, 128.8, 128.6, 128.4, 128.3, 128.2, 127.7,
126.7, 113.8, 81.5, 71.2, 55.6, 45.2, 39.9, 28.1; MS (ESI) m/z 534.22 [M + 1]"; IR
(KBr) v 3067, 3032, 2976, 2929, 1727, 1678, 1599, 1574, 1511, 1446, 1368, 1255,
1149, 1029, 841, 696 cm_l; dr = 97/3, er = 93.5/6.5, determined by HPLC analysis
(Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tg

= 12.2 min (major) and tg = 47.1 min (minor).

o Y-

Ph,C=N %
o)

U

(2R,3S)-tert-Butyl  5-(benzo[d][1,3]dioxol-5-yl)-2-(diphenylmethyleneamino)-5-
oxo-3-phenylpentanoate (5t): 53.2 mg, 97% yield; [0]*p +65.0 (¢ 1.0, CH,CL); 'H
NMR (500 MHz, CDCls) 8 1.34 (s, 9H), 3.54-3.57 (m, 1H), 3.66-3.71 (m, 1H),
4.20-4.22 (m, 2H), 5.99(s, 2H), 6.73 (d, J = 6.5 Hz, 2H), 6.85 (d, J = 8.0 Hz, 1H),
7.13-7.18 (m, 5H), 7.31-7.37 (m, 5H), 7.40-7.44 (m, 2H), 7.64—7.66 (m, 1H), 7.71
(d, J=7.5 Hz, 2H); *C NMR (125 MHz, CDCl3) & 196.9, 171.4, 170.2, 151.7, 148.3,
141.6, 139.6, 136.5, 132.3, 130.6, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 127.7,
126.8, 124.6, 108.3, 108.0, 102.0, 81.5, 71.2, 45.3, 40.0, 28.1; MS (ESI) m/z 548.14

[M + 177 IR (KBr) v 3060, 3023, 2976, 2928, 1728, 1678, 1614, 1594, 1487, 1443,
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1367, 1254, 1148, 1037, 846, 697 cm™'; dr = 98/2, er = 96.5/3.5, determined by
HPLC analysis (Chiralpak OD-H, n-hexane/2-propanol = 95/5, 0.8 ml/min, 254 nm

UV detector), tg = 13.2 min (major) and tg = 33.1 min (minor).

(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-oxo-3,7-diphenylhept-6-enoate
(5u): 52.2 mg, 98% yield; [a]*’p +44.8 (c 1.0, CH,Cl,); '"H NMR (400 MHz, CDCls)
5 1.37 (s, 9H), 3.31-3.36 (m, 1H), 3.43-3.49 (m, 1H), 4.26-4.22 (m, 2H), 6.77-6.81
(m, 2H), 7.17-7.24 (m, 5H), 7.33-7.45 (m, 10H), 7.54—7.61 (m, 3H), 7.74 (d, J = 7.6
Hz, 2H); BC NMR (100 MHz, CDCls) 6 198.7, 171.2, 170.0, 142.5, 141.1, 139.4,
136.3, 134.7, 130.4, 130.3, 128.9, 128.8, 128.7, 128.6, 128.4, 128.3, 128.2, 128.2,
128.1, 127.6, 126.7, 126.2, 81.3, 71.0, 45.0, 42.7, 27.9; MS (ESI) m/z 530.64 [M +
177 IR (KBr) v 3059, 3029, 2976, 2929, 1728, 1685, 1611, 1489, 1449, 1362, 1327,
1285, 1153, 1079, 977, 786, 697 c¢cm™'; dr = 97/3, er = 91/9, determined by HPLC
analysis (Chiralpak AD-H, n-hexane/2-propanol = 90/10, 1.0 ml/min, 254 nm UV

detector), tg = 11.8 min (major) and tg = 21.8 min (minor).

o Y

0]
thC:N O

(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-5-oxo-3-phenylhexanoate (5v):
37.1 mg, 84% yield; [0]*’p +96.2 (¢ 1.0, CH,Cl,); "H NMR (500 MHz, CDCl3) & 1.33
(s, 9H), 2.09 (s, 3H), 3.05-3.09 (m, 1H), 3.13-3.18 (m, 1H), 4.00-4.04 (m, 1H), 4.09
(d, J = 5.5 Hz, 1H), 6.73 (d, J = 7.0 Hz, 2H), 7.13-7.21 (m, 5H), 7.30-7.38 (m, 5H),
7.39-7.42 (m, 1H), 7.67-7.69 (m, 2H); '*C NMR (125 MHz, CDCls) § 207.6, 171.3,
170.2, 141.4, 139.5, 136.4, 130.6, 129.0, 128.7, 128.6, 128.5, 128.4, 128.3, 127.7,
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126.9, 81.5, 71.1, 45.5, 44.8, 30.6, 28.1; MS (ESI) m/z 442.10 [M + 1]%; IR (KBr) v
3060, 3028, 2977, 2931, 1724, 1659, 1623, 1597, 1575, 1492, 1446, 1392, 1367, 1250,
1149, 1083, 1028, 846, 765, 699 cm™; dr = 93/7, er = 90.5/9.5, determined by HPLC
analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm UV

detector), tg = 6.7 min (major) and tg = 8.3 min (minor).

o Y-

0]
thC:N O

(2R,3S)-tert-Butyl 2-(diphenylmethyleneamino)-6,6-dimethyl-5-oxo-3-phenyl-
heptanoate (5w): 28.0 mg, 57% yield; [a]*’p +108.7 (¢ 1.0, CH,CL,); '"H NMR (500
MHz, CDCL) & 1.05 (s, 9H), 1.33 (s, 9H), 3.00-3.05 (m, 1H), 3.32-3.38 (m, 1H),
4.02-4.05 (m, 1H), 4.11 (d, J = 5.5 Hz, 1H), 6.71 (d, J = 6.5 Hz, 2H), 7.11-7.19 (m,
5H), 7.29-7.37 (m, 5H), 7.40-7.42 (m, 1H), 7.67-7.69 (m, 2H); °C NMR (125 MHz,
CDCl3) 0 213.9, 171.1, 170.3, 142.0, 139.6, 136.6, 130.5, 129.0, 128.8, 128.5, 128.4,
128.3, 128.2, 127.7, 126.6, 81.3, 70.9, 44.3, 44.3, 38.2, 28.1, 26.5; MS (ESI) m/z
484.17 [M + 17%; IR (KBr) v 3057, 3032, 2970, 2924, 1727, 1708, 1613, 1480, 1444,
1367, 1285, 1148, 1070, 850, 779, 699 cm ', dr = 99/1, er = 91/9, determined by
HPLC analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5, 0.5 ml/min, 254 nm

UV detector), tg = 12.4 min (major) and tg = 14.8 min (minor).
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5. Large-scale Synthesis and Recovery of Catalyst 6f:

- Solvent
tert-Butyl 2- (S,5)-6f (Br)
(diphenylmethylene (1 mol%) J
amino)acetate > > The reside — Flash column
+ A Evaporation
Chalcone
EtOAc/petroleum ether = 1/10/\ MeOH/CH,Cl, = 1/8
The adduct Recovered 6f
Amberlyst-26A
Reusing 40% HBr

(S,S)-6f (Br) ~-~————(S,9)-6f (OH)

for two steps
in 96% yield

N-(diphenylmethylene)glycine tert-butyl ester 3 (11.8 g, 40 mmol) was added to a
mixture of 3-(2-bromophenyl)-1-phenylprop-2-en-1-one 4j (12.1 g, 42 mmol),
(S,5)-6f (1.17 g, 0.4 mmol) and Cs,CO; (6.5 g, 20 mmol) in xylene (200 mL) under
argon atmosphere, the resulting solution was stirred at 30 °C for 12 h. The resulting
mixture was purified by column chromatographyon silica gel (AcOEt/petroleum ether
= 1/10 as eluant) to furnish the conjugate adducts 5j (21.4 g, 92% yield, dr = 98/2, er
= 95/5, determined by HPLC analysis). The catalyst 6f was recovered (MeOH/
CH,Cl, = 1/8 as eluant) in almost quantitative yield.

Anion exchange of recovered catalyst 6f using Amberlyst-26A (OH™ form) gave
(5,5)-6f (OH"). The methanol solution of (S,S)-6f (OH") was treated with 40% HBr
aqueous solution (excess) at room temperature. The resulting mixture was poured into
water and extracted with CH,Cl,. The organic extracts were washed with 5% K,CO;
aqueous solution and dried over MgSQO4. Evaporation of solvents gave reactivated
catalyst (S,5)-6f (Br) of 1.12 g in 96% yield.

N-(diphenylmethylene)glycine tert-butyl ester 3 (29.5 mg, 0.1 mmol) was added to
a mixture of 3-(2-bromophenyl)-1-phenylprop-2-en-1-one 4j (30.1 mg, 0.105 mmol),
recovered (S,5)-6f (2.9 mg, 0.001 mmol) and Cs,CO; (16.3 mg, 0.05 mmol) in xylene
(0.5 mL) under argon atmosphere, the resulting solution was stirred at 30 °C for 12 h.

The resulting mixture was purified by column chromatographyon silica gel (AcOEt/
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petroleum ether = 1/10 as eluant) to furnish the conjugate adducts 5j (54.9 mg, 94%
yield, dr = 98/2, er = 95/5 determined by HPLC analysis).

6. Synthetic Transformations of the Adducts 5:

0
PhC=N o 1N HC
O O THF,0°C, 2h
Br
5]
(2R,3S)-tert-Butyl 3-(2-bromophenyl)-5-phenyl-3,4-dihydro-2H-pyrrole-2-

carboxylate:' 1 N hydrochloric acid (3.0 mL) was added to a solution of 5j (174.8mg,
0.3 mmol) in THF (3.0 mL) at 0 °C, and stirring was maintained for 2 h. The resulting
mixture was neutralized by addition of solid NaHCOj; and extracted with CH,Cl,. The
organic extracts were dried over MgSO, and concentrated. The residue was purified
by column chromatographyon silica gel (AcOEt/petroleum ether = 1/10 as eluant) to
afford (2R,3S)-tert-Butyl 3-(2-bromophenyl)-5-phenyl-3,4-dihydro-2H-pyrrole-2-
carboxylate (120.1 mg, 0.3 mmol) in quantitative yield. [a]*°b —=59.0 (c 1.0, CH,CLy);
'H NMR (500 MHz, CDCl3) & 1.48 (s, 9H), 3.07-3.11 (m, 1H), 3.66-3.72 (m, 1H),
4.25-4.29 (m, 1H), 4.93—-4.95 (m, 1H), 7.08-7.11 (m, 1H), 7.14-7.16 (m, 1H),
7.24-7.28 (m, 1H), 7.42-7.49 (m, 3H), 7.58-7.60 (m, 1H), 7.91-7.93 (m, 2H); *C
NMR (125 MHz, CDCl3) 6 175.0, 171.2, 143.1, 133.8, 133.3, 131.3, 128.7, 128.5,
128.4, 128.3, 127.9, 124.3, 82.5, 81.8, 45.8, 44.4, 28.2; MS (ESI) m/z 400.07 [M +
177, 402.06 [M + 1]%; IR (KBr) v 3047, 3011, 2980, 2929, 1726, 1615, 1576, 1472,
1446, 1367, 1244, 1147, 1024, 795, 760, 695 cm™'; er = 95/5, determined by HPLC
analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm UV

detector), tg = 15.4 min (major) and tg = 16.7 min (minor).
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o)

o)
..../(O NaBH,/CH;OH ./(
ol( 0°C-t, 4 h O N ol(
12

(2R,3S,5R)-tert-Butyl 3-(2-bromophenyl)-5-phenylpyrrolidine-2-carboxylate (12):
To a solution of (2R,3S)-tert-butyl 3-(2-bromophenyl)-5-phenyl-3,4-dihydro-2H-
pyrrole-2-carboxylate (80.1 mg, 0.2 mmol) in 2 mL of MeOH was added NaBH4
(37.8 mg, 1.0 mmol) in portions at 0 °C. The resultant mixture was stirred for 4 h at
room temperature (monitored by TLC). The mixture was evaporated in vacuo, added
water (5 mL), and extracted with dichloromethane (5 mL x 3), washed with brine and
dried with MgSO4. Concentration and flash chromatography (AcOEt/petroleum ether
= 1/20 as eluant) afforded (2R,3S,5R)-tert-butyl 3-(2-bromophenyl)-5-phenyl-
pyrrolidine-2-carboxylate 12 (50.6 mg, 0.126 mmol, 63% yield) as a colorless oil.
[a]*’p =7.6 (¢ 1.0, CH,Cl,); "H NMR (400 MHz, CDCl3) & 1.43 (s, 9H), 1.78—1.82 (m,
1H), 2.65-2.72 (m, 2H), 3.99-4.07 (m, 2H), 4.56—4.60 (m, 1H), 7.10 (t, J = 7.6 Hz,
1H), 7.25-7.38 (m, 4H), 7.49-7.58 (m, 4H); *C NMR (125 MHz, CDCl;) & 173.8,
143.9, 142.5, 132.6, 128.4, 128.3, 128.0, 127.9, 127.1, 126.5, 124.5, 81.4, 67.4, 62.4,
48.9, 45.1, 27.9; MS (ESI) m/z 402.15 [M + 1], 404.10 [M + 1]"; IR (KBr) v 3343,
3061, 3027, 2976, 2931, 1727, 1603, 1474, 1440, 1368, 1230, 1155, 1024, 846, 752,
700 cm™'; er = 95/5, determined by HPLC analysis (Chiralpak AD-H, n-hexane/
2-propanol = 95/5, 0.8 ml/min, 254 nm UV detector), tg = 9.4 min (major) and tg =

11.7 min (minor).

Zn/AcOH o) O

(@]
i [ N i
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tert-Butyl 3-(2-bromophenyl)-5-phenylpyrrolidine-2-carboxylate: To a solution of
(2R,35)-tert-butyl 3-(2-bromophenyl)-5-phenyl-3,4-dihydro-2H-pyrrole-2-carboxylate
(80.1 mg, 0.2 mmol) in 2 mL of AcOH was added Zinc powder (30 equiv) in portions
at room temperature. The resultant mixture was stirred for 1 h at 45 °C (monitored by
TLC). After Zinc powder was filtered off, the filtrate was cooled to 0 °C. The filtrate
was diluted with ethyl acetate and neutralized by the addition of sodium hydrogen
carbonate (70% saturated aqg). The mixture was extracted with dichloromethane (10
mL x 4), washed with brine and dried with MgSO,. Concentration and flash
chromatography (AcOEt/petroleum ether = 1/20-1/4 as eluant) afforded both
(2R,3S,55)-tert-butyl 3-(2-bromophenyl)-5-phenylpyrrolidine-2-carboxylate 10 (39.2
mg, 0.097 mmol, 48% yield) as a colorless oil and (2R,3S,5R)-tert-butyl
3-(2-bromophenyl)-5-phenylpyrrolidine-2-carboxylate 12 (12.2 mg, 0.030 mmol, 15%
yield).

(2R,3S,55)-tert-butyl  3-(2-bromophenyl)-5-phenylpyrrolidine-2-carboxylate  (10):
[a]*’b —26.2 (¢ 1.0, CH,Cly); '"H NMR (500 MHz, CDCl3) & 1.41 (s, 9H), 2.19-2.24
(m, 1H), 2.28-2.34 (m, 1H), 2.62 (s, 1H), 3.96 (d, J = 6.5 Hz, 1H), 4.01-4.05 (m, 1H),
4.46 (t, J = 6.5 Hz, 1H), 7.10-7.13 (m, 1H), 7.26-7.29 (m, 1H), 7.34-7.38 (m, 3H),
7.47-7.50 (m, 3H), 7.57-7.59 (m, 1H); *C NMR (125 MHz, CDCls)  173.2, 143.7,
142.2, 133.1, 128.8, 128.3, 128.2, 128.2, 128.0, 127.5, 126.9, 124.9, 81.7, 67.7, 62.4,
49.3, 42.9, 28.1; MS (ESI) m/z 402.03 [M + 1], 404.05 [M + 1]"; IR (KBr) v 3359,

3060, 2976, 2930, 1727, 1472, 1392, 1367, 1246, 1155, 1023, 846, 753, 700 cm™'; er
= 95/5, determined by HPLC analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5,

0.8 ml/min, 254 nm UV detector), tg = 9.4 min (minor) and tg = 17.2 min (major).

Br
Ocou
/
. -lll/(
© N CH,Cl,, EtN, 1t, 16 h
H Ol(

No2
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(2R,3S,5S)-tert-Butyl 3-(2-bromophenyl)-1-(4-nitrobenzoyl)-5-phenylpyrrolidine-
2-carboxylate:  (2R,3S,5S)-tert-Butyl  3-(2-bromophenyl)-5-phenylpyrrolidine-2-
carboxylate 10 (40.2 mg, 0.1 mmol) was dropped to a mixture of 4-nitrobenzoyl
chloride (37.1 mg, 0.2 mmol) and Et;N (41.8 pl, 0.3 mmol) in dry CH,Cl, (1.5 mL) at
0 °C under argon atmosphere, then stirring was maintained for 16 h at room
temperature. The resulting mixture was quenched with aqueous NaHCO; and
extracted with CH,Cl,. The organic extracts were dried over MgSQO,4 and concentrated.
The residue was purified by column chromatographyon silica gel (AcOEt/petroleum
ether = 1/4 as eluant) to afford the product (48.0 mg, 0.087 mmol, 87% yield) as a
white solid. Mp 7072 °C; [a]*’p —34.8 (¢ 1.0, CH,Cl,); 'H NMR (500 MHz, CDCls)
0 1.47 (s, 9H), 2.37-2.48 (m, 2H), 4.19—4.23 (m, 1H), 4.81-4.83 (m, 1H), 4.87 (d, J =
8.0 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 7.30 (t, J = 7.5 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H),
7.39 (t,J=7.5 Hz, 1H), 7.45 (d, J= 7.5 Hz, 1H), 7.49 (d, J= 7.5 Hz, 2H), 7.60 (d, J =
8.0 Hz, 1H), 7.98 (d, J = 8.5 Hz, 2H), 8.24-8.30 (m, 1H); *C NMR (125 MHz,
CDCls) 8 169.5, 169.2, 148.3, 142.1, 142.7, 138.3, 133.3, 128.9, 128.8, 127.9, 127.7,
127.3, 126.7, 124.9, 123.5, 123.1, 82.2, 66.5, 58.4, 44.4, 43.1, 28.0; MS (ESI) m/z
573.05 [M + Na]", 575.05 [M + Na]"; IR (KBr) v 3062, 2975, 2929, 2868, 1739, 1646,
1601, 1524, 1417, 1346, 1224, 1148, 1024, 850, 758, 702 cm™"; er = 95/5, determined
by HPLC analysis (Chiralpak AD-H, n-hexane/2-propanol = 70/30, 1.0 ml/min, 254

nm UV detector), tg = 24.8 min (minor) and tg = 35.6 min (major).

0] rt, 8 h

Br Br
""/(O O SOCl, (2 eq)
N CF3COOH OH 2 N o\
)\©\CH30H 0°C-t, 16 h o%\©\

(2R,3S,5S)-Methyl  3-(2-bromophenyl)-1-(4-nitrobenzoyl)-5-phenylpyrrolidine-

2-carboxylate (16): tert-Butyl 3-(2-bromophenyl)-1-(4-nitrobenzoyl)-5-phenyl-
pyrrolidine-2-carboxylate (48.0 mg, 0.087 mmol) was stirred in neat trifluoroacetic

acid (4 mL) for 8 h at room temperature. The mixture was evaporated in vacuo, and
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purified by flash column chromatographyon silica gel (AcOEt/petroleum ether = 1/1
as eluant) to afford 3-(2-bromophenyl)-1-(4-nitrobenzoyl)-5-phenylpyrrolidine-
2-carboxylic acid. SOCI, (12.7 pL, 0.128 mmol) was dropped to a solution of
3-(2-bromophenyl)-1-(4-nitrobenzoyl)-5-phenylpyrrolidine-2-carboxylic acid (43.0
mg, 0.087 mmol) in dry methanol (2 mL) at 0 °C, then stirring was maintained for 16
h at room temperature. The mixture was evaporated in vacuo, and purified by column
chromatographyon silica gel (AcOEt/petroleum ether = 1/4 as eluant) to afford the
product 16 (40.7 mg, 0.080 mmol, 92% yield). Recrystallization of this product from
AcOEt/hexane furnished suitable crystals for X-ray structure analysis. Mp 86—89 °C;
[a]*’ —63.2 (c 1.0, CH,CL,); '"H NMR (400 MHz, CDCls) & 2.48-2.56 (m, 2H), 3.86
(s, 3H), 4.19-4.23 (m, 1H), 4.85-4.87 (m, 1H), 4.97 (d, J = 5.2 Hz, 1H), 7.20-7.27
(m, 4H), 7.35 (d, J = 8.4 Hz, 2H), 7.41-7.49 (m, 4H), 7.63 (d, J = 6.4 Hz, 1H), 7.98 (d,
J = 6.4 Hz, 2H); °C NMR (100 MHz, CDCl3) § 171.4, 169.1, 148.3, 141.7, 138.3,
133.6, 129.1, 128.8, 128.1, 127.8, 127.7, 126.7, 124.9, 123.1, 65.6, 63.6, 52.8, 44.3,
42.9; MS (ESI) m/z 509.02 [M + 17", 511.04 [M + 1]"; IR (KBr) v 2955, 2919, 2847,
1737, 1645, 1593, 1399, 1386, 1359, 1209, 1152, 1019, 827, 758, 707 cm™'; dr >
99.9/0.1, er = 95/5 (>99.9/0.1 after recrystallization), determined by HPLC analysis
(Chiralpak AD-H, n-hexane/2-propanol = 50/50, 0.8 ml/min, 254 nm UV detector), tr

= 28.3 min (major) and tg = 60.3 min (minor).

0 % -
O 3 iy
Ph,C=N o) "BusSnH (2.2 eq) ©j§ /O
> "”<
AIBN (1.2 eq) N O <
Benzene 85 °C ‘)\‘
Br oC
15

(2R,3S)-tert-Butyl  1-benzhydryl-3-(2-oxo0-2-phenylethyl)indoline-2-carboxylate

5]

(17):2 A benzene solution of the 5j (99.5 mg, 0.17 mmol) and "BusSnH (110.6 mg,

0.38 mmol) was warmed to 85 °C under argon atmosphere. AIBN (34.5 mg, 0.21
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mmol) was added as a benzene solution by syringe pump over a 4—5 hour period. The
solution was refluxed an additional hour, cooled, and concentrated. The residue was
treated with a 1/1 (v/v) ether—satd aq KF solution and stirred vigorously until a white
precipitate formed. The organic layer was washed with water, dried with MgSOs,,
filtered, and concentrated. The residue was purified by column chromatographyon
silica gel (AcOEt/petroleum ether = 1/10 as eluant) to afford the product 17 (70.7 mg,
0.14 mmol, 82% yield) as a whiter solid. Mp 58—60 °C; [a]*’b +112.0 (¢ 1.0, CH,Cl,);
'H NMR (500 MHz, CDCls) & 1.05 (s, 9H), 3.29-3.34 (m, 1H), 3.52-3.57 (m, 1H),
4.37-4.42 (m, 2H), 5.59 (s, 1H), 6.02 (d, J = 7.5 Hz, 1H), 6.66 (t, J = 7.5 Hz, 1H),
6.89 (t, J =7.5 Hz, 1H), 6.98 (d, J = 7.0 Hz, 1H), 7.21 (t, J = 7.5 Hz, 2H), 7.28-7.32
(m, 4H), 7.41 (d, J = 7.0 Hz, 2H), 7.46—-7.49 (m, 4H), 7.58 (t, J = 7.5 Hz, 1H),
7.99-8.01 (m, 2H); *C NMR (125 MHz, CDCl3) & 197.7, 170.6, 151.4, 142.8, 140.5,
136.8, 133.5, 131.2, 129.8, 128.9, 128.8, 128.2, 127.9, 127.7, 127.2, 127.1, 122.1,
118.1, 109.7, 81.5, 69.9, 67.2, 39.6, 38.7, 28.0; MS (ESI) m/z 503.98 [M]"; IR (KBr)
v 3052, 3027, 2958, 2924, 2858, 1728, 1689, 1604, 1480, 1451, 1367, 1217, 1146,
1028, 1001, 845, 746, 704 Cm_l; dr = 98/2, er = 95/5, determined by HPLC analysis
(Chiralpak OD-H, n-hexane/2-propanol = 90/10, 0.8 ml/min, 254 nm UV detector), tg

= 11.4 min (minor) and tg = 16.8 min (major).

A a

Ph,C=N 0 1 N HCl 0
..../(o NaBH,/CH;OH ./(
O O by e TR
5a 11

(2R,3S,5R)-tert-Butyl  3,5-diphenylpyrrolidine-2-carboxylate  (11): 1 N
hydrochloric acid (2.0 mL) was added to a solution of 5a (100.7mg, 0.2 mmol) in
THF (2.0 mL) at 0°C, and stirring was maintained for 2 h. The resulting mixture was
neutralized by addition of solid NaHCOs; and extracted with CH,Cl,. The organic
extracts were dried over MgSO4 and concentrated. The residue was purified by
column chromato- graphyon silica gel (AcOEt/petroleum ether = 1/20 as eluant) to
afford (2R,3S)-tert- butyl 3,5-diphenyl-3,4-dihydro-2H-pyrrole-2-carboxylate in
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quantitative yield. To a solution of (2R,3S)-tert-butyl
3,5-diphenyl-3,4-dihydro-2H-pyrrole-2-carboxylate (64.3 mg, 0.2 mmol) in 2 mL of
MeOH was added NaBH4 (37.8 mg 1.0 mmol) in portions at 0 °C. The resultant
mixture was stirred for 4 h at room temperature (monitored by TLC). The mixture
was evaporated in vacuo, added water (5 mL), and extracted with dichloromethane (5
mL x 3), washed with brine and dried with MgSO,. Concentration and flash
chromatography  (AcOEt/petroleum ether = 1/20 as eluant) afforded
(2R,3S,5R)-tert-butyl 3,5-diphenylpyrrolidine-2-carboxylate 11 (37.6 mg, 0.116 mmol,
58% vyield) as a colorless oil. [0]*’p +18.6 (¢ 1.0, CH,Cl,); '"H NMR (400 MHz,
CDCls) 6 1.44 (s, 9H), 2.01-2.10 (m, 1H), 2.62-2.65 (m, 1H), 2.81 (s, 1H), 3.45 (d, J
=7.2 Hz, 1H), 3.95 (d, J = 3.6 Hz, 1H), 4.56 (d, J = 5.2 Hz, 1H), 7.29 (d, J = 4.8 Hz,
2H), 7.39 (s, 6H), 7.52 (s, 2H); >C NMR (100 MHz, CDCls) & 174.3, 144.1, 142.7,
128.5, 128.4, 127.6, 127.0, 126.6, 126.5, 81.2, 67.9, 62.4, 51.1, 45.1, 28.0; MS (ESI)
m/z 324.19 [M + 1]"; IR (KBr) v 3344, 3061, 3028, 2977, 2932, 1725, 1603, 1492,
1457, 1367, 1228, 1157, 1028, 846, 753, 699 cm™'; er = 96/4 determined by HPLC
analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm UV

detector), tg = 7.4 min (major) and tg = 10.7 min (minor).

Zn/AcOH
..||(O nAce - -.||/(O --ll/(o
r-45 °C "N * N
oy e (W o LT ok
9 11

tert-Butyl  3,5-diphenylpyrrolidine-2-carboxylate:  To a  solution  of

(2R,3S)-tert-butyl 3,5-diphenyl-3,4-dihydro-2H-pyrrole-2-carboxylate (64.3 mg, 0.2
mmol) in 2 mL of AcOH was added Zinc powder (30 equiv) in portions at room
temperature. The resultant mixture was stirred for 1 h at 45 °C (monitored by TLC).
After Zinc powder was filtered off, the filtrate was cooled to 0 °C. The filtrate was
diluted with ethyl acetate and neutralized by the addition of sodium hydrogen

carbonate (70% saturated aqg). The mixture was extracted with dichloromethane (10
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mL x 4), washed with brine and dried with MgSQO4. Concentration and flash
chromatography (AcOEt/petroleum ether = 1/20-1/4 as eluant) afforded both
(2R,3S,55)-tert-butyl 3,5-diphenylpyrrolidine-2-carboxylate 9 (35.0 mg, 0.108 mmol,
54% vyield) as a colorless oil and (2R,3S,5R)-tert-butyl 3,5-diphenylpyrrolidine-
2-carboxylate 11 (11.1 mg, 0.034 mmol, 17% yield).

(2R,3S,55)-tert-Butyl 3,5-diphenylpyrrolidine-2-carboxylate (9): [a]*p —34.5 (c 1.0,
CH,Cl,); '"H NMR (400 MHz, CDCls) & 1.42 (s, 9H), 2.25-2.32 (m, 1H), 2.39-2.46
(m, 1H), 2.50 (s, 1H), 3.46—3.52 (m, 1H), 3.90 (d, J=7.6 Hz, 1H), 4.55 (t, J = 7.6 Hz,
1H), 7.28-7.31 (m, 2H), 7.34-7.41 (m, 6H), 7.51 (d, J = 7.6 Hz, 2H); >C NMR (100
MHz, CDCls) & 173.2, 143.9, 142.8, 128.6, 128.5, 127.5, 127.2, 126.7, 126.6, 81.3,
68.8, 62.4, 49.9, 43.4, 28.0; MS (ESI) m/z 324.07 [M + 1]%; IR (KBr) v 3375, 3067,
2970, 2929, 1724, 1603, 1501, 1454, 1367, 1244, 1153, 1029, 845, 756, 700 cm™"; er
= 96/4, determined by HPLC analysis (Chiralpak AD-H, n-hexane/2-propanol = 95/5,

1.0 ml/min, 254 nm UV detector), tr = 10.4 min (minor) and tg = 16.8 min (major).

o Yo

o
Ph,C=N 0 1 N HCI

THFO0°C2h
o)
5w ./( 15
\ N Ol(
H

tert-Butyl 5-tert-butyl-3-phenylpyrrolidine-2-carboxylate: 1 N hydrochloric acid

(2.0 mL) was added to a solution of 5w (96.6 mg, 0.2 mmol) in THF (2.0 mL) at 0 °C,
and stirring was maintained for 2 h. The resulting mixture was neutralized by addition
of solid NaHCO; and extracted with CH,Cl,. The organic extracts were dried over
MgSO4 and concentrated. The residue was purified by column chromatographyon
silica gel (AcOEt/petroleum ether = 1/10 as eluant) to afford (2R,3S)-tert-butyl
5-tert-butyl-3-phenyl-3,4-dihydro-2H-pyrrole-2-carboxylate in quantitative yield. To
a solution of (2R,3S)-tert-butyl 5-tert-butyl-3-phenyl-3,4-dihydro-2H-pyrrole-2-
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carboxylate (60.2 mg, 0.2 mmol) in 2 mL of MeOH was added NaBH4 (37.8 mg 1.0
mmol) in portions at 0 °C. The resultant mixture was stirred for 3 h at room
temperature (monitored by TLC). The mixture was evaporated in vacuo, added water
(5 mL), and extracted with dichloromethane (5 mL X 3), washed with brine and dried
with MgSO,4. Concentration and flash chromatography (AcOEt/petroleum ether =
1/10 as eluant) afforded both (2R,3S,5R)-tert-butyl 5-tert-butyl-3-phenylpyrrolidine-
2-carboxylate 14 (36.3 mg, 0.120 mmol, 60% yield) as a colorless oil and (2R,3S,5S)-
tert-butyl 5-tert-butyl-3-phenylpyrrolidine-2-carboxylate 15 (8.6 mg, 0.028 mmol,
14% yield) as a colorless oil.

(2R,3S,5R)-tert-butyl  5-tert-butyl-3-phenylpyrrolidine-2-carboxylate  (14): [a]*p
—37.1 (¢ 1.0, CH,Cly); '"H NMR (400 MHz, CDCl3) & 0.95 (s, 9H), 1.31 (s, 9H),
1.76—-1.84 (m, 1H), 2.14-2.20 (m, 1H), 2.50 (s, 1H), 3.13-3.21 (m, 2H), 3.66 (d, J =
8.8 Hz, 1H), 7.21-7.25 (m, 1H), 7.28-7.35 (m, 4H); °C NMR (100 MHz, CDCl;) &
174.2, 142.5, 128.3, 127.5, 126.5, 80.9, 68.2, 67.9, 51.9, 37.3, 33.5, 27.9, 26.3; MS
(ESI) m/z 304.17 [M + 1]%; IR (KBr) v 3351, 3029, 2955, 2867, 1726, 1478, 1455,
1367, 1227, 1158, 847, 760, 699 cm_l; er = 91/9, determined by HPLC analysis
(Chiralpak AD-H, n-hexane/2-propanol = 99/1, 0.8 ml/min, 254 nm UV detector), tg
= 13.7 min (major) and tg = 28.0 min (minor).

(2R,3S,55)-tert-butyl  5-tert-butyl-3-phenylpyrrolidine-2-carboxylate  (15): [0]*’p
—43.0 (¢ 1.0, CH,CL); 'H NMR (400 MHz, CDCl3) & 1.00 (s, 9H), 1.35 (s, 9H),
1.87-1.94 (m, 1H), 2.04-2.11 (m, 1H), 2.19 (s, 1H), 3.13-3.21 (m, 2H), 3.66 (d, J =
8.0 Hz, 1H), 7.22—7.28 (m, 3H), 7.30-7.34 (m, 2H); *C NMR (100 MHz, CDCl5) &
173.0, 143.4, 128.4, 127.5, 126.4, 81.0, 69.1, 68.5, 51.1, 36.8, 33.1, 27.9, 26.5; MS
(ESI) m/z 304.07 [M + 1]%; IR (KBr) v 3306, 3026, 2960, 2869, 1727, 1476, 1458,
1367, 1255, 1158, 848, 761, 699 ¢cm™'; er = 91/9, determined by HPLC analysis
(Chiralpak AD-H, n-hexane/2-propanol = 99/1, 0.8 ml/min, 254 nm UV detector), tr

= 8.5 min (minor) and tg = 9.9 min (major).
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(2R,3S,5S)-tert-Butyl 5-methyl-3-phenylpyrrolidine-2-carboxylate (13): IN
hydrochloric acid (2.0 mL) was added to a solution of 5v (88.4 mg, 0.2 mmol) in THF
(2.0 mL) at 0 °C, and stirring was maintained for 2 h. The resulting mixture was
neutralized by addition of solid NaHCO; and extracted with CH,Cl,. The organic
extracts were dried over MgSO4 and concentrated. The residue was purified by
column chromatographyon silica gel (AcOEt/petroleum ether = 1/1 as eluant) to
afford (2R,3S)-tert-butyl 5-methyl-3-phenyl-3,4-dihydro-2H-pyrrole-2-carboxylate in
quantitative yield. To a solution of (2R,3S)-tert-butyl 5-methyl-3-phenyl-3,4-dihydro-
2H-pyrrole-2-carboxylate (51.9 mg, 0.2 mmol) in 2 mL of MeOH was added NaBH4
(37.8 mg 1.0 mmol) in portions at 0 °C. The resultant mixture was stirred for 1.5 h at
room temperature (monitored by TLC). The mixture was evaporated in vacuo, added
water (5 mL), and extracted with dichloromethane (5 mL x 3), washed with brine and
dried with MgSO4. Concentration and flash chromatography (AcOEt/petroleum ether
= 1/1 as eluant) afforded the product 13 (30.8 mg, 0. 118 mmol, 59% yield) as a
colorless oil. [0]*’p —45.1 (¢ 1.0, CH,CL); '"H NMR (400 MHz, CDCl3) & 1.23 (d, J =
6.0 Hz, 3H), 1.35 (s, 9H), 1.59-1.67 (m, 1H), 2.26-2.33 (m, 1H), 3.15 (s, 1H),
3.21-3.28 (m, 1H), 3.46-3.51 (m, 1H), 3.73 (d, J = 7.6 Hz, 1H), 7.18-7.22 (m, 1H),
7.30 (d, J = 4.4 Hz, 4H); *C NMR (100 MHz, CDCl3) & 174.2, 142.9, 128.4, 127.5,
126.5, 81.0, 67.6, 54.3, 51.4, 43.9, 27.9, 21.3; MS (ESI) m/z 262.16 [M + 1]%; IR
(KBr) v 3342, 3063, 3029, 2967, 2929, 1725, 1603, 1494, 1456, 1368, 1229, 1160,
1137, 958, 848, 760, 700 cm™'; er = 90/10, determined by HPLC analysis (Chiralpak
AD-H, n-hexane/2-propanol = 95/5, 1.0 ml/min, 254 nm UV detector), tg = 8.4 min

(major) and tg = 9.7 min (minor).
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AT A avelength=254 nm (AW E5 1016900, 07
mAl ] @
] A
1I:|I:|I:|-_ o] =
] Pha =M o =
-l
1 +
500 - ) G G
G600
0+
200+
o &
\J_k %
=]
o~
0+ AT
T T T T T T
0 5 0 15 20 25 il Iin
Sigmal 1: VD1 &, Wavelenogth=Z54 nm
Peak PetTime Type Width Area Height Area
4 [mirn] [mir] maATT L= [TdIT ] %
il Bttt | === === | === | === |======== |
1 Z1.1838 BBA 0.51%6 4.1386%=4 1197_79419 48 1731
£ E4.395 TV 0.42E5 1043, 23901 ZE_ 98763 1.2120
3 EZE.185 VE 0.7334 EEZ9.09375 4E. 31133 Z.5319
4 Z8.93c TV 0.7218 4.1342%=4 263, 34537 480720
WA A, Wravelength=254 nm (HW QT ESTO16922 .00
mal =
0
2000 0
Pha =M 0
(+]
1000 H
a00
[ =
¥ &
w f=1
o o
o — \ | , . ——
T T T T T T
] i 0 15 0 25 a0 min
olygiidl 4. PWLL oS, WEvELENgLIl-LoSod U
Peak BRetTime Type Width Area Height Area
# [min] [min] mwmATT *z [Tl 1T 1 %
iuminiall Bttt | === === | === | === | === |
1 Z1.79¢ BY 0.5938 9.92737=4 ZE19.88698 9327908
Z Z5.437 VB 06777 £2373.49316 565 55368 Z.8093
3 30.327 BY 0.7285 3538.88306 TL.47698 3.4001
Totals : l.05245e8  Zeg0.87362
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WANDT A, Wiawelength=254 nm (HR O ESTO 10505 T
mAll =
A00 H %
o M-
O
Ph:C=N e}
0] () 2
O G -
[yl
Br
300 H
200 H
100
=
I
&
D—_.—\_.——v-—-—,—f\-lrl\ -'r\—\— J'r\\ ;
T T T T T T T
1] i 10 15 20 25 20 i ] min
Sigmal 1: VWDl 4, Wawelength=254 nm
Peak PetTime Type Width Area Height Area
# [min] [min] AT *s [mATT 1 &
il Bttt | === ======= | === | === |======== |
1 Z3.8%8 BB 0.56467 EZ_302Z3ed E4F_F8558 48 07E6
z 324.3E1 BV 1.27e0 1215 Z0ZE7 13_&63300 37902
32 37.083 VBA 1.03%2 E_320533ed IEE_E3TELl 48 137E
Totals : 4_78302e4 S00.ZE219
WANDT A, W velength=254 nm (HW QT ESTO19501 .00
mAl ] x
200
0 >L
700 i
Ph,C =M 0
GO0 o
500 o
Br
400
300
200 H
o B
- Lyl
e gs I
T L]
o] N , O RN
—r [ 1T - 1 I " T T T T
i i 0 15 20 25 20 28 min
Sigmal 1: VWDl A, Wavelength=254 nm
Peak PRetTime Type Width Ares Height Area
# [min] [min] mwAlT *= [Tl 1T ] %
il Bttt | === === |========= |==—======= | ======— |
1l E24.014 VE 0,659 2.75097=4 @EE_ 0s0EE 85 _8E1=
£ 24.663 YV 0.7449 &48 54541 12.477E8 1.55328
3 ZELETE WV 1l.0422 1EZ63.173E58 17.7z588 2_0zE2
4 37.485 VB 1.0310 2324, 74318 24,1090z L_L&gg
Totals : 4_1746led 931 37z71
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WD A Wz velength=254 nm (R ESTOTAG0E. T

mal 2
350
200 4
] (+)
250
200 4
150 ]
] o
100 #
)
50 g z
] =
0] .
T T T T T T T T
1] 2.4 bl 7.0 1o 125 15 175 20 min
Sigmal 1: WOl A, Wavelength=Z54 nm
Peak FRetTime Type Width Area Height Area
# [min] [min] mATT *= [l TT 1 %
= |====]=====— | === | === | === |
1 &.EE3 EBAL 0.2384 5396 _6181le 38Z.11124 46 5572
z 7_540 BY 03068 445 20923 ZZ.243915 3.46E51
3 8461 WV 0.3828 448_91Z0Z 17.7E485 34861
4 13 433 EE 1.1E537 E£E985_ 41504 TEOL1106 45 4209
WANDT A, ravelength=254 nm (DT ESTOTASG0GE. 0
mal =
E
1600
1400 o] >L
o
1200 PhoC = o
+1
F
200
600
400
200 - PE— g
-4
Ll
= % o+
] s . .-V\.: . L
T T T T T T T T
0 2.5 il 78 10 124 15 175 20 min

Sigmal 1: WDl &, Wawvelengbh=754 nm

Pezak BetTime Type Width Area Height Area
¥ [min] [min] wAT *= [mATT 1 ]
|- [====| === | ===mm—-- | === mmm o [ === [
1 &, BEET7 WU 0.248% £.3832E01led 17E1l.47c44 D1 32553
z T.8Ze WU 0.1210 438.61374 29.03368 1.E57&3
2 g.488 WU 0.3674 TIEZ.E26178 ZE.E9ELZ Z2.E23
4 14.243 VBA 1.10&2 1407.4z2529 lz.7237¢ 4. 5403
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WA A, WMigvelength=254 nm (HA DT ESTO19508.00
mAl 5
410
2450 o fe] >/_
- o]
300 ] FhaC O
(+]
200
150
100 =2
o~
o
50 % = [\
— o4
= - —
o LTy L
T T T T T T
1} a i0 15 20 5 30 min
Sigmal 1: VD1 A, Wavelength=Z54 nm
Peak RetTime Type Width Area Height Area
# [mir] [min] mwAIT *= [Tl 1T ] %
il Rttt | === |========== | === | —=====— |
1 2.E525 WEA 0.3820 1.05452=4 42170993 4313432
£ 1l.z20%2 EV 0.703 E982.97Ec60 &.BZ065 1.3647
3 1lE.&71 VB o.7780 423.E57El4 2.7884]1 1.9234
4 ZE.Z30 EBE Z.5668 1.06401=4 L2.32E96E5 48 _5g78
Totals Z.12073e4 435 37EEE
WD A, WiEvelength=25<4 nm (Hd 2T ESTO19504. 00
mAal ] i
1200
0 >L
1000 - 0
PhyC =N 0
+]
G000
400
200 o
= &
[ ] =
— o+
] T
o L )
T T T T T T
1] i 0 15 20 25 30 _min

Ziegmal 1: WUD1 A,

Peak RetTime Type
# [min]

WMavelength=7 E4 nm

Width Lres Height Area
[min] wdT *s [ wATT 1 L]

1 2,470 Vv
z 1lZ.e03 VE
2 E4.8332 EB

Totals

0.3882 3.4274%ed  1341.33127 85_.82417
0.gzel 12EZ_ 1597325 46,2317 L.Denz
Z_0E7% Z3EZ _&3318 15 _E2EeR & 0331

2.8E797e4 1404 _Z32871
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WADT A, Wravelzngth=254 nm (Hl QT ESTOT9601. 00
mAll Z
7004 } \ .-_'
GO0
A00
400
200
200 o+
8
=
100 =
o
@ 1=
)
o — e , AN TA N .
T T T T T
o 5 10 15 20 25 min
Sigmal 1: VD1l &, Wavelength=2ZE54 nm
Peak PetTime Type Width Area Height Area
# [min] [min] AT *= [l TT 1 &
== | === ]=====— | === | === |======— |
1 8.76%2 VBA O.3520 1.72750ed 733094445 489 7011
z 1lz.g84z BV 0.4186 48511447 13 04028 1.3676
3 13.7321 WE 0.458E51 E1E.1Z9E8 1744313 1. 4828
4 zZ0.834 EE Z.17T7E 1.71963ed 107. 03320 48.47351
Totals : 3.54716ed 76, 46704
SWANDT A, iavelength=2454 nm (HW 0T ESTO19602 .00
mAL z
200 %
o0+
q \/.L
o
we (+3  PhyC=N 0
(T
400 s
300 +
200 4
100 =2 o
o
= 3
0 . =
T T T T T T
1 5 10 15 20 25 30 min

Sigmal 1: VULl &, Wavelength=2ZE54 nm

Peak RetTime Type Width Ares Height Area
# [min] [min] wdll = [ mdTT 1 %
== | === === | === | === |======— |
1 G734 VW 0.3601 1.9321Z=4 S26.34%4% 93_6836

2 1Z.a02 BV O_4z36 E3Z_43E67 1921321 Z2_E5217
3 Z£4.403 EBE 1.7000 770023920 6. 249465 3.7347

Totals : Z_06230e4 251._91z16
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WD A, W velength=254 nm (HW QT ESTO15907.00)
mAl =
800 o) >L
- o]
200 ] PhaC o]
+
o (70
500 o @
400
300 >
200 o \\
o«
100 &
e
1} t T
— 1 1 T 1 r T I 1 " I T T 1 1 T
i 2 4 5} 2 0 12 14 16 min
Signmal 1: VWDl &, Wavelength=254 nm
Peak PRetTime Type Width Area Height Area
# [min] [min] wATT *= [maTT 1 3
inmiuiall Bt | === ]=====— | === | === |======— |
1 &. 5&& BV 033227 1.91z276ed 262 1%c84 48 1083
z 7.393 VW 0_5013 1743. 823224 48 12354 4.3858
2 11.1Z21 VE 1.15z0 1.238%6e4d ZET.E40z&5 475079
Totals : ZF.976l0e4 1143 87063
WD A, WiEvelength=254 nm (Hd QT ESTO15905. 00
mald ] =
2000 0 >L
o
1750 4 PhoC =M 0
1500
O
1260
0
1000
7450 o
500 o
2460 % %
o =
_,—\.I,—"'F'_\_\_'_‘—\—v-\_
1]
T T T T T T T T T
i} 2 4 G g [1] 12 14 16 18 min

Sigmal 1: VWDl &, Wavelength=z54 nm

Pealr PetTime Type Width Area Height Area
£ [min] [min] ndD *= [wlTT 1 %
== - | === === | === | === |======— |
1 g.478 VT 0.3278 4.73691ed  EZ18.1398%2 83_0Z1%8
z 7.307 WW 0.3353 Z530.88982 6. 9ZEEA 4.5888
3 lz.064 WBA 1.0022 3815.165E0 EE. 23771 7.0894
Totals L.3815led  Z372.060492
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WA A, Wiavelength=T54 nm (HRICT ESTOT 200,00
mAll %
S00+
400 [+)
300+
0+ —
#
100
W
#3
~ @
o t -
T T T T T T T T
i 2 4 fi ] 10 1 14 16 min
Sicmal 1: VD1l A, Wavelength=z54 nm
Pesk BetTime Type TWidth Area Height Area
# [mir] [mizm] wldiT *= [ ity 1 %
=== | === | === | === | === |
1 £.494 VEL O.z4€3 271317187 E39_1¢3L6 49 1c6d
z 7.85E5 BV 0.14z0 SE&_7EETT 1073337 0.E4E:
2 2.8E4 VW 0.4023  1led 0E32ES &.1173¢% 0.5z43
4 11.481 VBA 0.9g31 2754 0EEee  133.3¢84e 45 3631
WD A&, izvelength=284 nm (HA 0T ESTO18502 . 0
mal ]
000 H
1750 a >L
a
1500 PhaC =M 0
[+
1250 4 O
1000 Cl
TE0 o
£00 o
250 a Z
£ 2 o
J = = =
o
1] L t v
—+ r I v ‘*r ‘* T ‘* ‘* T T ‘T T ‘* T ' T ‘T T ‘* T T 1 T T
i 2 4 fi 2 1] 12 14 16 min

Sigrnal 1: VD1 &, Wavelength=Z54 nm

Peak PetTime Type Width Area Height Area
# [min] [min] wATT *= [maTT 1 L
il Bttt | === === | === | === |========
1 G.6EZ6 YW 0.2Z647 3.60430ed Z095.37388 87.2983
z 2.066 YT 0.1l Z54.918L2 17.10040 0.6174
3 2,990 7T 0.4372 170831287 E7_2313E 41376
4 1Z.364 VEL 0.3541 3EZ80.9ZE61 EEZ_0Z93E 7. 3466
Totals 4 12872ed ZEZ3.032438
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S80

AT A, MEvelength=Z54 nm (AW ESTOTI50V.I0
mAad ] r
600
500 o }
1 o]
] P hiaC 0
st (£) go
300 4
b o
200 -
] =
100
q [
b3 2
1 = S
0 T 1
-"'|"|' — 1 T~ T T -~ [ T T r T T T r [ T T T T T T
1] 248 5 ] 0 12.5 15 17.5 20 2X5  min
Sigmal 1z VID1l A, Wawvelength=254 nm
Peak PRetTime Type Widch Area Height Ares
4 [mim] [mirn] mwAIT *= [ T 1 %
=== === | === | === | === |======— |
1 g.305 BV 0.3954 1._&63547e4d G2E. 63080 48 L5634
Z 1o 847 TW 0.&6613 £13.48279 13._&47E8 1.8E0&
2 1E5.34Z BB 1.4308 1.&0&531ed 151. 54115 47 8865
4 12_E533 EBBA 1.Z688 EE0.Z0%66 E.ZEZ37 1.9E35
AN A, WfEwelength=254 nm (HW Q6T ESTO19503 . 00
maAl 3
700
600
500
400 -
300
200
100 § = .
] =2 = =
(]
D.
T T T T T T T T T
1 24 i 78 0 125 15 174 20 2158 min
Sigmal 1: VWDl &, Wavelength=ZE54 nm
Peak PBetTime Type Width Ares Height Ares
# [min] [min] waAIT *= [waTT 1 %
iuminiall Bttt | === ] === | === | === | === |
1 833 WV 0_.3964 Z2_ 062544 7937104 B6_ 3170
Z 10.2z3 WEB 0_g4Z0 1013 _81ZE0 23.14335 4 Z4ZF3
317,171 WW 1.37E51 1477 _ EE444 1&. 20851 61838
4 Z20.04%8 VEBA 1.4717 77817010 7.345610 3.E2EEE
Totals : Z.38594%924 240. 41604




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

WD A, WEvelength=I54 nm (I EXTOT 401.T0
mall =
1000 o }ﬁ_
o]
PhoC =N o
800 ()
710 .
L=
600 cl o
400 4
004
=
=
=3
0
T T T T T T T T T T T T T T T T T T T
1] 2 4 i 2 10 12
Sigmal 1: VDl &, Wavelehgth=2ZE54 nm
Peak FetTime Type Width Area Height Area
i [min] [min] AT *= [maTr 1 %
=== |=== === | === |==— == | === |
1 7.119 W 0.2814 2 _ZZ04%e=4 1z08_ 13550 45 2917
Z 8,019 Vv 0.2138 LEEZ. 38226 36.63074 1. EZE62
3 5.982 WU 0.538l Z_Zz207=4 E77.238E83 49,4821
Totals : 4_E0480e=4 1822 00476
WANDT A, i velength=254 nm (HRIOTESTOT 402 T
mAl F
1200
0 }ﬁi_
0
1000 - PhoC =M 0
[+)
00
Cl
BOO
400
200
- =
= o
1] t T
T T T T T T T T T T T T T T T T T T T
0 2 4 fi 2 0 12 14
Sigmal 1: VD1l A, Wavelength=2ZE54 nm
Pesk PetTime Type Width Area Height Area
# [mir] [min] wdTlT *= [mdIT 1 %

R EEEE e [==== === o= e [ ==mmmmmm - [-m=mmmm- |
1 7.140 BV 0.Z822 Z.E30321led 1404 33374 D24 39L322

Z 2.027 WW 0.Z111 16&_731Z0 10. 356045 0. 5268
2 S.E11 VEA 0.E273 1Z1E. 12842 2486501 4.443¢

Totals : Z.72780e4 145015013
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AT A, Wivelength=254 nm (HW QT ESTO 2405, 00)
mAl b=
a00
Cl %
N o
400 =
Ph.C 0 o
L=}
o
Br
200 4
100 4
o
oo
=]
-
1}
T T T T
i 2 4 G i
Sigmal 1: WDl &, Wavelength=Z54 nm
Pealk PetTime Type Width Area Height Area
i [mir] [min] mwal = [ 1T 1 4
=== | === ]=====—= | === | === |======— |
1 7.33E VW 0.E920 1.055947=4 LE4. 08124 45 7068
z 7.888 TW 0.1710 143 E345E 1z.30884 0_.6734
3 5_E73 WBA 0.4647 1_0876led 34613043 43_61358
Totals : Z2.12144ed S1E. 52050
WANDT A W velength=254 nm (HW 25T ESTO 2402, 00
mAll g
1400 H
0 ?gi_
1200 H 0
PhoC=M 0
1000 H [+1
200 H Il'i] [lli]
Br
600
400 H
200 § g
o (==
1]
T T T T T T T T T T T T T T T T T T
1} 2 4 i ]
Zignal 1: VULl &, Wavelength=z54 nm
Peak PetTime Type Width Ares Height Ares
# [mirn] [mirn] mwAT *s [l TT 1 k]

——m |- [ === | ==mmmm- [==mmmmm o [==mmmmmm - e [
1 7386 VU 0.z320 Z_33257%=4 1E00.046Ze D2Z.70E7
Z 8.034 WV 0.1%25% 716 55371 bZ._ 88336 Z.Z65E
2 2,739 VBEL 0.432Z¢ 153025438 Le_gzZ0z0 E.0Zal

Totals : 2.16331le4  le03_ ELER2
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SAOT A, awelength=254 nm (AW ESTOT 405 T
mAl ] =
700 ﬂ
600
500
] [+)
D
300
3
EIZIIJ—_ t
100 o
o
] i
ol M . ,
T T T T T
i} 5 10 146 20 25 min
Sicmal 1: WD A, Wawvelength=754 nm
Peakr PBetTime Type Widch Area Height Area
# [mir] [min] whATT *= [ 1T 1 %
== - | === === | === |========— |======— |
1 2,805 VBA 0.4382 Z.0882le=4 724.40387 49 0E&8E
Z  1E.98z2 VW 0.7793 S504.78500 13.133937 Z.1EEE
2 17.240 VB 1,756l E.07805=4 o0 26247 48,8179
Totals : 4. ZEeTded 20z 80630
SANDT A, Wavelength=254 nm (Hd QT ESTO1 7404, 00
mal =
GO0
500
400 [+]
300 4
200 4
100 -
o4 -
:
- o~
i} e
T T T T T T T T T T T T T T T T T T T T
o i 0 15 20 25 min
Sigmal 1: VWDl &, Wavelenhgth=z54 nm
Peak PetTime Type Width Area Height Area
4 [min] [mimn] a7 *= [ i T %
Inmiuiall Bttt | === ] === | === | === |======— |
1 2,878 VW 0.4428 1.86365ad 4342371 91.0944
2 16.3E0 BE 0.8972 9S8Z_48517 15. 67514 4_ 8023
3 EZ0.L5E7 BBA 1.4990 8239 46356 784427 41033
Totals - Z.04E5284e4 BEE. 94317
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WANDT A, Wavelength=254 nm (HWCTTESTOTT70E . O
masl 7
1200 H ?
o Mo
ol
1000 - PhoC =M o
Oy
200 4 o
cl cl =
-~
600
400
o
200 4 =
o L
T T T T T T T
1] i &4 5} g 1] 12 14 min
Sigmal 1: VDl &, Wavelength=Z54 nm
Peak PRetTime Type Width Areas Height Area
# [mir] [min] mwAT *= [maTr ] ¥
il Rttt | === === | === | === | === |
1 5_043% BEAL 0.214% 1.81331l=d 1301.7E061 47_70388
z T.E21 BV 0.3215 1.7376led ESZ. 43230 47,0227
2 T.BEZ WV 0.15%54 1533 _&7505 142 71Z6g E.EEEE
Totals 3.80079=24  EZ13E6.29609
WAOT A, WiEvelength=E58d nm (AT O ESTO0 ¢ 04 0
mAl =
' T
200
F00
600
500
400 o
300
200 H
100 =
~ 2
o T T T T T T T T T T T T T T T T T
1] 2 4 1} g 10 12 14 min
Sigmal 1: VIl &, Wavelength=254 now
Pesk BetTime Type Width Area Height Area
i [min] [min] wal *= [miTr 1 ¥

e e e EEEEE e [==mmmm oo [=mmmmm - [
1 &.042 WV 0.2187 1.2%¢6led 224 17068 93 _EQEL
Z 7.501 W o_4007 ©594.63715 27.38734 4_ 9933
3 7.81% WW o_1%30 zEO.&8300 17.81872 1.801F

Totals - 1.3311z2ed 939 37672
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WD &, UiEvelength=254 nm (HW O ESTOA 770 .00
il %
1000 H 0 }.-:
o]
(+] PhaC =N s
a00
"
G600
0
200 4 E
o
2 e o
o 2 /_\\_‘R_._ﬁ
D_
T T T T T
i i) 0 15 i 20 min
Sigmal 1: VWDl &, Wavelength=Z254 nm
Peak BetTime Type Width Area Height Area
# [min] [min] wdl *s [mATT 1 &
= - | === | === | === | === | === |
1 7.180 BV O_Z357 1.2835Zed 119277220 46,9538
z 9,898 WV 0.4347 1053 23228 37_E590z22 26708
3 10.E57e WY O_EBE7E 112E.68e7k 24 _0LEE2 Z.952L%
4 Z1.078 BEA £.7340 1_826703e=4 91._.34817 47.3373
Totals : 3_94470e=4 136176948
WANDT A Wz velength=254 nm (HW O ESTOTVOE.Th
mAal 2
1200 H
1 o ¥
1000 N o
) FPhl= 0
200 + ".IOJ,-"
600
400
200 H -
] 3 2
rog &
0 = .
T T T T
0 i 10 15 20 a0 min
Sigmal 1l: VDl A, Wavelength=254 nm
Peak BRetTime Type Width Area Height Area
i [min] [min] walT *= [mATT ] %
iumiutall Bttt | === === | === | === | —=====— |
1 7.18% BV 0.E398 2.13417=4 1371_E7734 SE_L832
z F.754 BV 0.3847 E1_57313 2_1276E O.2237
3 10.7E24 VW 0.5z75F LZ1_EEz32E 1512486 Z.Z6E4
4 ZzZE.72% EE 1.7632 1136_ 539272 2_E2373 4.93207
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WANDH A, WMigvelength=254 nm (HA DT ESTO19901.00
msll =1
T00 I
600 H
500 (+)
410
200 H
200 H
100 -
[
@ =
D L
T T T
1} i} 10 25 min
Sigmal 1: WDl A, Wawvelength=FE4 nm
Pealr PetTime Type Width Area Height Areas
# [mirn] [min] wAT *s [mATT 1 &
== | === === | == | === |======— |
1 7.3le VW O_Z673 1.E30Z8e4 0623834 43 1ZFE0
z 9,544 TV 047328 Z8z.81087 S_E33248 1.1z232
3 10.377 VE 0_E714 336.54373 8_68573 1.3437
4 12.072 EE 2. 1860 1.Z1z233ed Te_ 40728 48 40E81
Totals : 7. 5045454 800 55490
SADT A, i velength=254 nm (HW QT ESTO19902 . 00
mAl g
4 ¢
200
600
| [+)
400
00
' 2 3 :
] 2. 2 A
o4 LT
T T T T T
i} & j[1] 15 20 25 min
Sigmal 1: VDl 4, Wawvelength=254 nm
Peak FRetTime Type Width Area Height Ares
# [min] [min] waT *= [malr ] ¥
== | === === |======———= | === | === |
1 7.306 VW 0.2610 1_50&860=4 833_ 69448 83_6019
z S.50e VW 0.5045 S390_00354 Z7_3TEESR E_E271
3100393 Wy 0. 3064 24._95107 Z.90174 0.4323
4 EEZ.138 BEA 1.&62e0 S9&5_ 77838 2.5417¢ E_e7EL
Totals : 1.70E68ed S33.410EF4
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WANDT A, Wiawelength=25<4 nm (HW 0T ESTO19602. 00)
mAl g
2000
o M-
o}
(%) FhaC =M o]
1500
5 | g
1000
A00 =
% 8
o o
3 5 =
- =
0+ , e /\
T T T T T T
i} i) 0 15 20 25 3 min
Sigmal 1: VD1l 4, Wavelength=z54 rm
Peak PetTime Typs Width Ares Height Area
¥ [mir] [min] wal = [marr ] %
=== |====]=====— | === | === |======—= |
1 8.703 WY 0.3343 4_94305=4 ZE81.17EF85 45 5083
Z 1l0.0&88 WBA 0.4891 4853 96974 15020789 4. 4588
3 13.47& BE 0.811& 4241 74854 203245837 4. 4578
4 1%.500 BEA £.9111 4.9459F8ed ZE4._ 29774 45 EEL4
Totals : l.0861%=5 E747.EEZEE
WANDT A, W velangth=254 nm (HW Q5T ESTO19604. 00)
mAl ] @
]
1000
0 >L
o
0 PhyC =N 0
(+)
0 0
600 5 | W
400
200 H
A i &
= = g
] —— = L
— T — ] T T T
i i 0 15 20 25 a0 min
Sigmal 1: VD1 A, Wavelsngbh=2Z54 nm
Peak PRetTime Type Width Area Height Area
# [min] [min] mAlT *= [Tl TT 1 %
il Rttt | === ] === | === | === | === |
1 2.682 BV 0.3z264 Z.46013ed4 1158.18&77 SE.8335
Z 10.1:9 WEB 0.580% 137. 27531 3.£8140 0.4991
3 14.1z& EBE 0.8z57 333.77EL19 &, 08228 1.25538
4 ZL.&14 EBRA 1.8900 143311682 11 257:7 L4079
Totals : Z.650042d4 1178.7823E2
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WA A, iiavelength=254 nm (HA 0T ESTOT710%. 00
mal Z
350
A
300 4 o]
re)  PhoC= 0
250
.
200
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100 5
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- e
D_ 1 1
— T r [ * ‘* ‘* T [ ‘* * *~ ' T T T T ‘'t T T T T T T
o b 10 15 20 25 0 min
Sigmal 1: WDl A, Waweleswgth=ZE4 nm
Peak PBetTime Type Width Area Height Area
# [min] [min] maAlT *= [ ity 1 E
=== | == ]===—-— | === | === | === |
1 2.93% BV 0.3803 2208.89551 338 56277 47.0052
11 229 Wy 05493 63813483 14 68166 3027
2 lE.0es VB 1.17e2 797.85z01 S_40EGE 2.7840
4 EZE.T7EZ1 BE Z_ZEER 9735 26465 E2_ 67287 461821
Total=s Z2.10801=4 487 3199ZF
WANDH A, WiEvelength=254 nm (HW QT ESTOA 7106, 00)
mAl &
2000 %
1740 0 >L
o
1500 PhoC=N o]
) =
1250 \II f
1000
A0 o
500 o
250 o =} = o
J 2 & 5
= -+ ]
— — o~
o , Lo .
T T T T T T
1 5 10 15 20 25 20 min
Sicmal 1: VD] A, Wavelehgth=254 nm
Peak PBetTime Type Width Area Height Area
# [mir] [min] wAT *= [ i T 1 E
it Bttt | === ] === |========= | === | —=====— |
1 2,824 WV 0.2610 4.2908%7e4 2053207020 90,764l
2 10,12 Wy O.E5EZE 1080, 23364 Z3.1E5l8l Z.0048
3 14,476 VW 0.7327 1036, 55347 Z3_E9380 Z.03EL
4 E3.3Z6 BEA 1.817E8 2735 738320 218182 E.13&0
Totals E.38832ed  Z136.67803
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WA A, Wiravelength=254 nm (HW QT ESTO16003 .00
mall $
o M-
200+ o
+1  Phst = e
o
150 - L
100+
Ll
oo
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a0 b
o
=]
=
o4 M L s
L | T T T T L A L | T
] i 0 15 20 5 min
Sigmal 1: VDl A, Wawvelewngth=754 nm
Peak BetTime Type Widch Area Height Area
# [mir] [min] wilT *= [zl 1T 1 k]
== - | === === | === | === | === |
1 2.5z TV 0.3268 E345.30684 EE1.46828 438 5420
Z 1&.10& EE 1l.0494 4E28.07088 . 34EBE 3.8878
3 EZ0.Z82 EE 1.5454 EEZS.E14328 48, 27937 475700
Totals : 1.101l1lce4 20609047
WADH A, Wivelength=254 nm (HW T ESTO G012, 00
mal ] %
2000
1740
0
1500 N 8]
Ph,C= 0
+
1240 +) ]
1000
750
a00
250 § g
= &
o L ; . —
T T T T T
i & 0 15 20 25 min
Sigmal 1: VDl &, Wavelength=Z54 nm
Peak PRetTime Type Width Areas Height Area
# [mir] [min] mwATl *= [mATT ] E3
il Rttt | === === | === | === | === |
1 §.337 VB 0.3581 5.169E5=4 ZE03.53447 215331
£ 1lé.&32& BE 1.1128 1155 _030E1 1E5.624E2 Z.0E5z3
Z E1.&73 BE 1.7447 2E5231_8310%5 Z3.7E63e8 &.3470

Totals L.64335ed4 2240 FZ239
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WAWDH A, Wizvelength=2484 nm (HW 0T ESTOST01.00
mAal &

y

1200
o V-

1000 - . O

800 1 O O

600

400

00 4

=
>?3sg
ﬁ 14031

T T
0 25 ] 75 10 125 15 175 20 min
Signal 1: VWDl 4, Wawvelength=254 nm

Peak BetcTime Type Widch Area Height Area
# [mir] [wmin] whiT *s [l T 1 %
=== | === ======= |========-- | === |======== |
1 E.23E5 Tr 0.Z2%8 Z_08134ed 1371_26759F 48 L5380
z 7.3269 BV 0.2194 13204.91839E LEa_ez042 2,091t
2 14.021 EE 1.52e6 2.039E0ed 190 77827 48,2108
Totals : 4. 22103%ed  1EzZ. EC3EZ

SWANDT A, MiEwelength=254 nm (HW 05T ESTO1A707.0O0
mal ] =
1600
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0 75 3 76 10 115 15 175 20 i

Sigmal 1: VD1l &, Wavelength=Z54 nm

Pealk RetTime Type Width Area Height Ares
# [mir] [min] wAT *= [miTT 1 %
il el |==== === | === | === |======— |
1 4,210 VW 0.1211 Z.12022ed4 1763, E24304 87 7E&2
z 2.7¢t BE 0.&60z2 1500, 20002 2T 348EE E.2121
2 12,122 BE 1.2E17 1457.20127 lg.1L5281 5,021

Totals - Z.416lled 1212 75007

S90



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

S91

LADT A Wiavelength=254 nm (H DT ESTOTF 101 .0
mal i
Too
GO0
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400
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100 4 = 5
8 2 g
o = /
0+ . — T v
T T T T T T
0 10 20 0 40 1] G0 min
Sigmal 1: WWD1 &, Wavelenogth=254 nm
Pesk BetTime Type Width Area Height Area
# [mir] [min] wAT *= [h1T 1 %
=== | === === | === | === | === |
1l 1lz.EE> VEA 0,632 2_ZEldZed T7E.68721 450163
z Ez. 330 VE 0.23E1 706, E3724 12.12154 1.0&EE
2 30,150 BE 1.28707 81z.83430 E.z0821 1.22E4
4 40853 BE 60140 3_FZ2991ed £7.31870 48 _E9E5
Totals : &.E33ETed 2632.49714
SADT A, Wiavelength=254 nm (HA DT ESTOTI05.00
mALl 2
200 4 :’:
700 4
600
500 4
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400
300 4
200 4
100 4 = ¥ =
L] = -
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0™ I .
T T T T T
1 in 20 a0 40 50 min
Sigmal 1: VD1 A, Wavelength=Z54 nm
Peak BetTime Type Width Area Height Ares
# [min] [min] wATT *s [ ATy 1 ]
il Rt |===—=l=====— |======= | === | === |
1 1Z.183 EBE 0.5951 3.166597e4 Bl&.E96E9 9056911
Z Z1.331 EB 0.82Z0 330_89216 &.04581 0.9476
2 E9.047 EBE 1.7z89 713 809332 L.0l9a3 Z.0441
4 47179 EBA 3_39LZ FZZ0E_S9EER 7.67308 E.317Z
Totals : 24920424 235.44102




Supplementary Material (ESI) for Chemical Communications

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

WD A Wigvelength=254 nm (H OT ESTO1720%. 00
mal ] =
0. A
Q0
350 Phos =M o]
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SRR
o
250+
200 +
150 +
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100 =
o
50 ‘L = &
- 9
- o+
— o4
|:| [l I N— 1
T T T T T T T
i & {1} 14 20 25 a0 35 min
Sigmal 1: VD1l &, Wavelength=254 nm
Peak PRetTime Type Width Area Height Area
i [min] [min] mAlT *s [mdTT 1 E
== |====]=====— | === | === | === |
1 13.&872 BV 0.7024 Z_03767ed 439 83020 4351448
2 17.1z0 WU 1.1211 E&L.zZ4677 7.E539332 1.3633
2 £4.02Z4 BE l.4488  &11.124E7 L.zzz08 1.4739
4 £5.&651 BE 3.4471 1.99097=4 TE.459599 43 018
Totals 4_l4cE8ed EE9.14320
WA &, WMigvelength=254 nm (HWl DT ESTO17306.00)
mal b2
400+
] Q0 )L
| ]
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200+
100+
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1 = & &
o4 PR I , . , .
T T T 1 L I e A T
i} i j[1] 15 20 25 30 35 40 min

Sigmal 1: VIl A, Wavelength=Z2ZE54 nm

Peak PBetTime Type

#

[min]

13.174 EE
1e.4324 EE
£3.005 EE

Wideh Area Height Area
[min] waAT *s [wATT 1 %
- | === === | == | === | === |
0.643% 1.9625%4e4 462.1211% S4.3735
0.2638 48. 75469 £.7E776e-1 0.2344
1.1504 39%9_ 68509 4_L5ZZ66 1.9217
Z.03%7 72054321 4.13316 3.4644

Totals

23.11Z EE

Z.

0798ded 47145378
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3 Z1.800 EBBA 0.7233 E0O7Z.582446 44 73373 8.7835

Totals : E.3E3390e4 232 4E632E2
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Signal 1: TWD1 A4, Wavelength=ZE54 nm
Peak PetTime Type Width Area Height Area
# [min] [min] mwill *s [Tl TT 1 &
il Bttt |====]=-====— | === | === |======== |
1 1ll.666 WBA 0.4080 1.35432e4 E0&_61539 48 L0E0
z 14.041 EE 0_E5082  S2l1. 53838 Z&.40933 3.1574
2 Z1.E1? WE 0.7762 1.345%64e4 Zeb_gbd40z 483376
Totals : Z2.79E12ed TIE_E7E74
WACDH A, Wiavelength=2464 nm (HWl QT ESTOZT005.00
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Sigmal 1: VWDl A, Wavelength=2Z54 nm
Peak PetTime Type Width Ares Height Area
# [min] [min] wAT *s [mATT 1 %
il Bttt | === === | === | === | === |
1 11.788 YW O.41e0 Z.09275ed TEZ.16E48 BE_BTSE
7z 14.148 VB 0.35584 5983 62341 4. 45507 Z.5367
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wANFON A&, iiEvelength=254 nm (HA 0T ESTOZ0901 .00
mAll @
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—— [ T T T [ T T Tt I * v T T T T T [ T T T [ T T T+ T
0 2 4 g 2 0 12 14 16 min
Sigmal 1: VWDl &, Wavelenhgth=Z54 nm
Pealr PetTime Type Width Area Height Area
# [min] [min] wAll *s [mATT 1 %
== - | === === | === | === |======— |
1 & 149 TV 01177 144037473 1233 82474 4 0288
z & 45l WEA 01547 1.730828=4 1645, 547258 43 _E11Z2
3 7.80E5 BV 019293 1.6920E=d4 13E4.11755 47_4E502
Totals : Z.55200=d4  2153.45014
WA A, awelength=25<4 nm (Hwl 0T ESTO20906 . O)
mAl hac]
1000
o
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80 - PhC =M 0
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600
400
0 g o
o o
o
o f\ :
T T T T T T
0 2 4 ] 10 12 min
Bignal 1l: VD1 A, Wavelength=254 rm
Peak RBecTime Type Width Ares Height Area
# [mir] [min] wal *= [malr ] %
=== |==—=]=====— |=====—=——= | === |======== |
1 E_ERE WU 0.1225 101397280 1z2E.20707 &. 5030
z 5.713 WY 0.1658% 1.31918=4 1Z0Z.2E5427 £4_.603%
3 8.313 WV 0.2086 1386_ 64221 93_87807 &.8330
Totals : 1.5592d4ed4  14F5.03941
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WADT A, Miavelength=254 nm (HW T ESTOZ0002 . T
mal 7] 0
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1] 2 4 i} g 10 12 14 16 Imin
Sigmal 1l: WDl 4, Wawvelength=Z&4 nm
Pealk BetTime Type Widch Area Height Area
# [mimn] [min] wAIT *= [wlTT 1 %
iuiniall Bttt | === ] === | ========- | === | === |
1 1% 315 BV O_Z&0&6 Z_.3ZFZ8Z=d 1338_973ELE 45 8715
2 13 455 WU 0_305k8 7?35.E7ZES 3E_9ERE1 1. E7E3
3 1l4.168 WV 0.Z365 EEZ.10122 35.23771 1.1935
4 14 657 VB 0.318% 2. Z24F2led 1047 24854 47 E6ES
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1500 —
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Sigmal 1: VD1l A, Wawvelength=Z54 nm
Pesk PetTime Type Width Area Height Area
# [mimn] [min] waATT *= [ TT 1 %
il Bttt | === === |========== |==—======- | ======— |
1 12.438 YW 0.2782 3.93024ed Z144._ 39423 20.16E28
Z  13.L59%0 wWwW 0.3l4s 234 40588 11.04588 o.&5g37
3 14.343 YW 0.z5%3 231.zZ27&7%8 1335842 0.5zz68
4 14823 VB 02332 3887 .951ce 172 61230 827251
Totals 4. 4ZEe0ed  E2347. 44087
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Sigmal 1: VWD1l A, Wavelength=Z54 nm
Peak PRetTime Type Width Ares Height Area
# [mir] [min] nAT *= [maTr 1 %
== - | === === | === | === | === |
1 Z8.z67 EB 0.8684 Eezd. 07764 45.3231041 B0 4529
£z &0.z21 EB E.7ET? ESTB.DETES 11.14%28 45 5471
Totals : LE0L. 00438 E7.45379
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10 0 20 <0 a0 o] 1] Kl min
Sigmal 1: VDl A, Wawvelewngth=754 nm
Peak BetTime Type Widch Area Height Area
# [mir] [mirm] wAT *s [ b 1T 1 k]

e EEE R e EEEE e [=mmmmmmm - [==mmmmmm - [=m=mmm- [
1 Z2.43& EEBE 0.8€77 T727E.0220&  1E7.845914 1000000

Totals : TE?L. 03206 127.8940314
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9. X-Ray Analysis for the Amino Acid 16

CCDC 742621 contains the supplementary crystallographic data for the product 16.
These data can be obtained free of charge from The Cambridge Crystallographic Data

Center via www.ccdc.cam.ac.uk/data_request/cif.

S97





