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General Information: Thin-layer chromatography (TLC) carried out on 0.25 mm silica gel plates
visualized with UV light and/or by staining with ethanolic phosphomolybdic acid (PMA) or iodine.
Flash column chromatography was performed on silica gel H (10-40 p). NMR spectra were
recorded on Bruker AM500 (5S00MHz). Chemical shifts () are given in ppm relative to TMS,
coupling constants (J) in Hz. Optical rotations were taken on JASCO P1030. High-resolution mass
spectra were recorded on Bruker ApeXIIl 7.0 TESLA FTMS. Enantiomeric excesses were
determined by chiral HPLC using a Waters instrument.

General Procedure for Multicatalytic Cascade Michael/Benzoin Reaction:

Step 1: To a mixture of catalyst A or B (0.01 mmol) and benzoic acid (0.01 mmol) in toluene (0.2
mL) was added f-ketonester (0.1 mmol) under an atmosphere of N,. Followed by the addition of
o,p-unsaturated aldehyde (0.2 mmol). The reaction was followed by TLC. Step 2: After full
conversion of pf-ketoneester, the reaction mixture was diluted with toluene (2 mL). Then
tryptamine (0.2 mmol) and benzoic acid (0.2 mmol) was added. The reaction mixture was heated
at 50 °C for 12-24h. The reaction mixture was diluted with EA (20 mL) and washed with saturated
NaHCO; (10 mL), brine (10 mL) sequentially. The organic layer was dried over Na,SO4 and
concentrated in vacuo to afford a crude product which was purified by flash silica gel
chromatography.
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(25,12bS)-Ethyl
4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate (3a):
The reaction was carried out at -15 °C for 12h using A as catalyst (step 1) and stirred for 12h at 50
°C (step 2), the title product was isolated as a white powder (78% yield, 92% ee):
'H NMR (CDCls, 500M): 8 7.67 (s, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.30-7.35 (m, 2H), 7.23-7.28
(m, 3H), 7.20 (t, J = 7.5 Hz, 1H), 7.05-7.16 (m, 2H), 4.25-4.40 (m, 3H), 3.90-4.00 (m, 2H),
3.14-3.24 (m, 1H), 2.82-2.91 (m, 1H), 2.73-2.80 (m, 1H), 2.66 (s, 3H), 2.29 (dt, J = 12.5 Hz and
3.5 Hz, 1H), 2.07 (td, J=12.5 Hz and 5 Hz, 1H), 0.99 (t, /= 7.5 Hz, 3H).
C NMR (CDCls, 125M): & 169.1, 154.9, 147.1, 136.1, 134.1, 128.3, 127.9, 126.8, 126.0, 121.7,
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119.6, 118.0, 110.9, 109.1, 96.8, 58.9, 49.6, 44.8, 38.1, 36.0, 22.4, 17.6, 14.3.

[a] ** b 140.0 (¢ 0.70, CHCLs).

HRMS (ESI) calcd. for (C,5H27N,0,)" 387.2064, found 387.2067.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 10.77 min (minor enantiomer), tg = 28.06 min (major enantiomer).
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(25,12bS)-ethyl
2-(4-bromophenyl)-4-methyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate (3b):
The reaction was carried out at -15 °C for 24h using A as catalyst (step 1) and stirred for 20h at 50
°C (step 2), the title product was isolated as a yellow solid (76% yield, 93% ee):
'H NMR (CDCls, 500M): & 7.75 (s, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.40-7.45 (m, 2H), 7.24-7.28
(m, 2H), 7.05-7.16 (m, 5H), 4.31-4.36 (m, 1H), 4.22-4.28 (m, 2H), 3.90-3.98 (m, 2H), 3.14-3.22
(m, 1H), 2.82-2.90 (m, 1H), 2.74-2.80 (m, 1H), 2.65 (s, 3H), 2.26 (ddd, /= 13 Hz 3.5 Hz and 2.5
Hz, 1H), 2.07 (td, J= 13 Hz and 4.5 Hz, 1H), 1.01 (t, /=7 Hz, 3H).
C NMR (CDCls, 125M): 6 168.9, 155.2, 146.3, 136.2, 133.8, 131.4, 129.7, 122.0, 119.8, 118.2,
111.0, 109.3, 96.4, 59.1, 49.6, 44.9, 37.9, 36.0, 22.5, 17.6, 14.4.
[a] ** b 183.4 (¢ 0.65, CHCLs).
HRMS (ESI) calcd. for (CasHaN20,Br)'465.1194, found 465.1172.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 7.82 min (minor enantiomer), tg = 30.76 min (major enantiomer).
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(25,12bS)-ethyl
4-methyl-2-(4-nitrophenyl)-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate  (3c):
The reaction was carried out at 10 °C for 48h using B as catalyst (step 1) and stirred for 24h at 50
°C (step 2), the title product was isolated as a yellow solid (91% yield, 93% ee):
'H NMR (CDCls, 500M): & 8.15 (d, J = 3.5 Hz, 2H), 7.85 (s, 1H), 7.48 (d, J= 7.5 Hz, 1H), 7.42 (d,
J=18.5Hz, 2H), 7.27 (d, J = 8 Hz, 1H), 7.08-7.18 (m, 2H), 4.35-4.42 (m, 2H), 4.26 (d, J =7 Hz,
1H), 3.90-3.97 (m, 2H), 3.18-3.26 (m, 1H), 2.76 -2.94 (m, 2H), 2.70 (s, 3H), 2.31-2.38 (m, 1H),
2.15 (td, J=12.5 Hz and 5.5 Hz, 1H),0.98 (t, /=7 Hz, 3H).
C NMR (CDCls, 125M): & 168.6, 155.8, 155.4, 146.5, 136.3, 133.3, 129.2, 128.8, 126.8, 124.5,
123.7,122.2,119.9, 118.3, 111.1, 109.5, 95.6, 59.2, 49.6, 45.0, 38.6, 35.8,22.4, 17.6, 14.4.
[a] ** b 96.0 (c 0.33, CHCL).
HRMS (ESI) calcd. for (Ca5sHagN304) 432.1909, found 432.1918.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 16.18 min (minor enantiomer), tg = 45.13 min (major enantiomer).
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(2R,12bS)-Ethyl
2-(2,4-dichlorophenyl)-4-methyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate
(3d): The reaction was carried out at 10 °C for 48h using B as catalyst (step 1) and stirred for 24h
at 50 °C (step 2), the title product was isolated as a yellow solid (86% yield, 95% ee):

'H NMR (CDCls, 500M): & 7.73 (s, 1H), 7.83 (d, J = 7.5 Hz, 1H), 7.42 (d, J = 2 Hz, 1H),
7.26-7.29 (m, 1H), 7.07-7.19 (m, 4H), 4.65 (d, J=4.5 Hz, 1H), 4.36 (dd, /= 13 Hz and 2 Hz, 1H),
4.25 (d, J= 13 Hz, 2H), 3.92 (q, /= 7.5 Hz, 3H), 3.16-3.25 (m, 1H), 2.84-2.94 (m, 1H), 2.76-2.83
(m, 1H), 2.68 (s, 3H), 2.31-2.37 (m, 1H), 2.15 (td, J = 13 Hz and 6 Hz, 1H), 0.98 (t, J = 7.5 Hz,
3H).

C NMR (CDCls, 125M): & 168.6, 155.8, 142.6, 136.2, 133.9, 133.6, 132.4, 130.7, 129.5, 126.9,
126.8,126.8, 122.1, 119.9, 118.2, 111.1, 109.4, 96.2, 59.2, 49.7, 44.9, 35.3, 33.1, 22.5, 17.6, 14.3.
[a]® b 81.6 (¢ 1.75, CHCLy).

HRMS (ESI) calcd. for (C,5HasN,0,Cl,) " 455.1289, found 455.1287.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 9.44 min (minor enantiomer), tg = 28.50 min (major enantiomer).
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(25,12bS)-Ethyl
2-(furan-3-yl)-4-methyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate (3e): The
reaction was carried out at 10°C for 24h using B as catalyst (step 1) and stirred for 24h at 50 °C
(step 2), the title product was isolated as a yellow solid (93% yield, 88% ee):

'H NMR (CDCls, 500M): & 7.80 (s, 1H), 7.48 (d, J = 8 Hz, 1H), 7.35 (s, 1H), 7.30 (d, J = 8 Hz,
1H), 7.09-7.18 (m, 2H), 6.27-6.30 (m, 1H), 5.96-5.99 (m, 1H), 4.24-4.40 (m, 3H), 4.00-4.12 (m,
2H), 3.20-3.30 (m, 1H), 2.72-2.90 (m, 2H), 2.59 (s, 3H), 2.53-2.57 (m, 1H), 1.91 (td, J= 12.5 Hz
and 5 Hz, 1H), 1.13 (t, /=7 Hz, 3H).

C NMR (CDCls, 125M): 8 169.0, 159.2, 154.9, 141.2, 136.2, 134.0, 126.9, 122.1, 119.9, 118.2,
111.1, 110.3, 109.2, 106.6, 95.4, 59.2, 50.6, 44.9, 32.7, 32.4, 22.5, 17.7, 14.6.

[a] b 19.2 (¢ 0.31, CHCL).

HRMS (ESI) calcd. for (C,3H,sN,03)" 377.1857, found 377.1859.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =13.44 min (minor enantiomer), tg = 38.10 min (major enantiomer).
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(2R,12bS)-ethyl 2,4-dimethyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate (3f):
The reaction was carried out at 10 °C for 24h using B as catalyst (step 1) and stirred for 24h at 50



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

°C (step 2), the title product was isolated as a yellow oil (56% yield, 81% ee):

'H NMR (CDCls, 500M): & 7.94 (s, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.33 (d, J = 7.5 Hz, 1H),
7.09-7.18 (m, 2H), 4.52 -4.58 (m, 1H), 4.07-4.30 (m, 3H), 3.06-3.24 (m, 2H), 2.72-2.90 (m, 2H),
2.49 (s, 3H), 2.05 -2.11 (m, 1H), 1.81 (td, J = 12.5 Hz and 5 Hz, 1H), 1.29 (t, /=7 Hz, 3H), 1.17
(d, J=7Hz, 3H).

C NMR (CDCls, 125M): § 169.5, 153.1, 136.2, 134.6, 127.0, 121.9, 119.8, 118.2, 111.1, 109.1,
101.1, 59.1, 49.8, 44.9, 34.8, 26.5, 22.5,22.2, 17.7, 14.7.

[a]® p -45.1 (¢ 1.7, CHCLy).

HRMS (ESI) calcd. for (CaHasN>05) 325.1923, found 325.1910.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =11.07 min (minor enantiomer), tg = 19.37 min (major enantiomer).

©EQ§COZH

39
(2R,12bS)-Ethyl
4-methyl-2-propyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate  (39):  The
reaction was carried out at 10°C for 48h using B as catalyst (step 1) and stirred for 24h at 50 °C
(step 2), the title product was isolated as a yellow solid (68% yield, 85% ee):
'H NMR (CDCls, 500M): & 7.82 (s, 1H), 7.49 (d, J = 8 Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.09-7.19
(m, 2H), 4.49 -4.55 (m, 1H), 4.05-4.28 (m, 2H), 3.12 -3.20 (m, 1H), 2.93-2.99 (m, 1H), 2.72-2.8 0
(m, 2H), 2.47 (s, 3H), 2.20 -2.26 (m, 1H), 1.70 (td, /= 12.5 Hz and 5 Hz, 1H), 1.45-1.57 (m, 2H),
1.30-1.45 (m, 2H), 1.28 (t, /=7 Hz, 3H), 0.97 (d, /= 6.5 Hz, 3H).
C NMR (CDCls, 125M): 6 169.6, 152.8, 136.1, 134.7, 126.9, 121.8, 119.7, 118.1, 110.9, 108.9,
100.3, 59.0, 50.0, 45.0, 38.2, 36.1, 31.2, 30.9, 22.5, 20.4, 17.6, 14.6, 14.2.
[a] % p -44.8 (¢ 1.50, CHCL).
HRMS (ESI) calcd. for (C5,H2sN,0,Na) 375.2054, found 375.2043.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 9.36 min (minor enantiomer), tg = 17.79 min (major enantiomer).
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(2R,12bS)-Diethyl  4-methyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-2,3-dicarboxylate
(39): The reaction was carried out at 10 °C for 2h using B as catalyst (step 1) and stirred for 18h at
50 °C (step 2), the title product was isolated as a yellow solid (59% yield, 69% ee):

'H NMR (CDCls, 500M): & 7.90 (s, 1H), 7.49 (d, J = 8 Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.10 -7.20
(m, 2H), 4.52 -4.58 (m, 1H), 4.05-4.30 (m, 3H), 3.83-3.87 (m, 1H), 3.15-3.24 (m, 1H), 2.74 -2.88
(m, 2H), 2.58 -2.61 (m, 1H), 2.56 (s, 3H), 1.88 (td, /= 13 Hz and 5.5 Hz, 1H), 1.31 (t, J= 7.5 Hz,
3H),1.24 (t,J=7 Hz, 3H).

C NMR (CDCls, 125M): § 175.9, 168.8, 155.0, 136.3, 133.5, 126.8, 122.1, 119.8, 118.3, 111.2,
109.2, 93.8, 60.9, 59.4, 51.0, 44.8, 38.9, 30.5, 22.4, 17.5, 14.6, 14.3.

[a]® b 83.7 (¢ 0.33, CHCLy).
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HRMS (ESI) calcd. for (C5,H7N,04)"383.1973, found 383.1965.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =13.03 min (minor enantiomer), tg = 32.37 min (major enantiomer).
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(25,12bS)-Ethyl
9-methoxy-4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate
(3i): The reaction was carried out at 10 °C for 24h using B as catalyst (step 1) and stirred for 2h at
50 °C (step 2), the title product was isolated as a yellow solid (70% yield, 94% ee):
'H NMR (CDCls, 500M): & 7.58 (s, 1H), 7.10 -7.33 (m, 6H), 6.90-6.94 (m, 1H), 6.76-6.81 (m,
1H), 4.24 -4.38 (m, 3H), 3.90-3.98 (m, 2H), 3.84 (s, 3H), 3.12-3.22 (m, 1H), 2.80-2.88 (m, 1H),
2.68 -2.76 (m, 1H), 2.65 (s, 3H), 2.24-2.31 (m, 1H), 2.06 (td, /= 12.5 Hz and 5 Hz, 1H), 0.99 (t, J
=7.5 Hz, 3H).
C NMR (CDCls, 125M): & 169.1, 154.8, 154.3, 147.2, 135.1, 131.2, 128.4, 127.9, 127.3, 126.1,
122.1, 111.6, 109.1, 93.8, 100.5, 97.0, 59.1, 56.1, 49.7, 44.9, 38.2, 36.1, 30.5, 22.6, 17.7, 14.4.
[a]® b 119.4 (¢ 1.05, CHCLy).
HRMS (ESI) calcd. for (CasHaoN,03)" 417.2188, found 417.2173.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =16.32 min (minor enantiomer), tg = 42.91 min (major enantiomer).
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(2R,12bS)-ethyl
9-methoxy-4-methyl-2-propyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate
(3)): The reaction was carried out at -15 °C for 48h using A as catalyst (step 1) and stirred for 1h at
50 °C (step 2), the title product was isolated as a yellow solid (93% yield, 93% ee):

'H NMR (CDCls, 500M): & 7.81 (s, 1H), 7.22 (d, J = 8.5 Hz, 1H), 6.94 (d, J = 2.5 Hz, 1H), 6.82
(dd, J=9 Hz and 2.5 Hz, 1H), 4.53 (d, J= 13 Hz, 1H), 4.09-4.30 (m, 3H), 3.88 (s, 3H), 3.14-3.23
(m, 1H), 2.95-3.02 (m, 1H), 2.80-2.89 (m, 1H), 2.70-2.77 (m, 1H), 2.50 (s, 3H), 2.24 (ddd, J =13
Hz, 5 Hz and 2.5 Hz, 1H), 1.72 (td, J = 13 Hz and 5 Hz, 1H), 1.46-1.59 (m, 2H), 1.32-1.45 (m,
2H), 1.30 (t, J= 7.5 Hz, 3H), 0.99 (t, /=7 Hz, 3H).

C NMR (CDCls, 125M): 8169.6, 154.2, 152.7, 135.6, 131.1, 127.4, 111.6, 111.5, 108.8, 100.4,
100.3, 58.9, 55.9, 50.1, 45.0, 38.2, 31.3, 30.9, 22.5, 20.4, 17.6, 14.6, 14.3.

[a] ® b -22.8 (¢ 1.60, CHCl,).

HRMS (ESI) calcd. for (Co3H3N,03)" 383.2323, found 383.2329.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =16.30 min (minor enantiomer), tg = 35.88 min (major enantiomer).
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(28,12bS)-Ethyl
9-bromo-4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate (3K):
The reaction was carried out at 10 °C for 24h using B as catalyst (step 1) and stirred for 20h at 50
°C (step 2), the title product was isolated as a yellow solid (67% yield, 94% ee):
'H NMR (CDCls, 500M): & 7.87 (s, 1H), 7.58 (d, J = 2 Hz, 1H), 7.26-7.33 (m, 2H), 7.17-7.25 (m,
4H), 7.09 (d, J = 4 Hz, 1H), 4.22 -4.35 (m, 3H), 3.89-3.97 (m, 2H), 3.10-3.19 (m, 1H), 2.74-2.85
(m, 1H), 2.65-2.72 (m, 1H), 2.63 (s, 3H), 2.28 (ddd, J = 12.5 Hz, 3.5 Hz and 2.5 Hz, 1H), 2.05 (td,
J=12.5Hz and 5.5 Hz, 1H), 1.46-1.59 (m, 2H), 0.98 (t, /=7 Hz, 3H).
C NMR (CDCls, 125M): 8169.1, 154.8, 146.9, 135.6, 134.8, 131.1, 128.7, 128.4, 127.9, 126.2,
124.6, 120.8, 112.9, 112.4, 108.8, 97.2, 59.1, 49.6, 44.8, 38.2, 35.9,22.4, 17.7, 14.4.
[a] % b 59.6 (¢ 0.3, CHCL).
HRMS (ESI) calcd. for (C25H26,N202Br)+ 465.1194, found 465.1172.
HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 12.66 min (minor enantiomer), tg = 38.74 min (major enantiomer).
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(2R,12bS)-ethyl
9-bromo-4-methyl-2-propyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate

Iz __

(3): The reaction was carried out at -15 °C for 48h using A as catalyst (step 1) and stirred for 18h
at 50 °C (step 2), the title product was isolated as a yellow solid (57% yield, 92% ee):

'H NMR (CDCls, 500M): & 8.06 (s, 1H), 7.60 (s, 1H), 7.17-7.25 (m, 2H), 4.51 (d, J= 13 Hz, 1H),
4.04-4.27 (m, 3H), 3.10-3.18 (m, 1H), 3.88 (s, 3H), 2.93-2.99 (m, 1H), 2.75-2.85 (m, 1H),
2.65-2.72 (m, 1H), 2.46 (s, 3H), 2.24 (ddd, J = 13 Hz, 4 Hz and 2.5 Hz, 1H), 1.69 (td, /= 13 Hz
and 5 Hz, 1H), 1.45-1.56 (m, 2H), 1.29-1.43 (m, 2H), 1.27 (t, J/ = 7 Hz, 3H), 0.96 (t, J = 7 Hz,
3H).

C NMR (CDCls, 125M): 8169.5, 152.5, 136.1, 134.7, 128.7, 124.5, 120.8, 112.9, 112.3, 108.7,
100.6, 59.1, 49.9, 44.8, 38.1, 31.2, 30.9, 22.3, 20.4, 17.6, 14.6, 14.2.

[a]® b 55.3 (¢ 1.15, CHCLy).

HRMS (ESI) calcd. for (C2,HgN,0,Br)" 431.1321, found 431.1328.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 11.89 min (minor enantiomer), tg = 27.29 min (major enantiomer).

N
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(2S,12bS)-Methyl
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4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate  (3m): The
reaction was carried out at -15 °C for 24h using A as catalyst (step 1) and stirred for 24h at 50 °C
(step 2), the title product was isolated as a yellow solid (95% yield, 92% ee):

'H NMR (CDCls, 500M): & 7.68 (s, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.29-7.35 (m, 2H), 7.19-7.28
(m, 4H), 7.06-7.17 (m, 2H), 4.35 (dd, J= 13 Hz and 3.5 Hz, 1H), 4.29-4.31 (m, 1H), 4.23-4.29 (m,
1H), 3.49 (s, 3H), 3.14-3.21 (m, 1H), 2.82-2.91 (m, 1H), 2.73-2.80 (m, 1H), 2.68 (s, 3H), 2.32
(ddd, J=13 Hz, 3.5 Hz and 2.5 Hz, 1H), 2.06 (td, /= 13 Hz and 5 Hz, 1H).

C NMR (CDCls, 125M): & 155.1, 146.7, 139.6, 136.1, 134.1, 128.5, 127.9, 126.9, 126.2, 121.9,
119.8, 118.2, 111.0, 109.2, 96.3, 50.8, 49.7, 45.0, 37.9, 36.2, 22.6, 17.6.

[a] % b 38.3 (¢ 1.05, CHCLy).

HRMS (ESI) calcd. for (Co4HasN>0,)373.1903, found 373.1910.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol =4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 12.23 min (minor enantiomer), tg = 39.82 min (major enantiomer).
N o
NARAN
- O

(25,12bS)-Isopropyl
4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate  (3n):  The
reaction was carried out at -15 °C for 24h using A as catalyst (step 1) and stirred for 20h at 50 °C
(step 2), the title product was isolated as a yellow solid (95% yield, 96% ee):

'H NMR (CDCls, 500M): & 7.72 (s, 1H), 7.43-7.51 (m, 1H), 7.18-7.35 (m, 6H), 7.07-7.18 (m, 2H),
4.84 (m, J = 6.5 Hz, 1H), 4.25-4.35 (m, 3H), 3.15-3.24 (m, 1H), 2.73-2.91 (m, 2H), 2.65 (s, 3H),
2.24-2.32 (m, 1H), 2.07 (td, J= 13 Hz and 5.5 Hz, 1H), 1.13 (d, J=6.5 Hz, 1H), 0.77 (d, J =6.5 Hz,
1H).

C NMR (CDCls, 125M): & 168.7, 154.8, 147.6, 139.6, 136.2, 134.2, 128.3, 128.1, 126.9, 126.0,
121.8,119.7, 118.1, 111.0, 109.2, 97.8, 65.8, 49.5, 44.8, 38.5, 36.1, 22.5, 22.3, 21.5, 17.7.

[a] % p -85.9 (¢ 0.19, CHCL).

HRMS (ESI) calcd. for (CasHa9N,05)" 401.2219, found 401.2223.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 10.21 min (minor enantiomer), tg = 21.80 min (major enantiomer).

CEQ§/COZ+BU
N B,

H

- O

(28,12bS)-t-butyl
4-methyl-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate  (30):  The
reaction was carried out at -15°C for 72h using A as catalyst (step 1) and stirred for 24h at 50 °C
(step 2), the title product was isolated as a yellow solid (73% yield, 96% ee):
'H NMR (CDCls, 500M): 8 7.62 (s, 1H), 7.45-7.50 (m, 1H), 7.18-7.35 (m, 6H), 7.07-7.18 (m, 2H),

4.24-434 (m, 1H), 4.18-4.23 (m, 1H), 3.15-3.24 (m, 1H), 2.72-2.92 (m, 2H), 2.61 (s, 3H),
2.21-2.28 (m, 1H), 2.08 (td, J=12.5 Hz and 5.5 Hz, 1H), 1.19 (s, 9H).
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C NMR (CDCls, 125M): & 168.8, 154.3, 147.9, 136.2, 134.2, 128.3, 128.2, 126.9, 126.0, 121.9,
119.8,118.2, 110.9, 109.3,99.5, 49.4, 44.7, 39.1, 36.3, 28.3, 22.5, 17.8.

[a] % b 78.4 (¢ 0.60, CHCLy).

HRMS (ESI) calcd. for (Co7H3N,05)" 415.2385, found 415.2380.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 8.91 min (minor enantiomer), tg = 12.87 min (major enantiomer).

(25,12bS)-ethyl
2-phenyl-4-propyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3-carboxylate ~ (3p):  The

reaction was carried out at -15 °C for 24h using A as catalyst (step 1) and stirred for 20h at 50 °C
(step 2), the title product was isolated as a yellow solid (92% yield, 94% ee):

'H NMR (CDCls, 500M): & 7.72 (s, 1H), 7.44-7.52 (m, 2H), 7.30-7.36 (m, 2H), 7.20-7.28 (m, 3H),
7.08-7.18 (m, 2H), 4.23-4.35 (m, 3H), 4.18-4.23 (m, 1H), 3.96 (q, J = 7 Hz, 2H), 3.36-3.47 (m,
1H),3.18-3.27 (m, 1H), 2.71-2.95 (m, 3H), 2.26-2.33 (m, 1H), 2.07 (td, /= 13 Hz and 5 Hz, 1H),
1.83-1.95 (m, 1H), 1.62-1.74 (m, 1H), 1.14 (t,J=7 Hz, 3H), 1.02 (t, /=7 Hz , 3H).

C NMR (CDCls, 125M): & 168.6, 159.1, 147.3, 136.2, 134.2, 128.3, 127.9, 126.9, 126.1, 121.9,
119.7, 118.1, 111.0, 109.2, 95.8, 58.9, 49.6, 44.6, 38.1, 36.2, 31.8, 22.8, 14.4.

[a] ** b 62.3 (¢ 0.80, CHCL).

HRMS (ESI) calcd. for (Co7H3N,0,)415.2374, found 415.2380.

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg = 9.76 min (minor enantiomer), tg = 61.16 min (major enantiomer).

N
N H

H
3q

(2S5,12bS)-t-butyl 2,4-dimethyl-1,2,6,7,12,12b-hexahydroindolo[2,3a]quinolizine-3 —carboxylatel 0
(30): The reaction was carried out at -15 °C for 24h using A as catalyst (step 1) and stirred for 20h
at 50 °C (step 2), the title product was isolated as a yellow solid (51% yield, 80% ee):

'H NMR (CDCls, 500M): § 7.82 (s, 1H), 7.49 (d, J = 8 Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.08-7.20
(m, 2H), 4.44-4.51 (m, 1H), 4.15-4.23 (m, 1H), 3.11-3.21 (m, 1H), 2.96-3.06 (m, 1H), 2.72-2.89
(m, 2H), 2.43 (s, 3H), 2.00-2.08 (m, 1H), 1.81 (td, /= 12.5 Hz and 5.5 Hz, 1H), 1.50 (s, 9H).

[a]® b -11.4 (¢ 0.95, CHCL).

HPLC (Daicel Chiralpak ADH, Hexane : Isopropanol = 4 : 1, Flow rate = 0.7 mL/min, A = 220

nm): tg =10.09 min (minor enantiomer), tg = 12.04 min (major enantiomer).
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Crystal structure for en-3a:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group
Unit cell dimensions

\Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.25
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C25 H25 N2 02
385.47
296(2) K
0.71073 A

Monoclinic, P2(1)
a=8.356(3) A alpha =90 deg.
b =7.930(2) A beta = 103.369(4) deg.
c=15.722(5) A gamma = 90 deg.
1013.6(5) A"3
2, 1.263 Mg/m"3
0.080 mm~-1
410
0.27 x 0.22 x 0.15 mm
2.51 to 25.25 deg.
-8<=h<=10, -9<=k<=9, -18<=I<=12
5268 / 3536 [R(int) = 0.0305]
99.9 %
Semi-empirical from equivalents
0.9880 and 0.9786
Full-matrix least-squares on F/2
3536/1/265
1.046
R1 =0.0480, wR2 =0.1095
R1 =0.0665, wR2 = 0.1222
1.2(18)
0.009(3)
0.271 and -0.164 e.A"-3
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Determination of relative configuration of 3j:

o)
CO,Et H1:4.53 ppm
H~‘ [H, 3JH1H2 = 13 HZ :g : %;‘21 ppm
T 2JH2H3 = 13 HZ - 2.24.ppm
" " HoHg 3Jﬂ§:i —5Hz 4:296ppm
. 6 - . -
3i  NOE 5 H5,6 : 1.4-1.6 ppm
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~10
O ¢ |
8 o -20
o 6
]
o o o ot
35
@ w
40
] o ~45
@ -50
%. -~
CISY 60
65
T T T T T T T
5.0 4.5 4.0 35 3.0 2.5 20 1.5 1.0 ppm
‘ 1 Current Data Paramstsrs
oI o I m aAA ] ppm o =i
- I—r PROCKS 1
} F2 - Roquisitlon Parametars
Data_ 20100121
0 5 T-l_l;h 10.13
—— 0
L ; §
1 i 1.5
| !
{ 20
= A
— - 2.5
-
3 0 ,
2 i ] - 3.0
ﬁ i@ :
] -
+ 3.5 -
J ' ? - Prosessing paranatars
e sT 4c:.1a:éiz_a MHz
1 4.0 \‘Sf:_ c-;n.1 ]
1 8| ? e
El . i I‘Ii § _; 4.5 g - Procassing p::?r:\;:ers
o ] M2 Statas-TPPIL
‘Sfiw JCJ.lijzl{E HHz
5.0 i 000 5
50 45 40 35 30 25 20 15 10 05 ppm = i



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

[ o IO N T = R A=) B e N e R e e Iy B R e B o I o R T I Ty B R R I Ty B R - R e T WHY2-16-2
Wk~ OO R el o & Wy sr vl W) s 0 o S - WD a0 W e a0 oo D) 3 0 - - - a
B e e o e e e S =] mmmmmmmmmu.1.unmwr--r-mmc\]nun 3 O FROTON CDC13
e el S Sl S ol sl sy S 07 0 0 e e e e e T e o e e e e e >

SN\ N NN\ '\I/

........ CRANNEL f1 wamsmams
=T ]

F1 1538
L 200 4
sFo1 =20. 1330888 ME=
F2 - Procassing parseatacs
51 az7e:

i e

e

558

s

[T

e 1.0

'“_ ﬁ'\__J\ b b

B8O 75 70 . 4 : A . : X . A
|
gegRiEe 58 EEes Rk

T T
0.5 0.0 ppm

WXY-2-16-2 Cl3 = woom CEegudmgnag - - . -
C13CPD CDCL13 = 5 = IR N e S E L o® = 58
- - - o - - R Rl B Y = S - =] 1 3 1 . 1
o u - M g £ £ 8 g o o =] o = [l
— - - o o e (-] wn - - [ I

e 38.15
——— 35. 98

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &0 7TO0O 60 50 40 30 20 10 0 ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

600
550
500
450
400
— 350]
5 300]
& 250
200
150
100] ‘
50| ‘

10.755

-27.868

-
——
e

4]
-
=]
=
wn

20 25 30 33
Time(nun)

Results
Peak No. PeakID Ret Time Height Area Cone.

1 10.755 454087625 6554487.000 499125
2 27.868 139026250 6577465.500 50.0873

Total 393113875 13131952.500 100.0000

2004
180
1604
1404
1204
1004

£ He(mw)
[=)
=]
—=28.063

a
o

10,77
)

!

L-‘——\_
o
|

1

|

-.\J.PI_,_ R .

(4]

10 15 20 25 a0
Time(nun)

Results
Peak No. Peak ID Ret Time Height Area Cone.

1 10.770 6769.314 94058.102 38833
2 28.063 51617.672 2328083.000 96.1167

Total 58386.986 2422141102 100.0000
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Auto-Scaled Chrom atogram
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] o
. ©
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0.10—_ | | Q
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0.0G—_ e | — _ / —
E.".L.CII T I5.!]0I o I I15!CIDI I IED!DGI I I25.'00I IE!G!ODI o I35!00I T I:10_00
min
Peak Results
Name | RT Area Height | % Height| % Area
1 9.870 | 4962590 | 261493 78.61 48.52
2 33.551 | 5264667 | T1137 21.39] 5148
0.70
0.604
0.50]
]
0.40+ p
] @
> 4
< 0.304
] [
0.204 |
] o |
o
] o |
0.104 ~ |
: Ill| -.__‘
0.00—:— E— —'JS - — —
IIII-!JIIIIIIIIIII T —T T LS S B
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
min
Peak Results
Name | RT Area Height | % Height | % Area
1 7.826 | 1044936 | 62048 1573 3.39
2 30.761 | 29814616 | 332407 8427 9681
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Chromatogram (WXY246B+-. org)

1,400 .

1,300

1,200

1,100

1,000
900
800
700
600
5001 ‘
4007

300] | \

2007 ‘

100] (1 [\

B (mv)
-41.080

i

-1004
0

5 10 15 20 25 30 35 40 45 50 55
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 14.855 1491209.750 38885500.000 49.9417
2 41.080 440323.031 38976280.000 50.0583

Total 1931532.781 77861780.000 100.0000

Chromatogram (WXY264A_ org)

7504

G50
GO0
5504
5004
450
4004
2504
3004
2504
2004
150
100

50

i, Ho(mwv)

—=-45,132

I B

Q

|

-

!

.
16683
¢

-5

20 25 30 35 40 45 50
Time(numn)

Lr
-
(=]
=y
o

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 16.683 47871.648 1234859.375 3.7885
45132 318240594 31359720.000 96.2115

It

Total 366112.242 32594579.375 100.0000
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Chromatogram (wxy262b+-, org)

1,100
1,000
900
800
700
600

10.290

500

4004
300
2004

—>30.978

100

|
,
Pl
L
|

-1004

")
(=)

5 10 15 20 25 35 40

Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 10.290 491468.375 8622626.000 49.9362
2 30.978 161966.938 8644662.000 50.0638

Total 653435.313 17267288.000 100.0000

Chromatogram (wxv262a. org)

8504

v
=
o
=]
=28 495

[¥%]

)
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—

]
43
=]

120 A

[5a)
2.9
> 9440
/””'

5 10 15 20 25 30 35
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 9.440 22591.154 508269688 2.3991
2 28495 377960.875 20677882.000 97.6009

Total 400552.029 21186151.688 100.0000
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2,200

2,000
1,800
1,600
1,400

600
4004

200

-2001

T 36547

o

/

Peak ID

10 15 20 25
Time(min)
Results

Ret Time Height

30 35 40

Area

45

Conc.

12.517
36.547

1480795.625
490019.094

34284956.000
35872900.000

48.8683
51.1317

Total

‘eak No.

B (mv)

1970814.719

LU UMA LUEL Al VAL ADLA, ULES

70157836.000

100.0000

———13.078

3
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—38.100

Peak ID

10 15 20 25
Time(min)
Results

Ret Time Height
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Area

Conc.

1
2
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213329328
658998313

3629038.250
55018396.000

6.1879
938121

‘otal

872327.641

58647434250

100.0000
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Chromatogram (WNYZ-36b+—. org)
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7004
650
600
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5004
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o
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B R (mv)
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|
504 |
o —H.J/\)— L_ - ! \

6 8 10 12 14 16 18 20 22
Time{min)

250 / '—

19,503

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 11.053 320045.563 5401052.000 51.6935
2 19.503 167341.031 5046762.000 483045

Total 487386.594 10447814.000 100.0000

Chromatogram (WXY2-36a. org)

900]
850]
800
750]
700]
650 12
500] i
550 ‘II
500, /!
450 f
4001 f |
3504 | ||
300] |

2501
200
1501
1004
50]
0—_,—_/"\._)’
[ 10 12 14 16 18 20 22

Time(min)

I (mv)

11.078

-

/:
=
[
-

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 11.078 104756.438 1758797.375 93884
2 19.375 548933.250 16974906.000 90.6116

Total 653689.688 18733703.375 100.0000
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N
N H

"

39
Chromatogram (WiY2-16-1+-.org)
8001
e
700
6501
600
550
500
= 4607
£ 400} 8
& 350} @
3004 |'\
o]
250 o
200} | o
150} | I
1004 | { Hh
50 | \‘ [
0] N SN
2 4 B 8 10 12 14 16 18 20
Time(min)
Results
Peak ID Ret Time Height Area Conc.
9.565 345203 906 5828632.500 50.7954
18263 189737922 2646092 500 49 2046
534941 828 11474725000 100.0000
1.000 Chromatogram (WXY2-34B. org)
950
9004
850 -
800 2
750] ~
700 1
B50] |
500] i
= 550 |
£ s00] | |
— 450
# a00] ‘ ‘
350
3004 \
2504 \
200, o |
150 & |
100} @ (|
5 , \
@ A N
2 4 B 8 10 12 14 16 18 20 22
Time{min)
Results
Peak ID Ret Time Height Area Conc.
9.365 735374.047 1915280.875 77127
17.798 717168.813 22917378.000 92 2873

790742.859 24832658.875 100.0000



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

U S WD S D o TP ol A <HER

L I e el el T Bl el el - B Ty R T o R o N R T o R e s B Ul s ]

<..>mll'.|t"'\G\UJLD\.Dﬂmt\]cju‘\f"'\rx:mr-mmt;d‘\&m()‘J-.llt\jt_'sd‘\\DLn:IO‘\G\W-]'("‘\F‘\NN.Imm(xxcjmkyt)mmr“m!'%ﬁim\‘wﬂ

[ I B B B B I It I T BT Bt I I o I B I B B B e o e B B I I = el e I I e S e N Vo TR e e e = ]

r-r‘-r-r‘-r-r‘-r-l’"r-r"r-r"-- o s R J A e e e e e e e
L

=\

—
=
EE_
E

~
UI
~
(=]
m_
L41]
m_
o
m_
(4]
m_
o
& |
W
'h_
[=]
u_
L41]
u_
o
M_
o
N_
(=]
'g_

1.11
100
1.11 C
1.15
3.02/ |

wwr%\é o pees

10
[

- o — ™y [%] o4 e o
=] w [=] Mo o [ R e w2 [=: %) [x] W -4 -Mmom
L= ! ! pome o @ g8 o 2% 3 5089
2-17— C I @ u oM (TR = e, . . " . . . e o
WUXY 2-17-1 €13 @2 = o R it B = s = a S ores
C13CFD CDC13 - - ~ LR R E e K I K] L (v L ™ P
] |
|| '.I.'Ill | "."
o || I./
NI | |

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10 O ppm



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

N
N H
H

“CO,Et
3h

Chromatogram (WEVZ-19+- org)

950]
300
850]
800
750{
700]
650]
600]
550]
500]
450
400, |
350
300 ‘

12.955

FE R (mv)

32.215

250
2004
150 |
100 |

504 \ [

—

Time(min)

Results
Peak ID Ret Time Height Area Conc.

12.955 680230.563 13009961.000 52.4020
32.215 230055.875 11817257.000 47.5980

910286.438 24827218.000 100.0000

Chromatogram (WEYZ-332. org)

B50]
600
550]
500]
450

_ 400]

Z 3504

E 3004
250
200
1504
1004
50

32.373

—

L ——=-13.030

{
|
|
5

Time(min)

Results
Peak ID Ret Time Height Area Conc.

13.030 88502.839 1798164.500 15.0449
32373 195223328 10153804.000 849551

283726.188 11951968.500 100.0000
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o N
N H
O
3i

Chromatogram (wxv2-27c. org)

1,000
950
900
850
8004
750
700
6504
6004
5504
500
450
400

350 ‘

16.275

B (mv)

3004
250
200 \

——-43.543

150
1004 |

5 10 15 20 25 30 35 40 45
Time(min)

Results
Peak ID Ret Time Height Area Conc.

16.275 583587.938 14128806.000 49.9025
43.543 203547.875 14183990.000 50.0975

787135.813 28312796.000 100.0000

Chromatogram (WXY2-32A. org)

7504
700
650,
600
550,
500
450]

= 4004

= 350]

£ 3004
250]
2004
150]
100{

50|

=>42.912

> 16.320

5 10 15 20 25 30 35 40 45
Time{min)

Results
Peak ID Ret Time Height Area Conc.

16.320 23443834 531187.500 3.0053
42912 247497219 17143704.000 96.9947

270941.053 17674891.500 100.0000
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3
Chromatogram (WiT232A+ .org)
110]
1004
S04
804
704
o
601 =]
‘: w
£ 50 ‘1_
= 404 ~
30] 2
[5F]
201 "h'ﬁ
10/ }! A
o I J\\.M"’ LA _ JAAN
-1
-20
10 15 20 25 30 35 40 45
Time(min)
Results
Peak ID Ret Time Height Area Conc.
16.008 48183.598 1219790.000 49.0305
36.077 21746.527 1268027250 50.9695
69930.125 2487817.250 100.0000
Chromatogram (WXY2324. org)
4504
4004
350
300
g 250] .
& 200] q
i
1504 I"l
100} |I \.
3 I
B p '|
0 e JIII‘- _u'A‘L.-_- _j II\._
5 10 15 20 25 30 35 40
Time(min)
Results
Peak ID Ret Time Height Area Conc.
16.303 15853293 376273813 3.6692
35878 176466.641 0878745.000 963308
192319934 10255018 .813 100.0000
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—————11.880

/'}35_2?5

= A yi

1 I

5 10 15 20 25 30 35 40
Time{min)

Results
Peak ID Ret Time Height Area Conc.

11.880 349567.094 3976516.000 498360
35275 00973.883 6015850.500 50.1640

440540.977 11992366.500 100.0000

Chromatogram (wxv2-32b new. org)

500
450
4004
3504
3004
é 2501
E 200
1504

—>-38.738

1004 i

o

53]
=
12,662

15 20 25 30 35 40
Time(min)

Results
Peak ID Ret Time Height Area Conc.

12.662 14737358 319092.406 3.0196
38.738 134027313 10248239.000 96.9804

148764.671 10567331.406 100.0000
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Br N
N H

.

3l

20 Chromatogram (WXY252b+-. org)
2801
260
240
220
200
1804
= 160,
= 140]
120 "
wr
1004 2
80 ‘n_ ©
o
50 ’I e
a0 Py
|_ A
20 | |~ {
™ S LN AV Y . . / \\ . |
2
5 10 15 20 25 30 35
Time(min)
Results
Peak ID Ret Time Height Area Conc.
12.065 82431.680 2081647.375 49 9454
27.798 41552.148 2086199.750 50.0546
123983.828 4167847.125 100.0000
Chromatogram (WXY2Z3Z. orgl
450
400
250
300
£ 250 “
£ 200 P
A
150 II
100 Il
& I'
50 % ,| l".
M AN AN J \k_
G 10 15 20 25 30 35
Time(nun)
Results
Peak ID Eet Time Height Area Conc.
11.890 17737.182 399702.188 40456
27.295 185627391 0480238.000 059544
203364572 Q879940188 100.0000
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Chromatogram (wxy 2-40b+-. org)

500}
450)]
400/
350}

_ 300

= 250]

£ 200}
150
100]

50]

—>-40 457

JAN

Peak ID

15 20 25 30
Time{min)
Results

Ret Time Height

40 45

Area

50

Conc.

12.590
40.437

234035969
68382.773

4313317.000
4387030.500

49 5764
50.4236

302418.742

Chromatogram (WIYZ66A. org)

8700347500

100.0000

!

=12.238

=

39.825

-

Peak ID

10

15 20 25 30
Time{min)
Results

Ret Time Height

35 40

Area

Conc.

33515.270
229514.078

721684.188
17440088.000

3.9736
96.0264

265029.348

18161772188

100.0000
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N H /0
@{

= Chromatogram (WY233+— argl
450
400
350 ﬁ*:
200} a
E a5n) n
- )
o 200 | o
150 ‘ :IEI‘
|
1004 | |
| | |
50 | | | l'.
i |
o T P P _..l_ I'L.— — P .-I I'k_
0 Z B ] o iz 1& 16 18 20 =22 24 28
Time(min)
Results
Peal: ID Eet Time Height Area Conc.
9920 295421375 5842029 300 S0.7882
2528 152728734 STATE05. 500 452118
445150109 11699635000 100.0000
A00 Chromatorram (WEVZGTE. orel
fatali]
500
450
200
350 =]
£ 300 7
& 250 [l
" 200} |
150 ||
100] . ||
s |
50) g | .H
o .\_,ésﬂ_\_,_\_,’\—ﬂ_‘ll . \_‘__'—
-6
2 i ! Q 12 14 16 18 20 22 24 26 28
Time(min)
Eesults
Peal ID Eet Time Height Area Conc.
10218 9253.499 146482 844 12600
21800 ITEILE 563 114758465 000 937400
287642062 11625951844 1000000
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Chromatogram (WXY 2-42B+-, org)

950
9004
850
8004
750
700
6501
6004
550
500
4504
4004
3504
3004
2504
2004
150
1004

50

B e mv )

_,—._,-.__,*-—-._u'l_ II&.—" S F

Peak ID

6

Ret Time

&

10 12
Time{min)

Results
Height

16 18

Area

20

Conc.

9135
13.345

593530.688
644479.000

13087335.000
14192422.000

47.9745
52.0255

1238009.688

Chromatogram (WXYZ66B T. org)

27279757.000

100.0000

750
7004
6504
600
5504
5004
450
400
3504
3004
2504
2004
150
1004

B He(mv)

—12.875

Peak ID

Ret Time

10 12
Time{min)

Results
Height

Area

20

Conc.

8918
12.875

8485.617
470855250

185728391
10955171.000

1.6671
98.3329

479340 Ra7

11140R99 391

100 0000
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Chromatogram (WXY244b+-, org)

1,100
1,000
9004
800
7004
600
5004
400
3004
200
1004

9.817

B (mv)

54,408

=)
L

S

0 10 20 30 40 50 60 70
Time(min)

Results
Peak ID Ret Time Height Area Conc.

9817 997086.750 18544504.000 495718
64.408 156493313 18864882.000 50.4282

1153580.063 37409386.000 100.0000

Chromatogram (WXYZ26TA new. org)

3204
300
280
2604
240
220
200
1804
1604
1409
1204
1004

L (mv)

=61.160

=]
I
Ié:- 9.763
|
—

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time(min)

Results
Peak ID Ret Time Height Area Conc.

9.763 21432.580 481845.375 3.1625
61.160 132374922 14754438.000 96.8375

153807.502 15236283.375 100.0000
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Chromatogram (WXY269B+-. org)

) (]
vl o
] &
S o
[ [
it |||
| !
(.
|_ 1
! \ |
| |
N A \
f \,\ I |
0 _ ~L L
-501
-1004
2 4 6 8 10 12 14 16 13
Time(min)
Results
Peak ID Ret Time Height Area Conc.
10.333 372825344 8012541.500 48.1830
12.303 375958.688 8616841.000 51.8170
748784.031 16629382.500 100.0000
Chromatogram (WXY2694. org)
1,400
1,300
1,200
©Q
1,100 3
o™
1,000 'll-
900 |
= 800 ‘|
= 700 |
©  600]
500 “
400 ‘ |
3009 % |
200/ = |
100] R [
0 .—_F/;\)“L__.'ll I'\,_.l k
0 2 4 6 8 10 12 14 16 18 20 22
Time{min)
Results
Peak ID Ret Time Height Area Conc.
10.097 115813.563 2228290.000 98723
12.038 979336.313 20342834.000 90.1277

1095151.875 22571124.000 100.0000
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