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1. General methods

NMR spectra were recorded with tetramethylsilane as the internal standard. Column chromatography was
performed using silica gel (200-300 mesh) eluting with ethyl acetate and petroleum ether. Optical rotations were
measured at 589 nm at 20 °C. TLC was performed on glass-backed silica plates. Enantiomeric excess was determined
by HPLC analysis on Chiralpak or Chiralcel OD, AD or IC columns. Commercial grade solvents were dried and
purified by standard procedures as specified in Purification of Laboratory Chemicals, 4th Ed (Armarego, W. L. F.;
Perrin, D. D. Butterworth Heinemann: 1997). The chiral thiourea or urea catalysts were prepared according to the
literature procedures.
[1] a) B.-J. Li, L. Jiang, M. Liu, Y.-C. Chen, L.-S. Ding, Y. Wu, Synlett 2005, 603; b) Y. Zhang, Y.-K. Liu, T.-R.
Kang, Z.-K. Hu, Y.-C. Chen, J. Am. Chem. Soc. 2008, 130, 2456; c) M. S. Taylor, E. N. Jacobsen, J. Am. Chem. Soc.
2004, 126, 10558.

2. General procedure for the one pot, three-component Michael addition

To a stirred mixture of aldehyde 6 (0.1 mmol) and 4 A MS (80 mg) in toluene (0.8 mL) was added diethyl
a-aminomalonate 7 (18.0 mg, 0.1 mmol,) at 0 °C. The mixture was stirred for 2 h and then nitroalkenes 3 (0.12 mmol)
and catalyst 1b (4.0 mg, 0.01 mmol) were added. After the stated reaction time, product 4 was isolated by FC on silica

gel eluted with EtOAc/petroleum ether. The enantiomeric excess was determined by HPLC analysis on chiral column.

4a 93% yield; R¢= 0.5 (petroleum ether/EtOAc = 8:1); [a]p? = +199.0 (c = 0.99 in CHCl,);

O;N 96% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0

@N %OO%E; mL/min, A = 254 nm, t (minor) = 5.51 min, t (major) = 8.45 min]; '"H NMR (400 MHz, CDCl;):

5 = 8.65 (s, 1H), 7.87-7.85 (m, 2H), 7.54-7.47 (m, 3H), 7.41-7.39 (m, 2H), 7.26-7.23 (m, 3H),

5.33 (dd, J=13.6, 3.6 Hz, 1H), 5.16 (dd, J = 13.2, 10.4 Hz, 1H), 4.58 (dd, J = 10.4, 3.6 Hz, 1H), 4.36-4.22 (m, 2H),

4.06-3.81 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H), 1.10 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz, CDCl;): & = 168.1,

167.3, 166.7, 131.9, 129.5, 129.2, 128.8, 128.6, 128.3, 128.2, 127.1, 78.7, 77.2, 62.7, 62.0, 48.8, 13.9, 13.7 ppm;
ESI-HRMS: calcd. for C5,HuN>Og+H 413.1713, found 413.1709.

c 4b 87% yield; Ri= 0.5 (petroleum ether/EtOAc = 8:1); [a]p™’= +116.7 (c = 1.83 in CHCl;); 98%
ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A
©/\\N CC%%EEtt =254 nm, t (minor) = 5.60 min, t (major) = 10.60 min]; "H NMR (400 MHz, CDCl;): § = 8.64 (s,
1H), 7.86-7.83 (m, 2H), 7.58-7.48 (m, 2H), 7.43-7.21 (m, 5H), 5.31 (dd, J = 13.6, 3.6 Hz, 1H),
5.10 (dd, J=13.2, 10.4 Hz, 1H), 4.56 (dd, J=10.4, 3.6 Hz, 1H), 4.38-4.22 (m, 2H), 4.09-4.00 (m, 1H), 3.97-3.87 (m,
1H), 1.29 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): 8 = 168.5, 167.1, 166.5, 135.8,
134.7, 134.3, 132.1, 130.8, 128.81, 128.77, 128.6, 78.5, 77.0, 62.9, 62.2, 48.2, 13.9, 13.8 ppm; ESI-HRMS: calcd. for
CyHpCIN,OgtNa 469.1142, found 469.1144.

O,N

“ 4c¢ 93% yield; Ry= 0.6 (petroleum ether/EtOAc = 8:1); [o]p”’= +95.5 (¢ = 0.61 in CHCl;); 98% ee,

ON determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =

COOEt

©/\\N coogt 254 nm, t (minor) = 5.87 min, t (major) = 8.89 min]; '"H NMR (400 MHz, CDCl): & = 8.63 (s, 1H),
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7.87-7.83 (m, 2H), 7.56-7.48 (m, 3H), 7.41-7.29 (m, 3H), 7.24-7.17 (m, 1H), 5.30 (dd, J = 13.6, 3.6 Hz, 1H), 5.11 (dd,
J =132, 10.4 Hz, 1H), 4.55 (dd, J = 10.4, 3.6 Hz, 1H), 4.36-4.22 (m, 2H), 4.07-3.91 (m, 2H), 1.29 (t, J = 7.2 Hz,
3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz, CDCLy): & = 168.4, 167.1, 166.5, 138.3, 135.8, 134.0, 132.1,
130.1, 129.7, 128.9, 128.8, 128.5, 127.4, 78.3, 77.0, 62.9, 62.3, 48.4, 13.9, 13.8 ppm; ESI-HRMS: calcd. for
CoH;CIN,O6+Na 469.1142, found 469.1145.

4d 80% yield; R¢= 0.5 (petroleum ether/EtOAc = 8:1); [a]p?’= +110.2 (¢ = 1.80 in CHCLy);

OZNCI 94% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0

o WCOCEt  mL/min, A = 254 nm, t (minor) = 5.90 min, t (major) = 8.75 min]; 'H NMR (400 MHz, CDCl;):

©/\N cO0H & = 8.62 (s, 1H), 7.87-7.84 (m, 2H), 7.71-7.69 (m, 1H), 7.54-7.48 (m, 3H), 7.35-7.32 (m,

1H),7.20-7.15 (m, 2H), 5.35 (dd, J =22.8, 3.6 Hz, 2H), 5.13 (dd, J = 11.6, 2.8 Hz, 1H), 4.37-4.25 (m, 2H), 4.12-4.04

(m, 1H), 3.94-3.86 (m, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz, CDCl,): & =

168.3, 167.1, 166.6, 135.8, 135.3, 134.6, 132.0, 129.6, 129.5, 129.2, 128.8, 127.2, 78.7, 77.1, 62.9, 62.3, 43.2, 13.9,
13.6 ppm; ESI-HRMS: calcd. for Cy,Hp;CIN,Og+Na 469.1142, found 469.1133.

4e 84% vyield; Ri= 0.6 (petroleum ether/EtOAc = 8:1); [a]p>’ = +89.8 (¢ = 6.40 in CHCLy); 96% ee,
determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =

cooet 254 nm, t (minor) = 5.97 min, t (major) = 11.71 min]; '"H NMR (400 MHz, CDCl;): § = 8.63 (s,
@A\N OO 1H), 7.85-7.83 (m, 2H), 7.56-7.48 (m, 3H), 7.39-7.37 (m, 2H), 7.31-7.29 (m, 2H), 5.30 (dd, J =
13.6, 3.6 Hz, 1H), 5.10 (dd, J = 13.6, 10.4 Hz, 1H), 4.54 (dd, J = 10.4, 3.6 Hz, 1H), 4.36-4.22 (m, 2H), 4.09-4.01 (m,
1H), 3.97-3.89 (m, 1H), 1.29 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; *C NMR (75 MHz, CDCLy): § = 168.5,
167.1, 166.5, 135.8, 135.2, 132.1, 131.6, 131.2, 128.82, 128.7, 122.5, 78.4, 77.0, 62.9, 62.2, 48.2, 13.9, 13.8 ppm;
ESI-HRMS: calcd. for C5,H»;BrN,Og+Na 513.0637, found 513.0632.

O,N

4f 83% vyield; Ri= 0.6 (petroleum ether/EtOAc = 8:1); [a]p>"= +57.1 (¢ = 0.61 in CHCLy); 98% ee,
determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =
cooet 254 nm, t (minor) = 5.29 min, t (major) = 8.92 min]; "H NMR (400 MHz, CDCl;): & = 8.64 (s, 1H),
@A\N COOFL 786-7.8-7. 4 (m, 2H), 7.5648 (m, 3H), 7.42-7.38 (m, 2H), 6.97-6.92 (m, 2H), 5.31 (dd, J = 13.6,
3.6 Hz, 1H), 5.10 (dd, J = 13.2, 10.4 Hz, 1H), 4.57 (dd, J = 10.4, 3.2 Hz, 1H), 4.37-4.22 (m, 2H), 4.08-4.00 (m, 1H),
3.96-3.88 (m, 1H), 1.29 (t, J = 7.2 Hz, 3H), 1.12 (t, J = 7.2 Hz, 3H) ppm; *C NMR (75 MHz, CDCl;): & = 168.4,
167.2, 166.6, 164.2, 160.9, 135.8, 132.1, 131.3, 131.1, 128.82, 128.77, 127.0, 115.5, 115.2, 78.7, 77.0, 62.8, 62.2, 48.1,
13.9, 13.8 ppm; ESI-HRMS: calcd. for C,,H,3FN,Og+Na 453.1438, found 453.1432.

F

O,N

49 95% vyield; Ri= 0.5 (petroleum ether/EtOAc = 8:1); [a]p™’= +124.4 (¢ = 1.39 in CHCl);
96% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0

O:N mL/min, A = 254 nm, t (minor) = 5.13 min, t (major) = 7.10 min]; 'H NMR (400 MHz, CDCl,):
©AN %%%Eét 8 =8.64 (s, 1H), 7.87-7.84 (m, 2H), 7.55-7.44 (m, 3H), 7.28-7.26 (m, 3H), 7.04 (d, J = 8.0 Hz,

2H), 5.31 (dd, J =13.6, 3.6 Hz, 1H), 5.13 (dd, J = 13.6, 10.4 Hz, 1H), 4.54 (dd, J =10.4, 3.6 Hz,

CH3
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1H), 4.36-4.21 (m, 2H), 4.08-3.87 (m, 2H), 2.26 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; °C
NMR (75 MHz, CDCly): 6 = 168.0, 167.4, 166.7, 137.9, 136.0, 133.0, 131.9, 129.3, 129.1, 128.8, 78.7, 77.3, 62.6,
62.0, 48.5,21.0, 13.9, 13.8 ppm; ESI-HRMS: calcd. for C;3HpsN,O+Na 449.1689, found 449.1683.

4h 83% yield; Ry= 0.4 (petroleum ether/EtOAc = 8:1); [a]p™ = +130.1 (¢ = 1.43 in CHCL); 95%
ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A
COOEt =254 nm, t (minor) = 7.00 min, t (major) = 10.13 min]; '"H NMR (400 MHz, CDCl): & = 8.64 (s,
@A\ N7 CO0FC 1), 7.87-7.84 (m, 2H), 7.53-7.48 (m, 3H), 7.33-7.31 (m, 2H), 6.78-6.76 (m, 2H), 5.29 (dd, J
=13.2,3.6 Hz, 1H), 5.11 (dd, J = 12.8, 10.4 Hz, 1H), 4.53 (dd, J = 10.4, 3.6 Hz, 1H), 4.36-4.21 (m, 2H), 4.08-3.88 (m,
2H), 3.74 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz, CDCL): 5 = 168.1, 167.4,
166.7, 159.3, 135.9, 131.9, 130.5, 128.7, 127.9, 113.7, 78.8, 77.2, 62.7, 62.0, 55.0, 48.1, 13.9, 13.8 ppm; ESI-HRMS:
caled. for Co3Hy6N,0,+Na 465.1638, found 465.1632.

OCH;

O,N

N 4i 90% yield; Ry= 0.6 (petroleum ether/EtOAc = 8:1); [a]p™’= +93.86 (¢ = 0.23 in CHCLy);

O,N \ S 96% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0

\N %%%EEtt mL/min, A = 254 nm, t (minor) = 6.03 min, t (major) = 9.85 min]; 'H NMR (400 MHz, CDCls):

©/\ 8=28.70 (s, IH), 7. 89 (d, J = 6.8 Hz, 2H), 7.55-7.48 (m, 3H), 7.20 (d, J = 5.2 Hz, 1H), 7.02 (d,

J=3.6 Hz, 1H), 6.89-6.87 (m, 1H), 5.27 (dd, J = 12.8, 3.2 Hz, 1H), 5.07-4.95 (m, 2H), 4.36-4.25 (m, 2H), 4.14-4.03

(m, 2H), 1.31 (t, J = 7.2 Hz, 3H), 1.17 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz, CDCl;): § = 168.7, 167.0, 166.4,

137.6, 135.8, 132.0, 128.9, 128.7, 128.3, 126.6, 126.0, 79.3, 76.8, 62.8, 62.3, 45.3, 13.9, 13.8 ppm; ESI-HRMS: calcd.
for C,0H2,N>,OgS+Na 441.1096, found 441.1092.

N 4j 89% vyield; Ri= 0.5 (petroleum ether/EtOAc = 8:1); [a]p>"= +99.7 (¢ = 0.65 in CHCl5); 98%

O2N ) 0 ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,
@AN CC%%E; A =254 nm, t (minor) = 5.77 min, t (major) = 8.22 min]; '"H NMR (400 MHz, CDCl;): 3 = 8.52
(s, 1H), 7.80-7.78 (m, 2H), 7.51-7.43 (m, 3H), 7.31-7.30 (m, 1H), 6.32 (d, J = 3.6 Hz, 1H),

6.27 (m, 1H), 5.18 (dd, J = 13.6, 3.6 Hz, 1H), 5.07 (dd, J = 13.6, 10.0 Hz, 1H), 4.81 (dd, J = 10.0, 3.6 Hz, 1H),
4.32-4.18 (m, 2H), 4.17-4.09 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H) ppm; °C NMR (75 MHz,
CDCly): 6 = 167.5, 167.1, 166.7, 149.7, 142.3, 135.8, 131.9, 128.8, 128.7, 110.6, 109.5, 76.6, 76.0, 62.7, 62.3, 43.5,

13.9, 13.8 ppm; ESI-HRMS: calcd. for C,0H,N,O,+Na 425.1325, found 425.1319.

4k 56% yield; Ry= 0.4 (petroleum ether/EtOAc = 8:1); [a]p™"= +27.4 (¢ = 1.00 in CHCl); 97%

O,N ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,

N C&O;t A =254 nm, t (minor) = 5.61 min, t (major) = 6.66 min]; 'H NMR (400 MHz, CDCl;): § = 8.49

@A (s, 1H), 7.77-7.74 (m, 2H), 7.50-7.41 (m, 3H), 4.92 (dd, J = 14.4, 4.8 Hz, 1H), 4.42 (dd, J =

14.4, 5.6 Hz, 1H), 4.31-4.23 (m, 4H), 3.43-3.37 (m, 1H), 1.63-1.54 (m, 2H), 1.52-1.35 (m, 2H), 1.33-1.22 (m, 6H), (t,

J=7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCLy): 8 = 167.9, 166.5, 135.8, 131.8, 128.8, 128.7, 78.2, 77.0, 62.4, 62.2,
43.0,32.4,20.4, 14.0, 13.9 ppm; ESI-HRMS: calcd. for CjoH,eN,O¢+Na 401.1689, found 401.1683.
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41 60% yield; Ry= 0.7 (petroleum ether/EtOAc = 8:1); [a]p>’ = +28.0 (¢ = 1.15 in CHCl;); 98%

OZN% ot ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,
@N COOEt A =254 nm, t (minor) = 4.76 min, t (major) = 5.42 min]; 'H NMR (400 MHz, CDCl;): § = 8.55
(s, 1H), 7.76-7.75 (m, 2H), 7.50-7.42 (m, 3H), 4.90 (dd, J = 15.2, 4.0 Hz, 1H), 4.54 (dd, J =

15.2, 5.6 Hz, 1H), 4.36-4.18 (m, 4H), 3.55-3.52 (m, 1H), 1.32 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.05 (d, J =
7.2 Hz, 3H), 0.91 (d, J = 7.2 Hz, 3H) ppm; *C NMR (50 MHz, CDCl;): & = 168.1, 167.9, 166.6, 136.0, 131.7, 128.7,
78.3, 73.5, 62.5, 62.1, 46.7, 28.9, 22.5, 17.5, 14.0, 13.8 ppm; ESI-HRMS: calcd. for C;9H,6N,O4+H 379.1869, found

379.1760.

4m 48% yield; Ry= 0.6 (petroleum ether/EtOAc = 8:1); [a]p™ = +27.9 (¢ = 1.36 in CHCl;); 98%

O,N ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,

N C&OOE; A =254 nm, t (minor) = 4.54 min, t (major) = 4.95 min]; '"H NMR (400 MHz, CDCl;): 5 = 8.53

@A (s, 1H), 7.76-7.73 (m, 2H), 7.50-7.42 (m, 3H), 4.88 (dd, J = 14.8, 4.0 Hz, 1H), 4.61 (dd, J =

14.8, 6.0 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H), 4.26-4.18 (m, 2H), 349-3.46 (m, 1H), 1.78-1.58 (m, 10 H), 1.34-1.24 (m,

6H) ppm; *C NMR (50 MHz, CDCLy): & = 168.1, 166.3, 136.0, 131.7, 128.7, 78.3, 74.3, 62.4, 62.1, 47.2, 39.6, 32.7,
28.1,27.0, 26.5, 26.1, 14.0, 13.8 ppm; ESI-HRMS: calcd. for C5,H3oN,0+H 419.2182, found 419.2183.

4n 93% yield; Ry= 0.5 (petroleum ether/EtOAc = 8:1); [a]p™’ = +153.1 (¢ = 1.38 in CHCl,);
O:N 96% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0
Q/\\N . mL/min, A = 254 nm, t (minor) = 6.71 min, t (major) = 11.87 min]; 'H NMR (400 MHz,
. CDCls): & = 8.61 (s, 1H), 7.88-7.84 (m, 2H), 7.39-7.37 (m, 2H), 7.26-7.22 (m, 3H), 7.20-7.16
(m, 2H), 5.31 (dd, J =13.2, 3.6 Hz, 1H), 5.13 (dd, J = 13.2, 10.4 Hz, 1H), 4.58 (dd, J = 13.2, 10.4 Hz, 1H), 4.36-4.22
(m, 2H), 4.06-3.86 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H), 1.11 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCl;): & =
167.6,167.3,166.8, 162.6,136.1, 132.3, 130.9, 130.7, 129.4, 128.4, 128.3, 116.2, 115.8, 78.6, 62.8, 62.1, 48.7, 13.9,
13.8 ppm; ESI-HRMS: calcd. for C»,Hp;3FN,Og+H 431.1618, found 431.1606.

40 86% yield; R¢= 0.5 (petroleum ether/EtOAc = 8:1); [a]p™" = +168.6 (¢ = 1.15 in CHCLy);

97% ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0
« OBt mL/min, A = 254 nm, t (minor) = 6.69 min, t (major) = 8.87 min]; "H NMR (400 MHz,
/©/\N cooH! CDCl3): 8 = 8.60 (s, 1H), 7.75 (d, J = 7.6 Hz, 2H), 7.41-7.39 (m, 2H), 7.32-7.16 (m, 5H),
532 (dd, J=13.2,3.2 Hz, 1H), 5.15 (dd, J =13.2, 10.4 Hz, 1H), 4.56 (dd, J = 10.4, 3.6 Hz, 1H), 4.33-4.22 (m, 2H),
4.03- 3.96 (m, 1H), 3.91- 3.87 (m, 1H), 2.44 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H), 1.10 (t, J = 7.2 Hz, 3H) ppm; *C NMR
(50 MHz, CDCL): 6 = 167.9, 167.5, 166.8, 142.5, 136.2, 133.5, 129.5, 128.8, 128.3, 128.2, 127.0, 78.8, 62.6, 62.0,
48.8,30.0, 21.6, 13.9, 13.8 ppm; ESI-HRMS: calcd. for C,3H6N,O6+H 427.1869, found 427.1856.

O,N
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Transformations of the Michael addition product 4a

Ph
O,N Ph HO-NH _ Ph x
* 0 p-TsCI/TEA/DMAP COOEt
\\_Sfooa (Boc),0/H,/10% Pd/C COOEL N "< co0E:
Ph™X\~ ~COOEt EtOAc, 1t Boc~\ < ~COOEt DCM 1
H
4a 96% ee 8 95% ee
p-TSO-NH _ Ph /9 95% ee
COOEt
Boc~\~ ~COOEt
H

To a solution of compound 4a (98 mg, 0.24 mmol) and (Boc),0 (63 mg, 0.29 mmol) in ethyl acetate (3 mL) was
added 10% Pd/C (10 mg, 10%). The resulting suspension was hydrogenated at atmospheres for 12 h. The catalyst was
filtered, washed with ethyl acetate (5 mL) and the filtrate was concentrated. Flash chromatography of the residue on
silica gel with EtOAc/petroleum ether (1:10) as eluents yielded compound 8 (86 mg, 89%) as a colorless oil. The
hydroxylamine structure was obtained and could not be easily converted to the corresponding amine compound.
[a]p?’=+86.0 (¢ = 1.12 in CHCl;); 95% ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH =
85/15, 1.0 mL/min, A = 254 nm, t (major) = 12.14 min, t (minor) = 14.54 min]; '"H NMR (400 MHz, CDCl;): & =
7.44-7.42 (m, 2H), 7.30-7.22 (m, 3H), 4.28 (dd, J = 14.4, 8.8 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 4.10 (dd, J = 8.8, 5.2
Hz, 1H), 4.03-3.93 (m, 2H), 3.66 (dd, J = 14.8, 5.6 Hz, 1H), 31.43 (s, 9H ), 1.26 (t, J = 7.2 Hz, 3H), 1.08 (t, J=7.2 Hz,
3H) ppm; °C NMR (50 MHz, CDCl3): 8 = 171.4, 169.5, 155.6, 137.1, 129.6, 128.3, 127.8, 81.5, 68.5, 62.8, 62.4, 51.5,
47.8,29.7,28.2, 13.9, 13.8 ppm; ESI-HRMS: calcd. for C,0H3oN,O,+H 411.2131, found 411.2183.

To a solution of compound 8 (72 mg, 0.18 mmol) in DCM was added TEA (50 pL, 0.36 mmol), DMAP (3 mg,
0.018 mmol) and TsCl (41 mg, 0.22 mmol) at rt. 2 h later the solution was refluxed for 24 h. The solution was washed
with H,O, dried over Na,SQOy,, and concentrated under reduced pressure to leave a residue which was purified by flash
chromatography on silica gel (EtOAc/petroleum ether = 1/10) to yield compound 9 (64 mg, 90%) as a colorless oil
(The similar amination reactions have been well studied).”! [a]p**= +79.8 (¢ = 0.93 in CHCI;); 95% ee, determined
by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 85/15, 1.0 mL/min, A = 254 nm, t (minor) = 19.61 min, t
(major) = 31.74 min]; 'H NMR (400 MHz, CDCl;): 7.33-7.30 (m, 3H), 7.29-7.19 (m, 2H), 4.40 (dd, J = 7.6, 4.8 Hz,
1H), 4.33-4.22 (m, 3H), 3.88 (m, 1H), 3.67-3.59 (m, 2H), 1.49 (s, 9H), 1.29 (t, J = 7.2 Hz, 3H), 0.88 (t, J = 7.2 Hz,
3H) ppm; *C NMR (50 MHz, CDCl3): & = 168.8, 166.3, 155.7, 137.5, 128.4, 128.1, 127.7, 80.8, 62.3, 62.0, 53.9, 51.0,
29.6, 28.2, 13.8, 13.4 ppm; ESI-HRMS: calcd. for C,H,sN,0¢+Na 415.1845, found 415.1847.

[2] For a spotlight, see: E. Bodio, Synlett 2008, 1744.
Since we have not been able to obtain some crystals suitable for X-ray analysis from the Michael addition products
or their derivatives to determine their absolute configuration despite a great deal of efforts, we proposed a plausible

catalytic mechanism based on the concerted activation mode by Takemoto et al.”! As illustrated in the following

scheme, the chiral Michael adduct 4a with R-configuration might be obtained.
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[3] T. Okino, Y. Hoashi, T. Furukawa, X. Xu, Y. Takemoto, J. Am. Chem. Soc. 2005, 127, 119.

3. General procedure for the one pot, three-component [3 + 2] cycloaddition

To a stirred mixture of aldehyde 6 (0.1 mmol) and 4 A MS (80 mg) in MTBE (0.8 mL) was added diethyl
a-aminomalonate 7 (18 mg, 0.1 mmol) at 0 °C. The mixture was stirred for 2 h and cooled to —20°C. Then nitroalkene
3 (0.12 mmol) and catalyst 1l (12.4 mg, 0.02 mmol) were added. After 72 h, product 5 was isolated by FC on silica

gel eluted with EtOAc/petroleum ether. The enantiomeric excess was determined by HPLC analysis on chiral column.

5b 73% yield; Ri= 0.4 (petroleum ether/EtOAc = 8:1); [a]p>"= +96.1 (¢ = 0.81 in CHCl5); 90%

O,N. ee, determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,

. COOEt ) =254 nm, t (major) = 9.31 min, t (minor) = 12.28 min]; '"H NMR (300 MHz, CDCl;): § =

@U N cooH! 7.43-7.29 (m, 10H), 5.63-5.49 (m, 2H), 5.15 (d, J = 8.8 Hz, 1H), 4.43-4.25 (m, 2H), 3.94-3.84

(m, 1H), 3.59-3.48 (m, 1H), 3.24 (d, J = 6.6 Hz, 1H), 1.30 (t, J = 9.5 Hz, 3H), 0.79 (t, J = 9.5 Hz, 3H) ppm; ’C NMR

(50 MHz, CDCl5): 6 =171.0, 168.5, 136.6, 135.1, 128.7, 128.6, 128.4, 128.2, 127.1, 93.7, 76.0, 64.6, 62.1, 62.0, 52.0,
13.9, 13.3 ppm; ESI-HRMS: calcd. for C,,H,4N,OgtH 413.1713, found 413.17009.

5¢ 79% yield; R¢= 0.6 (petroleum ether/EtOAc = 8:1); [a]p™’ = +28.3 (¢ = 0.76 in CHCl;); 89% ee,
determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A =
coogt 254 nm, t (major) = 9.99 min, t (minor) = 14.37 min]; 'H NMR (400 MHz, CDCl5): & = 7.41-7.28
@ NT COOFtm, 9H), 5.59 (t, J = 8.0 Hz, 1H), 5.49 (dd, J = 8.4, 5.6 Hz, 1H), 5.10 (d, J = 7.6 Hz, 1H),
4.42-4.25 (m, 2H), 4.00-3.92 (m, 1H), 3.67-3.59 (m, 1H), 3.23 (d, J = 5.6 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H), 0.87 (t, J
= 7.2 Hz, 3H) ppm; *C NMR (50 MHz, CDCly): & = 171.0, 168.4, 136.6, 134.3, 133.4, 130.0, 128.9, 128.8, 128.5,
127.2, 93.1, 75.7, 64.1, 62.3, 62.2, 51.2, 14.0, 13.4 ppm; ESI-HRMS: calcd. for C,,H,;CIN,Og+Na 447.1323, found
447.1315.

Cl

ON,

al 5d 79% yield; Ry= 0.5 (petroleum ether/EtOAc = 8:1); [a]p™" = +30.0 (¢ = 0.76 in CHCl;); 90% ee,

o determined by HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A =
[\e00Et 254 nm, t (major) = 8.69 min, t (minor) = 12.23 min]; 'H NMR (400 MHz, CDCly): § = 7.42-7.25
@ N (m, 9H), 5.59 (t, J = 8.0 Hz, 1 H), 5.50 (dd, J = 8.0, 5.6 Hz, 1H), 5.10 (d, J = 7.6 Hz, 1H),

4.42-4.26 (m, 2H), 4.00-3.92 (m, 1H), 3.71-3.63 (m, 1H), 3.23 (d, J = 5.2 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H), 0.87 (t, J
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= 7.2 Hz, 3H) ppm; BC NMR (50 MHz, CDCl3): & = 170.9, 168.3, 136.9, 136.5, 134.5, 129.9, 128.9, 128.8, 128.5,
127.2, 126.9, 93.1, 75.7, 64.2, 62.3, 62.2, 51.4, 14.0, 13.4 ppm; ESI-HRMS: calcd. for C,,Hy;CIN,OstH 447.1323,
found 447.1315.

5e 69% yield; Ry= 0.5 (petroleum ether/EtOAc = 8:1); [o]p>" = +16.8 (¢ = 0.84 in CHCL3); 84%
ON, ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min,
©\\-- N %%%Eét A =254 nm, t (major) = 20.09 min, t (minor) = 27.96 min]; "H NMR (400 MHz, CDCl;): § =
H 7.46-7.32 (m, 7H), 7.27-7.25 (m, 2H), 5.71 (d, J = 4.8 Hz, 1H), 5.55 (dd, J = 7.2, 4.8 Hz, 1H),

5.46 (dd, J=7.2, 4.8 Hz, 1H), 4.39-4.28 (m, 2H), 4.02-3.94 (m, H), 3.75-3.67 (m, 1H), 3.34 (d, J = 4.8 Hz, 1H), 1.29
(t, J=7.2 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCl;): § = 170.4, 168.1, 135.9, 135.3, 133.9,
130.2,129.4, 129.0, 128.5, 127.1, 95.1, 75.9, 65.6, 62.4, 62.2, 50.0, 14.0, 13.3 ppm; ESI-HRMS: calcd. for

C22H23C1N206+H 447. 1323, found 447.1310.

F 5f 73% yield; Ri= 0.4 (petroleum ether/EtOAc = 8:1); [a]p’= +38.2 (¢ = 1.44 in CHCLy); 86% e,

determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A =

@ ) %%%Eét 220 nm, t (major) = 7.11 min, t (minor) = 9.76 min]; 'H NMR (400 MHz, CDCl;): & = 7.42-7.31

H (m, 7H), 7.06-7.00 (m, 2H), 5.59 (t, J = 7.6 Hz, 1H), 5.49 (dd, J = 8.0, 5.2 Hz, 1H), 5.11 (d, J =

7.6 Hz, 1H), 4.42-4.25 (m, 2H), 4.00-3.92 (m, 1H), 3.66-3.57 (m, 1H), 3.22 (d, J = 5.2 Hz, 1H), 1.30 (t, J = 7.2 Hz,

3H), 0.87 (t, J = 7.2 Hz, 3H) ppm; *C NMR (50 MHz, CDCl;): 8 = 171.1, 168.5, 165.0, 160.1, 136.6, 130.7, 130.6,

130.4, 130.3, 128.9, 128.5, 127.2, 115.8, 115.3, 93.4, 75.7, 64.1, 62.2, 62.1, 51.1, 14.0, 13.4 ppm; ESI-HRMS: calcd.
for CHpFN,O4+H 431.1618, found 431.1613.

ON

ocH, 50 75% yield; Ri= 0.5 (petroleum ether/EtOAc = 8:1); [o]p™’= +38.1 (¢ = 1.53 in CHCLy); 91%
ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A
oL CC%%E; = 254 nm, t (minor) = 10.65 min, t (major) = 16.04 min]; '"H NMR (400 MHz, CDCl;): § =
@ . 7.42-7.24 (m, 7H), 6.87-6.83 (m, 2H), 5.58 (t, J = 8.0 Hz, 1H), 5.49 (dd, J = 7.6, 3.6 Hz, 1H),
5.07 (d, J = 6.8 Hz, 1H), 4.41-4.25 (m, 2H), 3.98-3.90 (m, 1H), 3.78 (s, 3H), 3.65-3.57 (m, 1H), 3.21 (s, 1H), 1.30 (t, J
= 7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H) ppm; °C NMR (50 MHz, CDCl;): = 171.3, 168.6, 159.5, 136.7, 129.7, 128.8,
128.4, 127.2, 126.9, 114.0, 93.8, 75.8, 64.2, 62.1, 62.0, 55.3, 51.4, 14.0, 13.6 ppm; ESI-HRMS: calcd. for
Cx3HpN,O7+H 443.1818, found 443.1809.

O,N,

N 5h 77% yield; Ry= 0.6 (petroleum ether/EtOAc = 8:1); [o]p>’ = +24.0 (¢ = 1.38 in CHCly); 91%

O,N. \ o ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min,

\ / ) CC%%E; A =254 nm, t (minor) = 12.99 min, t (major) = 16.89 min]; "H NMR (400 MHz, CDCl;): § =

© H 7.41-7.38 (m, 2H), 7.36-7.30 (m, 4H), 6.40 (d, J = 3.6 Hz, 1H), 6.34 (dd, J = 3.2, 1.6 Hz, 1H),

5.60 (dd, J = 8.4, 7.2 Hz, 1H), 5.44 (dd, J = 8.4, 4.4 Hz, 1H), 5.22 (d, J = 6.8 Hz, 1H), 4.42-4.26 (m, 2H), 4.12-4.04

(m, 1H), 3.88-3.80 (m, 1H), 3.22 (d, J=4.0 Hz, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H) ppm; *C NMR

(50 MHz, CDCl3): & =170.6, 168.1, 148.0, 142.6, 136.4, 128.8, 128.4, 127.3, 110.9, 110.0, 91.3, 74.1, 63.9, 62.6, 62.3,
48.3, 14.0, 13.6 ppm; ESI-HRMS: calcd. for CyH,,N,0,+H 403.1505, found 403.1489.

S9



5i 62% yield; Ri= 0.6 (petroleum ether/EtOAc = 8:1); [a]p>’ = +36.2 (¢ = 0.80 in CHCl3); 60%

O,N, ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0 mL/min,

\ / CCOOOOEEtt A = 220 nm, t (minor) = 8.30 min, t (major) = 13.47 min]; "H NMR (400 MHz, CDCly): 5 =

© H 7.37-7.28 (m, 5H), 5.29 (dd, J= 8.4, 5.2 Hz, 1H), 5.05 (dd, J = 8.4, 6.4 Hz, 1H), 4.39-4.24 (m,

4H), 3.73-3.68 (m, 1H), 3. 00 (d, J = 5.6 Hz, 1H), 1.83-1.78 (m, 1H), 1.41-1.24 (m, 10H), 0.92 (t, J = 7.2 Hz, 3H)

ppm; °C NMR (50 MHz, CDCLy): 8 = 171.1, 168.7, 136.5, 128.6, 128.2, 127.3, 94.5, 74.1, 63.7, 62.0, 48.1, 32.1, 21.0,
14.1, 14.0, 13.8 ppm; ESI-HRMS: calcd. for C9HsN,O¢t+H 379.1869, found 379.1867.

5j 90% yield; Ri= 0.5 (petroleum ether/EtOAc = 8:1); [o]p>’= +25.9 (¢ = 0.91 in CHCl);

ON cooRt 86% ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 80/20, 1.0
/@ N~ ~COOEt mL/min, A = 254 nm, t (minor) = 8.46 min, t (major) = 11.43 min]; 'H NMR (400 MHz,
cl " CDCl3): & = 7.38-7.28 (m, 9H), 5.59 (t, J = 8.0 Hz, 1H), 5.48 (dd, J = 8.0, 5.2 Hz, 1H), 5.13
(d, J=7.2 Hz, 1H), 4.42-4.25 (m, 2H), 3.94-3.86 (m, 1H), 3.57-3.50 (m, 1H), 3.21 (d, J=5.2 Hz, 1H), 1.29 (t,J=7.2
Hz, 3H), 0.78 (t, J = 7.2 Hz, 3H) ppm; “C NMR (50 MHz, CDCl;): & = 171.1, 168.4, 135.2, 134.9, 134.6, 128.7,
128.6, 128.3, 93.6, 75.8, 63.7, 62.2, 62.0, 51.9, 14.0, 13.3 ppm; ESI-HRMS: calcd. for Cy,H,;CIN,O¢t+H 447.1323,

found 447.1313.

5k 90% yield; Ri= 0.4 (petroleum ether/EtOAc = 8:1); [a]p™ = +32.9 (¢ = 1.10 in

ON CHCly); 86% ee, determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH =

@/\ . 80120, 1.0 mL/min, % = 254 nm, t (minor) = 9.50 min, t (major) = 13.76 min]; 'H NMR
N

H (400 MHz, CDCly): 6 = 7.37-7.24 (m, 10H), 6.76 (d, J =152 Hz, 1 H), 6.03 (q, J=7.2

Hz, 1H), 5.50 (t, J = 7.2 Hz, 1H), 5.12 (d, J = 4.0 Hz, 1H), 4.94 (td, J = 7.2, 0.8 Hz, 1H), 4.40-4.22 (m, 2H), 3.89-3.81
(m, 1H), 3.53-3.45 (m, 1H), 2.81 (bs, 1H), 1.28 (t, = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H) ppm; *C NMR (100 MHz,
CDCly): 8 = 170.5, 168.9, 135.9, 135.2, 135.1, 128.7, 128.6, 128.5, 128.3, 128.2, 126.8, 123.8, 92.7, 76.1, 62.7, 62.3,
62.0, 52.3, 13.9, 13.3 ppm; ESI-HRMS: caled. for Co4HasN,Og+H 439.1869, found 439.1858.

Transformations of the [3 + 2] cycloaddition product 5b

Cbz-NH Ph
et COOEt
Nls Ph COOEt
O,N  Ph : H,N  Ph co2O° g
: . 2N 10
COOEt N|C|2, NaBH4 COOEt

Ph
i TS gy dcooa

Ph"~\~ ~COOEt
H
1
A 25 mL round-bottom flask containing NiCl,-6H,0 (94 mg, 0.4 mmol), CH;OH (1 mL), THF (0.5 mL) and
compound 5b (42 mg, 0.1 mmol, 99% ee after recrystallization) was sonicated to effect complete solution. Then solid
NaBH, (30 mg, 0.8 mmol) was added (CAUTION: frothing) at 0 °C over 15 min. After completion monitored by
TLC, the reaction mixture was diluted with H,O (10 mL) and EtOAc (5 mL), filtered through Celite. The solid was
thoroughly washed with EtOAC (10 mL). The organic layer was separated, dried over Na,SO,, and removed under

reduced pressure to give the crude amine product, which can be used without purification.
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The residue was dissolved in dry THF (1.0 mL), and to this solution was added CbzOSU (30 mg, 0.12 mmol) at
room temperature. The resulting mixture was stirred overnight. After concentration, the residue was purified by
column chromatography to give compound 10 as a white solid (43 mg, 84% yield for two steps). R¢= 0.5 (petroleum
ether/EtOAc = 4:1); [o]p”’= +57.9 (¢ = 2.55 in CHC3); 99% ee, determined by HPLC analysis [Daicel chiralpak IC,
n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 220 nm, t (minor) = 15.42 min, t (major) = 20.51 min]; '"H NMR (400
MHz, CDCL;): 6 = 7.36-7.24 (m, 13H), 7.13-7.11 (m, 2H), 5.08 (t, J = 6.4 Hz, 1H), 4.96 (d, J = 12.4 Hz, 1H),
4.91-4.81 (m, 2H), 4.59 (d, J = 9.6 Hz, 1H), 4.37-4.18 (m, 2H), 4.14 (d, J = 8.4 Hz, 1H), 3.92-3.84 (m, 1H), 3.58-3.50
(m, 1H), 3.37 (d, J = 5.6 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H), 0.76 (t, J = 7.2 Hz, 3H) ppm; *C NMR (50 MHz, CDCl,):
8=171.2,170.4, 155.6, 139.8, 136.5, 128.8, 128.3, 128.2, 127.9, 127.7, 127.5, 75.1, 66.4, 62.4, 61.9, 61.7, 58.1, 53.5,
14.0, 13.3 ppm; ESI-HRMS: calcd. for C;,H;,N,O6+H 517.2339, found 517.2386.

Compound 11 was prepared in a similar procedure as 10. Crystals of 11 suitable for X-ray analysis were
fortunately obtained from its ethanol solution, incorporating an ethanol molecule in the crystals. Therefore, the
absolute structure of the corresponding dipolar cycloaddition product 5b could be determined as (3R, 4R, 5R), in

endo-selectivity.

Crystal data and structure refinement for enantiopoure 11

@9
O//S‘Njﬂ R
R COOEt
@“‘R N~ COOEt
H
1

Identification code 11

Empirical formula C31 H38 N2 O7 S [5b (C29H32N206S) + C,Hs0H]
Formula weight 582.69

Temperature 113(2) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)

Unit cell dimensions a=11.844(2) A  alpha =90 deg.
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Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.87
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter

Largest diff. peak and hole

b=124133)A beta = 90 deg.
c=20.850(4) A gamma = 90 deg.
3065.4(11) A"3
4, 1.263 Mg/m"3
0.154 mm~*-1
1240
0.24 x 0.22 x 0.20 mm
1.95 to 27.87 deg.

-15<=h<=15, -16<=k<=16, -27<=1<=27

38040 /7319 [R(int) = 0.0451]
99.9 %
Semi-empirical from equivalents
0.9699 and 0.9640
Full-matrix least-squares on F/2
7319/43 /413
1.058
R1=0.0416, wR2 = 0.0934
R1=10.0468, wR2 = 0.0962
-0.01(6)
0.178 and -0.363 e.A"-3
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NMR and HPLC spectra
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S16




aycldd HL SOOI REST-LE-Id
Palin EBegueeier +2nwl

i

Cl

dc

COOE
e COOR

ILM_,,L

=== - - r—r—r- e e T e
11 5 ﬂ H 4 1
. P — - - .
an FENTTKT (1] FETIT T
[T T ENC L] a0 B JENE]
LYK-1172
wl Data Parameters
orc-z00r-81
. 398 BE3S8@Fes S¥EE BE ¥ §E mooa i
a 258 2uzMegERaEs fagag b 2 of :l lcnumtwtﬂlﬂuw:
o8 oooOoNTEon ..
v V Tine va!s
InSTRN av0
OGO 5w O A3
RO 139
™ [k
SOLYENT (=45}
547
os 4
=~ 26757 v
Fiores 0.346004 1z
L] 14450188 sec
% Big
™ 22050 usec
Cl 3 .00 usec
TE 0.0 K
4c o 2.00000000 sec
[.1}} 0.03000000 sec
a2 000002000 se¢
-------- CHANEL (] sessases
N1 1X
L] 5 50 usec
O N B -6.00 08
2 w01 75 4775558 Wiz
-------- CHANKEL 2 seses
COOEt ol
a2 1M
\ P02 80,00 usec
COOEY %
N wiz 17.70 o8
LEk] 17.71 b
e 3001312005 Wi
F2 - Precessing paraseters
51
¥ TS 45TTS39 W
L) ]
558 a
i) 1.00 Wz
ca L]
re 1.40
50 M plot parameters
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Pulse Sequence: s2pul
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2111.700139115139 ] 98.361 1395836 | 95.48
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dyz032 H1 CDCI3 2007-10-22

Pulse Sequence: sipul
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0.0 (| COooE
: (W eoor | i
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RT Area |, Height %
(min | (V*sec) | ©A®2[ (V) |Height
115,296 120044936 | 49,74 12012599 | 65.55
218.998 (20256299 | 50.26 |1057955| 34.45
1204 %
| F
1.004 4
0.80- O:N
1 COOEt
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0.60 N
0.404
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dyz030 H1 CDC13  2007-10-22

Pulse Sequence: sipul
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— 0000
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¥ WL e kel et ¥ o
0.89 2.98 1.97 1.07 1.041.02 3.02 3.04
1.94 3.0% 1.08 1.001.02 1.03 3.68
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Current Data Parameters
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a @ o M~ 0= o R R T @ -
RN mmamonaa L L - - ] - wgﬂ F2 - Acquisition Paraseters
Oate_ 20070620
Time 2112
INSTRUM aviod
FROBHD 5 ma ONP 1H/13
PULPROG 2009
o 65536
SOLVENT €oct3
W 380
0% 4
St 22675736 Mz
FIDRES 0.346004 Hz
A 1.4451100 sec
A
o
49 o
TE
[
a1t
012

O,N
COOEt
N~ COOEt

5FO2 300 1312005 Mz
F2 - Processing paraseters
s1 BS536
S 5. 4577539 Mz
WOW EM
558 L]
La .00 Hz
] ]
o Lo
10 WA plot parameters
I “ I o 20.00 cm
(44 5.00 cm
FiP 200,000 pom
F1 15053, 55 Hz
) Fap -0.005 pow
. s S . el 7] -0.38 Hr
oom 150 100 50 BPMCH 1000025 pomice
WICH 75469641 Hy/cm
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HI COC13  2007-10-23
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"o'200 00 400 "6.00 5.00 10.00 1200
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RT Area |, Height | %
(min) | (V *sec) | ©A®3| vy [Height
7.002| 1083278 2.35 83555| 4.15
2(10.130 |45097620 | 97.65|1931185| 95.85
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Dyz035-COCL3=-H1=-2007=10-25

Pulse Sequence: sipul
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RT Area % Area Height| %
(min) [ (V *sec) [ * (V) |Height
1]6.033 [ 4666399 | 48.79 (420996 | 63.98
219.914 14897633 | 51.211237040 | 36.02
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2.20]
2,007 .
] 4i
180 N
104 oN o
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120] @\, COOEt
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0.60]
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] S
020 S
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RT Area |, Height %
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dyz031 H1 CDC13  2007-10-22

Pulse Sequence: sZpul
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P
1.004 ©
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. A ~
0.80-] J \
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. O,N o '
0.60-}
1 COOEt
_ Sy~ ~COOEt
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0.00 —— . -
"o ' 200 T Tand T 400 T 'sod T s0d T ‘oo T "sbd T 'end T dobd T T 1100
Minutes
RT Area Height %
(miny | (V*sec) | 2 A | () | Height
115.666 (13065431 | 49.87 1209456 | 58.68
2(7.866 113132082 | 50.13| 851547 | 41.32
] ©
1.00- ﬂ
0.80- 4
AN
1 \
0.60- O5N (@]
] COOEt
: N\~ ~COOEt
0.40+ N
0.20-
_ R
DUU— 4-—‘_‘/\‘ —r\::,ir_\ “;'
T 200 0 300 400 500 | 600 | 700 | 800 eo0
Minutes
RT Area |, Height %
(miny | (V*seq) |22 (V) |Height
115.771 178668 1.03| 22613 1.99
218.216 |17200896 | 98.97 |1111971 | 98.01
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RT Area |, Height | %
(min) | (V7seq) [ ® A (V) |Height
115.718 |38585412 | 49.07 |2776712| 52.85
2|6.786 [40049019 | 50.93 (2477253 | 47.15
2,50 %
2.00] K
1,50 O2N
] COOEt
N
] ©/\N COOEt
1.00-
0.50-
b (o]
o
©
] uwn
0.00 -
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RT Area |, Height [ %
(mi) | (V*seq) |2 A3 (V) | Height
115.606| 799788 1.54| 78724 2.82
216.656 (51072365 | ©8.46 (2711041 | 97.18
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dyz036 H1 CDCI3 2007-10-23

Pulse Sequence: sZpul
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i
=5.422

1.40-
1.20]
1.004 4
0.80- O,N
COOEt
0.60] ©/\\N COOEt
0.40
0.00- ST
"tod 200 300 " 400 Y osed goo 7.00
Minutes
RT Area Height %
(miny | (V*sec) | © A3 () | Height
114.772 114264475 | 49.17 |1481644 | 53.39
215.422 114744570 50.83 (1293355 | 46.61
2 504
2004 4
] O,N
150 COOEt
1 S
] N~ ~COOEt
1.004
0.504
] @
1 M~
1 MV;VVJ g‘\
0.004 c—
T 20 30 0w o T s
Minutes
RT Area |, Height %
(min | (V*seq) | A3 () | Height
114.763| 387059 0.80 39226 1.37
215.421 (48008700 | 99.20(2816114| 98.63
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2.00]
1.80
1 60

] 4m
140
1207 O2:N

] COOEt
.00 ~

] N~ ~COOEt
080—:

060
0.40
0204 &

1 [Tp]

: <
0.00] » x

1000 " " " 2od """ 300 ) " 500 " "eod "' 700
Minutes
RT Area Height %
(min) | (V*see) | © A (V) | Height
114.537 178011 0.77| 24320 1.23
214.954 122928123 | 99.23 11951029 | 98.77
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574
307
283
271
258
254
123
105
087
=0.000

4n

Z
Q
o}
o
A

i J i — WAV o
—_— — - f - T =
10 9 & 7 B 5 4 3 2 1 0 ppm
0.81 ) 20353 1.06 2.02 1.02 Tl
1.97 . 1.08 0 1.01 3.01
LYK-1652-CDCLI-C13-2007-12~2]
=
a
4n
COOEt
N
N~ “COOEt
1! [
F | i
| H
| |
MmmJ MMM
I]'ITII'[:IITIIIrl[]I!'lTlﬁll'lTll'!iITII|II|I'IflfllIII|l'l_ll—r'l'l_'ll_I'_‘lrII|lTlIifllllll;lllllllllll
130 120 170 160 150 140 130 120 e H: L] L1} T 1] 50 40 0 20 10
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AU

AU

1.60-]
1.40]
1.20 4n
B 0]
] o
] o
1.00—_ 02N ‘(':I
oo | CooEt
0.60]
; F
0_40_:
0.20-]
000{ g —
200 200 " 00 " " 'sod 10.00 12.00 14.00
Minutes
RT Area Height | %
(min) | (V'sec) | A (V) |Height
1] 6.773 (23931980 | 49.32|1682872| 64.74
2112.008 |24593458 | 50.68| 916412 | 35.26
1.20- g
1.00-
i 4n
0.80
: O,N
0.60 COOEt
0.40- E
0.204 ©
o
i r~
w
nnn_| {\ -
ueo L —
200 200 ' ' 'soo "800 ' ' 1oo0 " 1200 14.00
Minutes
RT Area % Area Height | %
(min | (V "sec) ’ (V) Height
1] 6.706 609620 1.77 69756 | 5.49
2111.871 (33840379 | 98.23 (1201126 | 94.51

5S40




~B.595

40

COOE
N~ ~COOEt

i
i ] I 1 A

S L !'I B S _.ﬁilk\_.__ . : ,__.:l-. S FAN AN

: . — - S . - . - S . S :

10 9 8 7 6 5 4 3 2 1

500 oa. 75 ) 0 0. smas 88.78

He o i Thee T 080560 124 Z D0B2 1.6 2.21
LYK-1653~CDCLI-CI3-2007-12-21
: 2
& ]
40

COOEt
N~ ~COOEt

-=0.001

Mrmwry

|]|ITIlll’ll'li'l_rllrlllllllt|lllI1III!|'IIII|III|l'lIII|III_T!TIIIIIII|"I'"|II1|I|'II'|FYII|III'I|I[II
e 180 180 170

160 150 140 130 120 ne I‘rﬂll" L o T 11 L1 40 30 20
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AU

AU

0.60- 'g
40 poc
0.50 A\
] 02N
0.0
] COOEt
0.20]
0.10_5 l
0.00 T -
"Yod " 200 " 300 " 400 " s00 ' sod ' 7od ' sod T wod 1000 1100 1200
Minutes
RT Area % Area Height| %
(min) | (V "sec) ¢ (V) |Height
116.018 (10652941 50.22 1806607 | 61.01
8.867 (10557558 | 49.78 515472 | 38.99
0.60-]
' 40
0.40]
] O,N
0.30.] COOEt
0.20]
0.10] <
] (=2}
©
4 (s ]
000 VAN = ——
Yoo T 20d " a0 U "4b0 U s T eod ' '7od ' 'sld T 'ebd T o0d
Minutes
RT Area Height| %
(min) | (V*seq) | A% (V) | Height
116.694 | 197702 1.46| 51427 7.22
218.867 [13358292 | 98.54 |660539 | 92.78
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LYK-MIC W1 COCY3 z008-2-27

Pulse Sequence: Sepu /

HO-NH  Ph
COOEt
Boc~\~ ~COOEt _-

¥ L ]
%1 + | p ©
f 1% I 5
| E 1
I 1 i
ii _lg Jﬁ li NN
| iR o i 1 4
" S Wy “ L - \ _
10 9 8 7 ] 5 4 3 2 1 npm
3.3 160 55 176
3 Z.0 a8 .26

LYK-HIC-CDCL3~C13~2008~2-26

PPA

HO-NH  Ph
COOEt

Boc~\~ ~COOEt
H

8

.

oo JLL 4 . Py y
Y ek bk s o

LIIrTIIIIITI![II['IIIll[lllllllillT'l"I]llil}llIl|'||IT]|||'I|||!Il.‘||l1't|'l"_"||'I'[]||I|llll|1lll_|—|'lllTI|
\ ] T ] 40 n 20 10

a0 180 170 160 150 140 130 120 1e ]"PPH 0 L] 1] L]
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AU

1.80-

1.60-

140
1.20-
1.00-
0.80
0.60-
0.40-
0,20~
0.00-
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Minutes
RT Area |, Height | %
min | (vsec) [2A®] (V) |Height
1112.745 |61202258 | 49.44 | 1722993 | 52.01
2|14.638 |62504077 | 50.56 | 1580896 | 47.00
0_355
0.30 |
025 HO-NH  Ph
! COOEt
0.20-
Boc~~ ~COOEt
S .
=z H
0,15: 8
o,m;
0.05 |
o_oo;
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes
RT Area o Height| %
min) | (v *sec) [ PA®3| (v) |Height
1112.135 15927653 | 96.92 (356412 | 95.66
2114.541 505871 3.08]| 16175| 4.34
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LYK-1886u H1 COCY3 2008-4-28
Pulse Sequence: sipul

PPR

. |

e b

I

[ 7
f s

M

5 4

1.06 0.8%
2.95 z.00

LYK=1913-CDCLI~C) 3~2008~3~29

J

SNSUN S

. R

"

e ks k|

e

W

—=0.000

brSnbmrip-pped

zn 189 (L] 17 (11 150 140

139

I!IIIIr'T'lTFIIlIIFIIIIIII‘I'[III!'lrl'lll‘lrlli'_ir"l'll]'l'l"ll[IITI

(k4]

ne (L1} Ll
PPH

S45
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AU

AU

0.40

0.30—
0.20
0.10
0.00-
0.00 5.00 10.00 15.00 20.00 25.00
Minutes
RT Area |, Height| %
(min | (v sec) | A3 (V) | Height
1]18.249 34163802 | 49.47 599773 | 51.50
2[31.433 34890523 | 50.53 564826 | 48.50
0.90°
0.80-
0.70 Ph
0s0] //g<COOEt
_ HN~ " “cooEt
0.50 \
Boc
0.40- 9
0.30-
0.20-
S
0.10 3
(=7]
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Minutes
RT Area Height| %
miny | (v ssec) [ A (V) |Height

-

19.606 | 1520097 2.51| 31180 3.31
2131.743 159141644 | 97.49|910614 | 96.69

S46
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LY¥K-1298d#
~FOMToOOUMEONOMUNRRDNODD~RCTODMOOCEOORNDOSNo NI MEOEN = ~0WON
T2l eI S e IR IacalSlBINSSananaaBsg
8 S RAN NS REE SRR iR RAs88RARNEBETGARIREBRRS Current Data Parameters
i A T R i I A A R e B R R~ = I ;;:0 :yc-zw?-gf
N A
F2 - Acquisition Parameters
. Date _ 20070705
Time 16.41
INSTRUM av3on
PROBMD 5 ma ONP 1H/13
PULPROG 230
™ 32768
SOLVENT cocia
5b NS 16
13 0
ShH 5995.204 Hr
FIDRES 0.182959 Hr
AQ 2.7329011 sec
O,N - e
] B3.400 usec
COOEt DE 6.00 usec
TE 0.0 K
COOEt o 1.00000000 sec
N szzzzzzs CHANMEL f1 ssssswss
H NUCH 1H
] 3.00 usec
AL -2.00 08
SFO1 300.1320882 Mz
F2 - Processing parameters
SI 32768
SF 300.1300122 WA
WOW EM
558 0
.8 0.10 Hz
GB o
P 1.00
L 10 NMR plot parameters
Cx 20.00 cm
Y 10.00 ca
| | ]l ] F1p 10.000 ppn
=l [en <l [=|len n - F1 3001.30 Hz
E BB = =[5 B & Fap -0.500 ppn
§ L1E g8||s g 18 g5 g |2 2 150 06 He
£ aile I P I D | ol m oPuCH 0.52500 pon/ca
. - . - —t — — — . — HICH 157 56825 Hz/cm
ppm 8 B 4 0
DYZ052~CDCL3-C13-2007-11~16
= >
& Q
[
O5N
COOEt
N~ COOEt | '
H |
i
il l
I
l] - A
RN N R RN R R N R R AR AR RN R RN LR B
200 180 180 170 160 15¢ 140 139 120 119 80 80 4] 11) K1) L) 30 20 10 Q

100
PPN
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AU

AU

0504 ® ©
1 (o]
J [ @
S
0.40] {\
0304 l\ !| l‘
D.QO—‘
0.00- ___\_",j__&um
"hhod 200 300 T 400 500 oo 700 T sod o900 1000 1100 0 1200 T
Minutes
RT Area |, Height| %
min | (V'sec) | 22| (V) |Height
1| 9.008 11463359 | 50.67 |502086 | 55.61
2[10.928[11161825| 49.33 (400809 | 44.39
0.45
] g
0.40—:
O.35—f
030
0257
0.20]
0_15_2
0_10_3
1 o™
1 w
0.05] N
] o
0.00] - S .
ot 00 T aed T 0l 's00 ' 000 12.00 14.00
Minutes
RT Area o Height| %
(min) | (V *sec) | ®A®3| (V) |Height

9.306 (12508168 | 95.04 |430782 | 95.62
12.282| 652496 4.96| 19754 4.38

[ ]
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LY¥E-1198d-COCL3-H1-2007-5-22

s2pul

Pulse Sequence:

1000

COOEt
COOEt

ZT

B e

_—

T
S

T -

————
10

1.08

.94

1.01

1.80

B 3
» $H== = .
: 5 T — 4
g
m ]
- |[|.._M
— =W
2 O _m_ULO
- OO
o @ [

ZT

O,N

5¢c

Hdd

109 20 L1 T 1] 50 40 30 20 m

PPN
S49
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180 170 160 150 140 130

190

TlTrl—I—I[T_l—II'lnlll'lIIIIII1IIIlIFII|IIIT'—IT'IITI'IIIflIIIIiIIII]I'II'I‘l||IllII‘—II'Tl-llTIl‘ll‘llll[ll[lllll
120



AU

AU

240+ =
] o)
| o
220] <
2.00] {\
1.80]
|.eo_f
1.40]
1203
100,
oo \ R
0.60
0.40]
0.20]
] ,J, 7_}51 |
0.00- ) NS AS S
" 2od " ' 40d U " 00 © "800 ' 1000 1200 0 "1400 ' T160d T 1800 1 2000
Minutes
RT Area o Height %
min | (vsee) | 7A@ | (V) |Height
11 9.8001100797044 1 497312278708 | 54.08
2114.337 [101893587 | 50.27 (1936346 | 45.94
1.80—:
1_60—:
1_40{
1.201
1.007 COOEt
om0] COOEt
0.60
0.40- -
1 (o]
: 8
0.204 o
0_00'—/\,w~ﬁAH - —
U200 U 4000 0 U e0d " 800 " "100d 1 T1200 1 1400 1 "160d 1800
Minutes
RT Area 0 Height | %
(min) | (v 'sec) | 2A™®@| "'\ [Height
1] 9.991| 3679014 537| 173954 | 8.95
2(14.371 (64806680 94.63 11769168 | 91.05
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LYK-1591 H1 CDC13 2007-11-21

Pulse Sequence: sZpul

COOEt
COOEt
Jf
{

10

-2z

LTK=1591~CDCL3-C13-2007 11

mmﬂ

ﬁ%

FPRT gy

il

L LU { —

Cl

5d

O,N

COOEt

COOEt

ZT

|

lIlIII|III|!IlllllllllplllllllillllliIITTIIITI
150

/]

I, S—

i

[

30 20 19

40

T

!I'ITIIIYII[IIT'I!'I\“iYllIll|II1IIII|FI'IJIIII|III'I—I'ITTI
1 10 50
PPR
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AU

AU

2.00

12.265

1.80
1.60-
1.40

1.204

1.004

0.80

0.60

0.404

—

0.20

0.00—: —_—

.00 4.00 .00 " ol 100 " 1200 14.00

Minutes

RT Area |, Height | %
(min) | (V*sec) | A" (V) |Height

8.852 (52903135 | 50.10 [ 1992535 | 54.95
12.265|52700197 | 49.90 | 1633437 | 45.05

M

o.eo_:
o.so—f
0.40—:
0.30-:
0.20{

0104

0.004

2.00 4.00 god ' s0d ' " 1000
Minutes

RT Area Height| %
(min) | (V "sec) (V) |Height

8.689| 1057017 4.86| 98965 | 14.08
12.226 |20684425 | 95.14 |603928 | 85.92

% Area

=

o]
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CDC13  2008-1-7

1580 M1

58 Sequence: $2pul

000"
EELN
ree”
206"
8927
182"
S0E”
545"
EEE”
SPE”
639"
it N
969°
04"
ETL”
EEL”
2EL”
(1
Tre”
B56°
£96°
9467
586"
bEE"
£00°
1Z0°
562"
roE”
EIE’
228"
18"
orE"
L1
BSE’
L9E"
9LE’
1
ESy°
[
ziv’
LES”
B¥S’
565"
185"
5047
A
Eg2”
v
L1
13T
652"
1927
692"
E1r
[
62"
S0
GOE"
2ze’
SZE°
vEE"
8EE"
EVE"
L8E7
208"
L98”
TLE”
bLET
[0
BEE"
0"
ore”
e
are”
1er”
LE
BEV"
er”
L1
BSE°
(310

s SR

-

S

ppm

0

10

ey

l1iamsaz

o
=

02926

LYK-1580-CDCLI-C13-2008-1~16

Hdd

L 30 20

s

AL R AL R B L L R

T} 4] &t

120

150

180

IR A A A A A A A DL A A A DAL A LA AR RN A
130

170

FFH

160
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AU

AU
=
X!
=]

P

Aumoacic

— ——=128.378

5.00 10.00' 15.00 20.00
Minutes
RT Area Height| %
(min) | (Vv 'sec) | A | () | Height
1120.699 125141342 | 50.79 |451633 | 57.22
2|28.378 (24355064 | 49.21 (337710 42.78

2.20]
2.00%
1.60]
1.60]
140]
120]
LDD;
0.80]
oﬁoé
0.40]

0.201

0.00

27.961

800 10,00 "12.00' '14.00' "16.00 ' 1800 20.00 ‘2200 '24.00' '26.00' '28.00

4.00 6.00
Minutes
RT Area o Height | %
(min | (V*sec) |22 (V) |Height
1[20.001 [133130893| 92.13 2175475 | 91.92
2(27.961| 11368740 7.87| 191196| 8.08
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LYE-15%3 H1 CDC13 2007-11-21

Pulse Sequence: sZpul

|
ppm

1

i
1

2

Y
n 20

40

51

'
S :L_ —
2
35

T A Sl

[
l

T

100
2
S55

e

120

130

"
- umi i -
== -
= - -
e T
e s
B I
? —
| o WO
)
_ [2]
e ——— N
_ ° 2
i - in
J s j
T— 5t -3
- —
_ A =
| Lo
i
|
| T
lLrl“m.Hnl..\ -~ 2
S i
— | -
— i w”«

10

Wdd

170 160 150 140

120

Penebipai g

180



AU

AU

250
4 If ™~
o
(o]
% 3
2,00 ﬂ
1.50-
1.004
0.504
000 —— M\ - A
" os0d " 4o0d " Bod ' Bed ' 1000 12.00 1400
Minutes
RT Area |, Height %
(min) | (Vsec) [ A3 (V) |Height
116.867 |52036659 | 49.61 2431676 | 53.59
219.207 |52853085| 50.39|2105465 | 46.41
130-:
1,60
1.404
120
100_:
0.804
060{
040-:
020-:
oonj
o0 T 200 00 U wod U 's0dt U sod T 700 T Bod ' 9od | dood | Td1od
Minutes
RT Area |, Height %
(min) | (V*seq) | A3 (V) | Height
117.111| 3909557 6.93| 277034 | 13.23
2(9.755 152467161 93.07 11816392 | 86.77
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2007-11-21

H1 CDC13

LYE-1588

s2pul

Pulse Sequence:

-

-

COOEt

COOEt

ZT

ppm

3.00 8.90

1.00 1.03

83

LTK-1588-CDCLI-C13=2007~11-21

W

o

FIETT

|IIJIIIIIIIIII"I"I‘IIll'll'TllilIII|I|II|JIII|III[II1II|I
120 170 169 150 149 139 120 ne ]Plrl“ L] L1 ™ 1] L1 40 30 20 1% o

190

[lllrilllli[lll|IJII|1lI!lI'ITIiI'I'IiIII!II[I[I




AU

AU

2.40]
220 EE
b q
2.003 ] o
] *
1804 2
I.GG‘—. ‘ fq.\
1403 | [
1203 1 [
1,003
0.80]
0.60- |
0.40]
0.203
oomhﬁ\—x
200 0 " 400 " éod U g0 T 1000 ' T1200 1 1400 0 600 "18.00
Minutes
RT Area |, Height | %
(min | (V*sec) | A3 | (V) |Height
1110.552 |70740785| 49.52 2359688 | 57.30
2115.962 172112643 | 50.48 1758587 | 42.70
0.60
0.50-
0.40]
0.30]
] COOEt
020
E (o]
0.10] R
1 =
0.00 ,‘ZLH ] .
200 " "400 " 600 ' "sod ' "1000 ' "1200 ' 1400 ' 1600 1 "800 ' 2000
Minutes
RT Area |, Height| %
(miny | (V *sec) | ©A™3| (V) | Height

-

10.646 | 1221996 450 57756 | 8.21
16.038 | 25955264 | 95.50 (645836 | 91.79

]
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LYE=1587 H1 CDCI3 2007-11-21

Pulse Sequence: s2pul

| E
.ﬁ =
o
|
FFt—
[T
|
§ J - %
J o
J E
1 -
] H
- R
| &
H -
' Lilaii
T
e H—
- — z
m i
I o
] - ki
~ iﬁﬂl’a__ i P5 2
| A [
— j T ?J mm
- ﬁ =t &
- n e e
h 1 - e
| hv
| pi
K
m >
i w A
| 5 8
v er——— - -
-~ = z g BRI
= ni ot

6

7
7

448

wOnT
i 1 30—

10

COOEt

COOEt

130 170 160 150 149 120 129 me o n n T (1] st “ kL] 0 m

130

1I[IIIIIIl|IIII]IIIi|IIIIil'lrl'l'lITIIIII['[IIIIII'IIIIIIIILIIIIIIII|1IIIIII!IY'IF'IT'I'I'IFTI]IIIIIIIF'IlYII
e



AU

AU

1.60-] R
h (=]
] ~
1.40- N
] f\
1.20.: 5h
] AN
1.00- \
] O,5N o
0.80-] COOEt
: N~ ~COOEt
0.60] H
0.40]
0.20]
0.00] N -
"o " 40 ' "e0d U "sod o000 200 ' 400 1600 o is'od T 20000 1 22000
Minutes
RT Area |, Height | %
(min | (V *sec) | ®A®@| (V) |Height
1(13.026 |67134853 | 49.78 (1614526 | 53.70
2117.073 167727719 | 50.22 (1392259 | 46.30
0 40
0.35
030 h
0.25] \ N
] O,N (@]
0.20 COOEt
: N~ ~COOEt
0.15 H
0102 ~
] [s]
@
0.05 =
oomQ; —
"oed " T 40d " 'e0d ' eod ' 1000 " 1200 1 1400 ' "ie00 | '1slod | ‘200000 1 2200
Minutes
RT Area |, Height| %
(min | (v sec) | 2A®@[ () | Height
1112.992 792897 447 35089| 8.31
2116.850 16936550 | §5.53 387076 §1.68
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LYE-1254d H1 CDCI3  2007-6-13
Pulse Sequence: sZpul

— ——— : —r——T— - e —1 T r - T
10 9 8 7 6 5 4 3 2 1 ppm
W W v
?.5““; 4.58 5.71 3.78 4.05 37.36
11.37 3.98 10.16 3.54 a3 11.44

o
]
i n
RN T L

-
— de29
—_— 22,148
— AR
=ihi

5i

COOEt
COOEt

Iz

| |

h
“ J A 1 —— SV N S

TT VT T T T [T AP [T T[T I T[T T T [T T T T[T T T T[T T T [ rTT
e 120 120 17e 168 159 e 1 e e
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AU

AU

8507

—————=13.766

5i

COOEt
COOEt

Iz

200 4.00 6.00 8.00
Minutes

1000 " 1200 " " 1200 0" 1600

RT Area _..| Height | %
(min) | (V *sec) = (V) |Height

8.507 | 4776313 | 49.46 190793 | 54.51
13.766 | 4880211 | 50.54 (159225 | 45.49

-

[\ ]

2.40
220]
2.00
180
1.60]
1 ,40_f
120
100
0.80]
0.60]
0.40]

020

0.00-

Si

COOEt
COOEt

Iz

|

SN N .

2.00 400 500 god ' 00d 0" 1200 " 100 © ' 1600
Minutes

RT Area o Height %
min | (v¥seq) [P (V) |Height

8.303 25724187 211218325 ] 34.26
2113.466 1103441285 812338216 | 65.74

b
o
]
o]
]
r—
w0
©

®
<
(=]
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LYK-1611 H1 CDC13 2007-12-6
Pulse Sequence: s2pul

RN MOIMAN I NN NE NN T T T AN AN ANMANOOIO G NN NS R RS 00D DWW S 9T

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
L

—0.000

- e = i e R —r—y — " T T o T s e et T R e T
10 9 8 7 6 5 4 3 2 1 ¢t ppm

(L]

I I =

180 180 e 160 150 140 130 120 mn e 20 L1} il 11} 51 i kL wn L] ] =10
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AU

AU

0.16 S
[e)]
] p >
014 ﬁ =
0.12]
0104
008 COOEt
i COOEt
0.04-]
N~
0.00] ' ‘
"t 200 0 a0d ‘600 ' 'so0 10.00 12.00 '
Minutes
RT Area % Area Height | %
(min | (V "sec) 0 (V) |Height
1] 8.753 4036921 50.21 1146725 53.03
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