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Intermolecular radical addition reactions of a-iodo cycloalkenones and
synthetic study of formal synthesis of enantiopure fawcettiminet

Kuan-Miao Liu*?, Chi-Min Chau** and Chin-Kang Sha*"
cmchau@csmu.edu.tw

General:

Reactions were carried out in oven and flame-dried glassware under a positive pressure
of Argon. Ether and THF was distilled over sodium/benzophenone. Dichloromethane and
benzene was distilled over calcium hydride. All reagents were purchased commercially
and used without further purification. TLC was performed on Merck 5735
DC-plastikfolien Kieselgel 60 F254 precoated plates. Flash column chromatography was
performed with silica gel Merck 7736 Kieselgel 60H. 1H-NMR (7.24 ppm for CDCl; as
internal standard) and *C-NMR (77.0 ppm for CDCl; as internal standard) spectra were
recorded on Varian Unity-400 MHz instrument. Coupling Constants are measured in
Hertz. IR spectra was recorded from Bomen MB-100FT spectrometer. Optical rotation
was recorded from JASCO DIP-1000 polarimeter at 589 nm (sodium D-line). Melting
point was recorded on Buchi 530 melting-point apparatus and not corrected. HRMS data
was obtained from FOEL JMS-HX110 spectrometer. Single crystal X-ray analysis was
performed on a Siemens Smart CCD diffractometer.

General procedure for the intermolecular addition reaction of a-carbonyl vinyl
radical with electron-withdrawing olefin:

To a refluxing benzene solution (0.2M with respect to o-iodoenone) of a-iodoenone and
olefin (10.0 eq.) under an atmosphere of argon was added a solution of AIBN (0.12 eq.)
and Bu3SnH (1.2 eq.) in benzene (0.5M with respect to Bu;SnH) 8 times at an interval of
40 min. After the starting material was consumed completely by monitoring with TLC (2
h), the reaction mixture was cooled to room temperature and benzene was evaporated.
Dilution with Et,O followed by addition of saturated KF solution, the resulting mixture
was stirred for another 2 h. Then moved the solid by filtration and the liquid was
extracted with diethyl ether(x 5), the combined organic extracts were washed with brine,
dried over MgSO,. After filtration and concentration, purification by flash column
chromatography afforded product as an oil.

3-(5-oxocyclopent-1-enyl)propanenitrile (1a)

0]
? ~. CN

The reaction of a-iodocyclopent-2-enone with acrylonitrile gave the product 1a in 429
yield.
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'H NMR (400 MHz, CDCl3) § 7.55-7.53 (m, 1H), 2.66-2.61 (m, 2H), 2.60-2.61 (m, 4H),
2.44-2.40 (m, 2H); **C NMR (100 MHz, CDCl5) § 208.7 (C), 160.0 (C), 142.0 (C), 118.9
(C), 34.3 (CHy), 26.6 (CHy), 21.3 (CHa), 15.7 (CHa); IR (neat) 2928, 2247, 1695, 1634,
1441, 1359 cm’'; MS (EI) m/z 135(M", 5), 74 (49), 62 (100), 61 (53); HRMS (EI) m/z
caled for CsHoNO 135.0684, found 135.0685.

2-methyl-3-(5-oxocyclopent-1-enyl)propanenitrile (1b)

O
? ~. ,CN

The reaction of a-iodocyclopent-2-enone with methacrylonitrile gave the product 1b in
40% yield.

'H NMR (400 MHz, CDCl3) & 7.58-7.56 (m, 1H), 2.96-2.86 (m, 1H), 2.66-2.61 (m, 2H),
2.46-2.39 (m, 4H), 1.31 (d, J = 7.2Hz, 3H); *C NMR (100 MHz, CDCl3) & 208.9 (C),
160.9 (CH), 141.4 (C), 122.2 (C), 34.2 (CH,), 29.4 (CH,), 26.6 (CH,), 24.4 (CH), 17.8
(CHs); IR (neat) 2925, 2240, 1698, 1633, 1440, 1355 cm™; MS (EI) m/z 149 (M", 94),
122 (38), 95 (60), 67 (100); HRMS (EI) m/z caled for CoH;NO 149.0841, found
149.0850.

methyl 3-(5-oxocyclopent-1-enyl)propanoate (1)

O

? A~ ,CO,Me

The reaction of a-iodocyclopent-2-enone with methyl acrylate gave the product 1c in 31
% yield.

'H NMR (400 MHz, CDCl3) 6 7.36-7.32 (m, 1H), 3.65 (s, 3H), 2.57-2.52 (m, 2H),
2.52-2.49 (m, 4H), 2.40-2.36 (m, 2H); BCc NMR (100 MHz, CDCls) 6 209.2 (C), 173.0
(C), 158.2 (CH), 144.3 (C), 51.4 (CH3), 34.3 (CH»), 31.7 (CH,), 26.4 (CH,), 20.2 (CHy);
IR (neat) 2954, 2925, 1738, 1699, 1634, 1439, 1249, 1201, 1165 cm’; MS (EI) m/z 168
(M", 32), 136 (86), 108 (100), 79 (85); HRMS (EI) m/z calcd for CoH;,0;3 168.0786,
found 168.0789.

ethyl 3-(5-oxocyclopent-1-enyl)propanoate (1d)

@)

? A~ CO,Et
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The reaction of a-iodocyclopent-2-enone with ethyl acrylate gave the product 1d in 389%
yield.

'H NMR (400 MHz, CDCls) & 7.35-7.32 (m, 1H), 4.10 (q, J = 7.2 Hz, 2H), 2.57-2.52 (m,
2H), 2.51-2.48 (brs, 4H), 2.39 (m, 2H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) & 209.2 (C), 172.6 (C), 158.1 (CH), 144.5 (C), 60.3 (CHa), 34.4 (CH,), 32.1
(CH,), 26.4 (CH,), 20.3 (CHy), 14.1 (CHs); IR (neat) 2982, 2929, 1740, 1698, 1634,
1444, 1246, 1162 cm™; MS (EI) m/z 182 (M, 21), 137 (52), 108 (100), 79 (42); HRMS
(ET) m/z caled for C1oH 405 182.0943, found 182.0945.

2-(2-(phenylsulfonyl)ethyl)cyclopent-2-enone (1€)

O

? A~ ,SO,Ph

The reaction of a-iodocyclopent-2-enone with phenyl vinyl sulfone gave the product 1e
in 379 yield.

'H NMR (400 MHz, CDCl3) § 7.87 (d, J = 7.2 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.54 (dd,
J=17.4,7.2Hz, 2H), 7.38-7.35 (brs, 1H), 3.33 (t, J= 7.2 Hz, 2H), 2.63 (t, J = 7.2 Hz, 2H),
2.54-2.49 (m, 2H), 2.31-2.27 (m, 2H); *C NMR (100 MHz, CDCls) § 208.7 (C), 159.6
(CH), 141.8 (C), 139.0 (C), 133.7 (CH), 129.3 (CH), 128.1 (CH), 53.4 (CH,), 34.3 (CH,),
26.6 (CH,), 19.4 (CHa); IR (neat) 3065, 2923, 1697, 1634, 1306, 1151 cm’'; MS (EI) m/z
250 (M, 6), 109 (100), 79 (24), 64 (16); HRMS (EI) m/z calcd for C13H405S 250.0664,
found 250.0664.

3-(6-oxocyclohex-1-enyl)propanenitrile (2a)

O
CN

The reaction of a-iodocyclohex-2-enone with acrylonitrile gave the product 2a in 609
yield.

'H NMR (400 MHz, CDCl;) 6 6.92 (dd, J = 4.0, 4.0 Hz, 1H), 2.54-2.36 (m, 8H),
2.03-1.95 (m, 2H); 3C NMR (100 MHz, CDCls) & 198.8 (C), 148.6 (CH), 136.0 (C),
119.2 (C), 38.2 (CH,), 26.6 (CH,), 26.0 (CH,), 22.8 (CH,), 16.9 (CH); IR (neat) 2930,
2246, 1671, 1430, 1380 cm™; MS (EI) m/z 149 (M+,3), 88 (15), 73 (24), 70 (42), 61 (100);
HRMS (EI) m/z calcd for CoH 1NO 149.0841, found 149.0835
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2-methyl-3-(6-oxocyclohex-1-enyl)propanenitrile (2b)

O
CN

The reaction of a-iodocyclohex-2-enone with methacrylonitrile gave the product 2b in 58
% yield.

'H NMR (400 MHz, CDCls) & 6.96 (dd, J = 4.0, 4.0 Hz, 1H), 2.94-2.84 (m, 1H),
2.60-2.54 (m, 1H), 2.52-2.40 (m, 4H), 2.28-2.20 (m, 1H), 2.06-1.97 (m, 8H), 1.30 (d, J =
7.2 Hz, 3H); 13C NMR (100 MHz, CDCls) 6 198.9 (C), 149.3 (CH), 135.4 (C), 122.6 (C),
38.2 (CHy), 35.0 (CHy), 26.1 (CH»), 25.3 (CH), 22.9 (CH,), 18.0 (CH3); IR (neat) 2938,
2239, 1672, 1456, 1431, 1379 cm’'; MS (ET) m/z 163 (M, 87), 136 (40), 107 (32), 81
(100); HRMS (EI) m/z calcd for C1oH;3NO 163.0997, found 163.0999.

methyl 3-(6-oxocyclohex-1-enyl)propanoate (2C)

0]
COzMe

The reaction of a-iodocyclohex-2-enone with methyl acrylate gave the product 2c in 48
% yield.

'H NMR (400 MHz, CDCls) § 6.76 (dd, J = 4.4, 4.4 Hz, 1H), 3.63 (s, 3H), 2.52-2.37 (m,
6H), 2.36-2.29 (m, 2H), 1.99-1.91 (m, 2H); *C NMR (100 MHz, CDCl3) § 198.3 (C),
172.8 (C), 145.8 (CH), 137.5 (C), 50.8 (CHz), 37.9 (CHa), 32.4 (CHa), 25.5 (CHa), 25.0
(CH,), 22.5 (CH); IR (neat) 2951, 1738, 1672, 1436, 1253, 1198, 1166 cm™; MS (EI)
m/z 182 (M". 10), 150 (50), 122 (100), 95 (63), 67 (72); HRMS (EI) m/z calcd for
C1oH1405 182.0943, found 182.0935.

ethyl 3-(6-oxocyclohex-1-enyl)propanoate (2d)

0
CO,Et

The reaction of a-iodocyclohex-2-enone with ethyl acrylate gave the product 2d in 529
yield.

'H NMR (400 MHz, CDCL3) & 6.75 (dd, J = 4.4, 4.4 Hz, 1H), 4.08 (q, J = 7.2 Hz, 2H),
2.50-2.44 (m, 2H), 2.43-2.36 (m, 4H), 2.34-2.28 (m, 2H), 1.98-1.90 (m, 2H), 1.21 (t, J =
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7.2 Hz, 3H); **C NMR (100 MHz, CDCls) § 199.0 (C), 173.1 (C), 146.2 (CH), 138.1 (C),
60.2 (CHa), 38.4 (CH,), 33.2 (CHa), 26.0 (CHa), 25.5 (CH,), 23.0 (CHy), 14.2 (CH;); IR
(neat) 2931, 1735, 1673, 1451, 1253, 1196, 1163 cm™; MS (EI) m/z 196 (M"_ 11), 151
(34), 122(100), 94 (17); HRMS (EI) m/z caled for C1;H;405 196.1099, found 196.1108.

2-(2-(phenylsulfonyl)ethyl)cyclohex-2-enone (2€)

o)
SO,Ph

The reaction of a-iodocyclohex-2-enone with phenyl vinyl sulfone gave the product 2e in
62%yield.

'H NMR (400 MHz, CDCl3) § 7.87 (d, J = 7.6 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.53 (dd,
J=17.6,7.4 Hz, 2H), 6.79 (dd, J = 4.0, 4.0 Hz, 1H), 3.26 (t, J = 7.6 Hz, 2H), 2.56 (t, J =
7.6 Hz, 2H), 2.32-2.25 (m, 4H), 1.92-1.83 (m, 2H); *C NMR (100 MHz, CDCls) & 198.6
(C), 147.9 (CH), 139.2 (C), 135.5 (C), 133.5 (C), 129.1 (CH), 127.9 (CH), 54.4 (CH,),
38.0 (CHa), 25.9 (CHa), 24.4 (CH,), 22.6 (CHa); IR (neat) 3065, 2931, 1669, 1585, 1306,
1143 cm™’; MS (EI) miz (M* 20), 123(100), 91 (21), 77 (25); HRMS (EI) m/z caled for
C14H1605S 264.0820, found 264.0812.

2-(3-oxobutyl)cyclohex-2-enone (2f)

O 0O

The reaction of a-iodocyclohex-2-enone with 3-buten-2-one gave the product 2f in 99%
yield.

'H NMR (400 MHz, CDCls) & 6.74 (dd, J = 4.4, 4.4 Hz, 1H), 2.54 (t, J = 7.4 Hz, 2H),
2.43-2.35 (m, 4H), 2.34-2.26 (m, 2H), 2.08 (s, 3H), 1.97-1.89 (m, 2H); *C NMR (100
MHz, CDCls) § 208.2 (C), 199.3 (C), 146.5 (CH), 138.4 (C), 42.5 (CH,), 38.4 (CH,),
29.8 (CHs), 26.0 (CHa), 24.5 (CHa), 23.0 (CHy); IR (neat) 1671, 1715, 1430, 1167 cm™;
MS (EI) m/z 166 (M, 36), 123 (65), 99(49), 67(100), 40(51); HRMS (EI) m/z calcd for
C1oH1402 166.0994, found 166.0996.

3-((Z)-7-oxocyclohept-1-enyl)propanenitrile (3a)

O
CN



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2007

The reaction of a-iodocyclohept-2-enone with acrylonitrile gave the product 3a in 459%
yield.

'H NMR (400 MHz, CDCly) & 6.74 (dd, J = 6.6, 6.6 Hz, 1H), 2.58-2.54 (m, 2H),
2.49-2.46 (m, 4H), 2.45-2.38 (m, 2H), 1.78-1.70 (m, 4H); **C NMR (100 MHz, CDCls) &
203.7 (C), 146.4 (CH), 139.5 (C), 119.2 (C), 42.5 (CHa), 29.6 (CH,), 27.6 (CH,), 24.9
(CH,), 21.1 (CH,), 17.3 (CHa); IR (neat) 2939, 2246, 1661, 1454, 1428, 1390 cm™; MS
(ET) m/z 163 (M 57), 121 (32), 95 (100), 79 (49); HRMS (EI) m/z calcd for C1oH;3NO
163.0997, found 163.0996.

2-methyl-3-((Z)-7-oxocyclohept-1-enyl)propanenitrile (3b)

O
CN

The reaction of a-iodocyclohept-2-enone with methacrylonitrile gave the product 3b in
429 yield.

'H NMR (400 MHz, CDCly) & 6.75 (dd, J = 6.6, 6.6 Hz, 1H), 2.92-2.81 (m, 1H),
2.61-2.53 (m, 3H), 2.47-2.40 (m, 2H), 2.29-2.20 (m, 1H), 1.80-1.70 (m, 4H), 1.27 (d, J =
7.2 Hz, 3H); *C NMR (100 MHz, CDCls) 5 203.9 (C), 146.8 (CH), 139.1 (C), 122.6 (C),
42.5 (CH,), 38.2 (CH,), 27.7 (CH,), 25.7 (CH), 24.9 (CH,), 21.2 (CH,), 18.0 (CH;); IR
(neat) 2940, 2238, 1668, 1455, 1386 cm™'; MS (EI) m/z 177 (M".21), 150 (44), 123 (50),
95 (100), 67 (42); HRMS (EI) m/z caled for C;;H;sNO 177.1154, found 177.1153.

methyl 3-((Z)-7-oxocyclohept-1-enyl)propanoate (3C)

CO,Me

The reaction of a-iodocyclohept-2-enone with methyl acrylate
gave the product 3c in 35%yield.

'H NMR (400 MHz, CDCl3) 6 6.54 (dd, J = 6.4, 6.4 Hz, 1H), 3.62 (s, 3H), 2.58-2.49 (m,
4H), 2.43-2.32 (m, 4H), 1.78-1.65 (m, 4H); BC NMR (100 MHz, CDCl;) ¢ 204.4 (C),
173.5(C), 143.1 (CH), 141.9 (C), 51.4 (CHs), 42.5 (CH,), 33.6 (CH,), 28.8 (CHy), 27.5
(CHy), 24.9 (CH,), 21.3 (CH»); IR (neat) 2947, 1738, 1666, 1436, 1254, 1164 cm’; MS
(ED) m/z 196 (M",20), 164 (60), 136 (63), 95 (42), 70 (62), 61 (100); HRMS (EI) m/z
calcd for C11H1605 196.1099, found 196.1102.
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ethyl 3-((Z)-7-oxocyclohept-1-enyl)propanoate (3d)

o)
CO,Et

The reaction of a-iodocyclohept-2-enone with ethyl acrylate gave the product 3d in 409
yield.

'H NMR (400 MHz, CDCl3) & 6.55 (dd, J = 6.4, 6.4 Hz, 1H), 4.07 (q, J = 7.4 Hz, 2H),
2.57-2.49 (m, 4H), 2.41-2.31 (m, 4H), 1.78-1.64 (m, 4H), 1.21 (t, J = 7.4 Hz, 3H); °C
NMR (100 MHz, CDCls) 6 204.4 (C), 173.0 (C), 142.9 (CH), 142.0 (C), 60.1 (CH»), 42.5
(CH,), 33.8 (CH»), 28.8 (CH>), 27.4 (CHy), 24.9 (CH»), 21.3 (CH,), 14.2 (CH3); IR (neat)
2938, 1733, 1665, 1446, 1251, 1181, 1161 cm™'; MS (EI) m/z 210 (M". 16), 164 (94), 136
(100), 108 (63); HRMS (EI) m/z caled for C,H505210.1256, found 210.1265.

(Z)-2-(2-(phenylsulfonyl)ethyl)cyclohept-2-enone (3e)

o)
SO,Ph

The reaction of a-iodocyclohept-2-enone with phenyl vinyl
sulfone gave the product 3e in 489 yield.

'H NMR (400 MHz, CDCl3) § 7.87 (d, J = 8.0 Hz, 2H), 7.63 (t, J = 8.0 Hz, 1H), 7.54 (dd,
J=28.0,8.0 Hz, 2H), 6.64 (t, J = 6.2 Hz, 1H), 3.26 (t, J = 8.0 Hz, 2H), 2.56 (t, J = 8.0 Hz,
2H), 2.47 (dd, J = 6.0, 6.0 Hz, 2H ), 2.37-2.31 (m, 2H), 1.73-1.64 (m, 4H); *C NMR
(100 MHz, CDCls) & 203.5 (C), 145.4 (CH), 139.3 (C), 133.5 (CH), 129.1 (CH), 127.9
(CH), 55.0 (CHy), 42.4 (CHa), 27.6 (CHa), 27.4 (CH,), 24.9 (CH,), 21.1 (CHy); IR (neat)
3064, 2938, 1660, 1585, 1306, 1148 cm™; MS (EI) m/z 278 (M" 37), 137 (90), 125 (37),
104 (31), 93 (32), 77 (100); HRMS (EI) m/z caled for C;sH;50;S 278.0977, found
278.0978.

(R)-2-i0do-5-methylcyclohex-2-enone (5)

To a solution of I, (4.95 g, 19.5 mmol) and pyridine (12.6 mL, 156 mmol) in CH,Cl, (12
mL) at 0 °C was added enone 4 (1.43g , 13.0 mmol) and the mixture was stirred at 0°C
for 30 min and then room temperature for 8 h. The reaction was quenched with HCI (10%,
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3 mL) and extracted with CH,Cl, (20 mL x 5). The combined organic extracts were
washed with saturated Na,S,0; solution (20 mL x 3), brine (20mL) and dried over
MgSO;. After filtration and concentration, purification by flash column chromatography
(ethyl acetate/hexane 1:8) afforded 5 (2.91 g, 95%) as a solid.

'H NMR (400 MHz, CDCly) § 7.69 (dd, J = 5.8, 3.0 Hz, 1H), 2.78-2.69 (m, 1H),
2.48-2.40 (m, 1H), 2.32-2.23 (m, 2H), 2.18-2.10 (m, 1H), 1.05 (d, J = 6.0 Hz, 3H); *C
NMR (100 MHz, CDCL3) § 191.9 (C), 158.4 (CH), 103.1 (C), 44.7 (CH,), 37.5 (CHa),
30.0 (CH), 20.3 (CHs); IR (neat) 3025, 1683, 1590, 739 cm™'; MS (EI) m/z 236 (M", 100),
194 (89), 109 (27); HRMS (EI) m/z caled for CsHsIO 235.9700, found 235.9707.
[o]p=-75.8" (c= 1.2, CHCL)

3-((R)-4-methyl-6-oxocyclohex-1-enyl)propanenitrile (6)

O
CN

To a refluxing benzene solution (1.1 mL) of 5 (52 mg, 0.22 mmol) and acrylonitrile (0.15
mL, 2.20 mmol) under an atmosphere of argon was added a solution of AIBN (4.3 mg,
0.026 mmol) and Bu3SnH (71 uL, 0.264 mmol) in benzene (0.53 mL) 8 times at an
interval of 40 min. After the starting material was consumed completely by montoring
with TLC (2 h), the reaction mixture was cooled to room temperature and benzene was
evaporated. After dilution with Et;,O (5 mL) followed by addition of saturated KF
solution (5 mL), the resulting mixture was stirred for another 2 h. Then moved the solid
by filtration and the liquid was extracted with diethyl ether (5 mL x 3), the combined
organic extracts were washed with brine (5 mL) and dried over MgSQ,. After filtration
and concentration, purification by flash chromatography (ethyl acetate/hexane 1:5)
afforded compound 6 (25.1 mg, 70 %) as a colorless oil.

'H NMR (400 MHz, CDCl;) & 6.88 (dd, J = 5.4, 2.6 Hz, 1H), 2.53-2.42 (m, 6H),
2.27-2.14 (m, 1H), 2.12-2.04 (m, 2H), 1.05 (d, J = 6.4 Hz, 3H); *C NMR (100 MHz,
CDCl3) & 98.6 (C), 147.5 (CH), 135.3(C), 119.0 (C), 46.0 (CH,), 33.9 (CH,), 30.1 (CH),
26.0 (CH,), 20.7 (CH3), 16.5 (CH,); IR (neat) 3025, 2246, 1670, 1590, 739 cm™'; MS (EI)
miz 163 (M*, 44), 148 (72), 121 (45), 81 (100); HRMS (EI) m/z caled for C;oH;3sNO
163.1997, found 163.1998.
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3-((2R,4R)-1-i0do-4-methyl-2-(4-(trimethylsilyl)but-3-ynyl)-6-oxocyclohexyl)propanenit
rile (7)

TMS

To a suspension of magnesium powder (1.48 g, 60.75 mmol) in THF (15 mL) was added
a solution of 4-chloro-1-trimethylsilyl-1-butyne (4.88 g, 30.38 mmol) and
1,2-dibromobutane (0.51 mL, 5.92 mmol) in THF (15 mL) with a syringe pump
(0.1mL/min). After addition, the mixture was heated to reflux for 2 h and then cooled to
-78°C. Cul (6.08 g, 31.90 mmol) and hexamethylphosphoramide (0.32 mL, 1.82 mmol)
were added. The reaction mixture was stirred for 30 min. To this mixture was added a
solution of compound 6 (1.98 g, 12.15 mmol) and chlorotrimethylsilane (3.86 mL, 30.38
mmol) in THF (3 mL) with a syringe pump followed by addition of triethyl amine (4.23
mL, 30.38 mmol). The reaction mixture was warmed to rt and stirred for 15 h. Hexane
was added and the mixture was filtered and washed with saturated NaHCOj; solution (5
mL), brine (10 mL), and then dried (MgSOQ,). Filtration through Florisol and
concentration gave crude product (3.84 g, 84 %). The crude product was used for next
step without further purification.

To a solution of Nal (4.87 g, 32.77 mmol) and the crude product (3.84 g, 10.63 mmol) in
THF (60 mL) was added a solution of m-CPBA (85 %, 5.60 g, 32.47 mmol) in THF (83
mL) dropwise at 0°C. The reaction mixture was stirred for 2 h at 0°C and then Et,O (8
mL) was added. The organic layer was washed with K,COj; solution (10 mL x 3),
Na;S,03 solution (10 mL x 3) and brine (10 mL x 3), and dried (MgSOy,). After filtration
and concentration, purification by flash chromatography (ethyl acetate/hexane 1:45)
afforded compound 7 (3.42 g, 78 %) as a yellow oil.

'H NMR (400 MHz, CDCls) ¢ 3.72 (dd, J = 14.6, 6.6 Hz, 1H), 2.97-2.87 (m, 1H),
2.79-2.70 (m, 1H), 2.67-2.51 (m, 6H), 2.22-2.13 (m, 1H), 1.80-1.72 (m, 3H), 1.48-1.38
(m, 1H), 0.90 (d, J= 7.2 Hz, 3H), 0.11 (s, 9H); ¥C NMR (100 MHz, CDCls) 6 204.1 (C),
118.4 (C), 105.6 (C), 86.5 (C), 42.3 (CH,), 37.5 (CH), 34.8 (CH,), 33.6 (CHy), 32.9
(CHy), 28.6 (CH), 19.3 (CH3), 16.9 (CH»), 15.5 (CH»), -0.1 (CH3); IR (neat) 2246, 2187,
1712, 1263, 562 cm™'; MS (EI) m/z 415(M", 40), 288 (100), 262 (60), 189 (65), 127 (78) ;
HRMS (EI) m/z calcd for C7H6INOSi 415.0828, found 415.0830.

3-((Z,3aR,5R,7aS)-octahydro-5-methyl-1-((trimethylsilyl)methylene)-7-oxo-1H-inden-7a
-yl)propanenitrile (8)
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To a refluxing solution of compound 7 (1.83 g, 4.42 mmol) in benzene (267 mL) was
added Bu3;SnH (1.43 mL, 5.30 mmol) and AIBN (87 mg, 0.53 mmol) in benzene (83 mL)
with a syringe pump in a period of 6 h. After addition, the reaction mixture was heated at
reflux for 2 h, and then cooled to rt. After concentration, Et,O (25 mL) and saturated KF
solution (25 mL) were added. The mixture was stirred at rt for 4 h. Solid precipitation
was removed by filtration. The organic layer was separated and washed with saturated
NaHCO; solution (20 mL) and brine (20 mL), and dried (MgSO,). Silica gel
chromatography (ethyl acetate/hexane 1:15) gave compound 8 as a yellow liquid (818 mg,
64 %) and trace compound 18 and 19 (89 mg totally, 7 %)

'H NMR (400 MHz, CDCl3) & 5.13 (dd, J = 2.4, 2.4 Hz, 1H), 2.66-2.21 (m, 7H),
2.06-1.74 (m, 5SH), 1.63 (dd, J = 10.8, 3.6 Hz, 2H), 0.90 (d, J = 6.8 Hz, 3H); *C NMR
(100 MHz, CDCl3) & 212.1 (C), 160.5 (C), 124.3 (CH), 120.3 (C), 65.2 (C), 45.3 (CH,),
42.3 (CH), 34.6 (CH,), 30.6 (CHa), 29.9(CH), 29.4 (CH,), 29.4 (CH,), 18.9 (CH3), 13.6
(CH,), -0.7 (CHs); IR (neat) 2956, 2246, 1703, 1630, 1249 cm™'; MS (EI) m/z 289 (M,
32), 263 (78), 175 (100), 144 (45); HRMS (EI) m/z caled for Ci7H,;NOSi 289.1862,
found 289.1865.

[oa]p=-108.6" (c=1.28, CHCls)

(2S,3S,3aS,5aR,7R,9aS)-decahydro-7-methyl-3-(trimethylsilyl)-9-oxo-1H-cyclopenta[i]in
dene-2-carbonitrile (18). 50% probability was chosen for the ellipsoids in these plots.

CN
o TMS
G
@i )
iy
Identification code mr19m
Empirical formula C17 H27 N O Si
Formula weight ~ 289.49
Temperature 296(2) K
Wavelength  0.71073 A
Crystal system Monoclinic
Space group P2(1)/c
Unit cell dimensions a=7.5791(14) A =90°.
b=12.0752) A =91.904(3)°.
c=19.243(4) A =90°.
Volume 1760.1(6) A3
Z 4

Density (calculated) 1.092 Mg/m3
Absorption coefficient 0.131 mm-1

F(000) 632

Crystal size  0.65 x 0.55 x 0.30 mm3

Theta range for data collection 1.99 to 28.31°.
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Index ranges -9<h<10,-14<k<15,-21<1<25
Reflections collected 10942

Independent reflections 4155 [R(int) = 0.0240]
Completeness to theta =28.31°  95.1 %
Absorption correction  Empirical

Max. and min. transmission 0.9700 and 0.8862
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4155/0/ 181
Goodness-of-fiton F2  1.025

Final R indices [[>2sigma(I)] R1 =0.0524, wR2 = 0.1439
R indices (all data) R1 =0.0805, wR2 =0.1623
Largest diff. peak and hole ~ 0.305 and -0.222 e.A-3

Bond length data (A)

Si(1)-C(15)  1.845(3)
Si(1)-C(17)  1.852(2)
Si(1)-C(16)  1.862(2)
Si(1)-C(12)  1.890(2)
O(1)-C(4)  1.209(2)
N()-C(13)  1.139(3)
C(1)-C(13)  1.470(3)
C(1)-C(2)  1.537(3)
C(1)-C(12)  1.544(2)
C(2)-C3)  1.550(2)
C(3)-C(4) 153202
C(3)-C(8)  1.550(2)
C(3)-C(11)  1.564(2)
C4)-C(5)  1.497(3)
C(5)-C(6)  1.520(3)
C(6)-C(7)  1.516(3)
C(6)-C(14)  1.523(3)
C(7)-C(8)  1.518(3)
C(8)-C(9)  1.527(2)
C(9)-C(10)  1.509(3)
C(10)-C(11) 1.548(2)
C(11)-C(12) 1.543(2)
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Bond angle data ( ©)

C(15)-Si(1)-C(17) 110.52(13)
C(15)-Si(1)-C(16) 108.32(14)
C(17)-Si(1)-C(16) 107.59(11)
C(15)-Si(1)-C(12) 107.04(12)
C(17)-Si(1)-C(12) 108.09(10)
C(16)-Si(1)-C(12) 115.28(9)
C(13)-C(1)-C(2)  112.76(16)
C(13)-C(1)-C(12) 113.53(15)
C(2)-C(1)-C(12)  103.52(15)
C(1)-C(2)-C(3)  105.40(14)
C(4)-C(3)-C(8)  112.30(14)
C(4)-C(3)-C(2)  107.88(13)
C(8)-C(3)-C(2)  113.20(13)
C(4)-C(3)-C(11)  111.97(14)
C(8)-C(3)-C(11)  105.57(12)
C(2)-C(3)-C(11)  105.79(14)
O(1)-C(4)-C(5)  121.25(17)
O(1)-C(4)-C(3)  121.13(17)
C(5)-C(4)-C(3)  117.59(15)
C(4)-C(5)-C(6)  113.28(17)
C(7)-C(6)-C(5)  107.96(16)
C(7)-C(6)-C(14)  111.56(17)
C(5)-C(6)-C(14)  112.16(19)
C(6)-C(7)-C(8)  114.41(15)
C(7)-C(8)-C(9)  116.36(15)
C(7)-C(8)-C(3)  115.94(14)
C(9)-C(8)-C(3)  102.73(13)
C(10)-C(9)-C(8)  102.02(14)
C(9)-C(10)-C(11) 104.60(14)
C(12)-C(11)-C(10) 118.08(15)
C(12)-C(11)-C(3) 106.31(13)
C(10)-C(11)-C(3) 104.21(13)
C(11)-C(12)-C(1) 104.44(14)
C(11)-C(12)-Si(1) 121.56(12)
C(1)-C(12)-Si(1) 117.69(13)
N(1)-C(13)-C(1)  177.9Q2)

12
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(2S,3R,3aR,5aS,7S,9aR)-decahydro-7-methyl-3-(trimethylsilyl)-9-oxo-1H-cyclopenta[i]i
ndene-2-carbonitrile (19). 50% probability was chosen for the ellipsoids in these plots.

) C
Oy D)
C r_T ) o
\F

o

'H NMR (400 MHz, CDCl3) & 3.04 (dd, J = 17.6, 8.8 Hz, 1H), 2.56 (ddd, J = 13.4, 11.2,
6.4 Hz, 1H), 2.47-2.37 (m, 1H), 2.14 (dd, J = 12.6, 5.8 Hz, 1H), 2.00-1.79 (m, 5H),
1.58-1.42 (m, 4H), 1.27-1.15 (m, 1H), 1.12-1.00 (m, 1H), 0.98 (d, J = 6.0 Hz, 3H), 0.14
(s, 9H); *C NMR (100 MHz, CDCl3) & 213.6 (C), 121.4 (C), 63.9 (C), 50.4 (CH), 48.6
(CH,), 47.7 (CH), 43.9 (CH,), 37.7 (CH), 34.3 (CH,), 31.7 (CHa), 29.8 (CH), 29.7 (CH,),
28.2 (CH), 21.8 (CHs), -1.0 (CHs); IR (neat) 2245, 1712, 564 cm™; MS (EI) m/z 289 (M",
79 ), 263 (100), 159 (49); HRMS (EI) m/z caled for Ci7H,sNOSi 289.1862, found
289.1861.

Identification code jn20m
Empirical formula C17 H27 N O Si
Formula weight  289.49
Temperature 296(2) K
Wavelength  0.71073 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a=11.6687(8) A =90°.
b=12.3423(9) A =95.921(2)°.
c=12.2850(9) A =90°.

Volume 1759.8(2) A3

Z 4

Density (calculated) 1.093 Mg/m3

Absorption coefficient 0.131 mm-1

F(000) 632

Crystal size 0.7 x 0.5 x 0.4 mm3

Theta range for data collection 1.75 to 28.26°.
Index ranges -14<h<10,-16<k<15,-13<1<15
Reflections collected 10218

Independent reflections 3920 [R(int) = 0.0201]
Completeness to theta =28.26°  89.8 %
Absorption correction Empirical

Max. and min. transmission 0.98096 and 0.88685
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3920/0/ 181

13
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Goodness-of-fiton F2  1.056

Final R indices [[>2sigma(I)] R1 = 0.0463, wR2 = 0.1348
R indices (all data) R1 =0.0577, wR2 = 0.1435

Largest diff. peak and hole ~ 0.278 and -0.181 e.A-3

Bond length data (A)
Si()-C(13)  1.842(2)
Si(1)-C(15)  1.854(2)
Si(1)-C(14)  1.863(2)
Si(1)-C(12)  1.9000(15)
O(1)-C(8)  1.2146(18)
N(1)-C(17)  1.135Q)
C()-C2)  1.543(2)
C(1-C(12)  1.548(2)
C()-C(9)  1.5713(19)
CR)-C3)  1.524(2)
C3)-C(4)  1.527(2)
CA)-C5)  1.527(2)
C(4)-C(9)  1.549(2)
C(5)-C(6)  1.5202)
C(6)-C(16)  1.527(2)
C6)-C(7)  1.530(2)
C(7)-C8)  1.491(2)
C(’8)-C(9)  1.5295(18)
C(9)-C(10)  1.5508(19)

C(10)-C(11) 1.537(2)
C(11)-C(17)  1.468(2)
C(11)-C(12) 1.5513(19)
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Bond angle data ( ©)

C(11)-C(12) 1.5513(19)
C(13)-Si(1)-C(15) 108.08(12)
C(13)-Si(1)-C(14) 111.40(15)
C(15)-Si(1)-C(14) 109.07(11)
C(13)-Si(1)-C(12) 110.53(9)
C(15)-Si(1)-C(12) 107.57(9)
C(14)-Si(1)-C(12) 110.09(8)
C(2)-C(1)-C(12)  117.72(12)
C(2)-C(1)-C(9)  104.86(12)
C(12)-C(1)-C(9)  106.14(11)
C(3)-C(2)-C(1)  104.24(12)
C(2)-C(3)-C(4)  102.57(12)
C(5)-C(4)-C(3)  117.36(13)
C(5)-C(4)-C(9)  115.22(12)
C(3)-C(4)-C(9)  102.92(12)
C(6)-C(5)-C(4)  113.78(13)
C(5)-C(6)-C(16)  111.78(15)
C(5)-C(6)-C(7)  108.39(13)
C(16)-C(6)-C(7)  109.81(14)
C(8)-C(7)-C(6)  113.28(12)
O(1)-C(8)-C(7)  121.42(13)
0(1)-C(8)-C(9)  120.74(13)
C(7)-C(8)-C(9)  117.78(12)
C(8)-C(9)-C(4)  113.25(11)
C(8)-C(9)-C(10)  108.41(11)
C(4)-C(9)-C(10)  111.98(11)
C(8)-C(9)-C(1)  111.83(11)
C(4)-C(9)-C(1)  105.44(11)
C(10)-C(9)-C(1)  105.69(11)
C(11)-C(10)-C(9) 103.41(11)
C(17)-C(11)-C(10) 112.13(13)
C(17)-C(11)-C(12) 114.07(12)
C(10)-C(11)-C(12) 103.38(11)
C(1)-C(12)-C(11) 101.80(11)
C(1)-C(12)-Si(1)  120.72(10)
C(11)-C(12)-Si(1) 116.43(9)
N(1)-C(17)-C(11) 179.3(2)
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3-((3aR,5R,7aS)-octahydro-5-methyl-1-methylene-7-oxo-1H-inden-7a-yl)propanenitrile
©

To a solution of compound 8 (847 mg, 2.93 mmol) in CH,Cl, (20 mL) was added
dropwise CF;COOH (1.74 mL, 23.44 mmol). The reaction mixture was stirred for 3 h
and then neutralized with 2N NaOH. The organic layer was separated. The aqueous layer
was extracted with CH,Cl, (20 mL x 3). The combined organic layer was dried over
MgSO;. Concentration and silica gel column chromatography (ethyl acetate/hexane 1:15)
gave compound 9 as a yellow liquid (496 mg, 78 %)

'H NMR (400 MHz, CDCls) § 5.06 (dd, J = 2.4, 2.4 Hz, 1H), 4.67 (dd, J = 2.4, 2.4 Hz,
1H), 2.64-2.54 (m, 2H), 2.52-2.20 (m, 5H), 2.04-1.80 (m, 4H), 1.72-1.63 (m, 1H),
1.62-1.50 (m, 2H), 0.91 (d, J = 7.6 Hz, 3H); °C NMR (100 MHz, CDCls) § 211.7 (C),
152.1 (C), 120.0 (C), 109.9 (CHa), 62.3 (C), 45.2 (CH,), 43.1 (C), 34.3 (CH,), 30.4 (CH,),
29.5 (C), 28.8 (CH,), 19.1 (CHs), 13.4 (CHy); IR (neat) 3075, 2954, 2246, 1698, 1647
em™; MS (EI) m/z 217 (M7, 32), 191 (50), 160 (100), 26 (40); HRMS (EI) m/z calcd for
C14HoNO 217.1467 , found 217.1465.

[o]p=-37.9° (c=7.23, CHCly)

3-((3aS,5R,7aS)-octahydro-5-methyl-1-methylene-2,7-dioxo- 1 H-inden-7a-yl)propanenitri
le (10)

To a CH,Cl, (2 mL) solution of SeO, (190 mg, 1.71 mmol) was added ‘BuOOH (1.5 mL)
and compound 9 (62 mg, 0.29 mmol) dropwise at 0 °C. After 10 min, the reaction mixture
was warmed to rt and stirred for 2 days. Saturated Na,COs; was added to quench the
reaction. The mixture was extracted with Et;,O (10 mL x 3) and the combined organic
layers were washed with brine (10 mL x 3) and dried (MgSO,). After filtration and
concentration, a pale yellow oil was obtained. Then Jones oxidation was carried out. To
a solution of crude product in acetone (8 mL) was added Jones reagent (1.5 mL) at 0 °C
and stirred for 2 h. Isopropyl alcohol (3 mL) was added, and the mixture was washed
with brine (10 mL x 3) and then dried (MgSO,). After filtration and concentration,
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purification by flash chromatography (ethyl acetate/hexane 1:2) afforded compound 10
(35 mg, 52 %) as a yellow oil.

'H NMR (400 MHz, CDCls) & 6.21 (s, 1H), 5.19 (s, 1H), 2.72-2.44 (m, 4H), 2.39-1.92
(m, 6H), 1.76-1.69 (m, 1H), 1.65-1.55 (m, 1H), 0.98 (d, J = 6.8 Hz, 3H); *C NMR (100
MHz, CDCls) & 209.2 (C), 202.4 (C), 145.2 (C), 121.3 (CH,), 119.1(C), 58.7 (C), 44.8
(CHa,), 41.9 (CH,), 35.8 (CH), 35.3 (CHa), 30.2 (CH,), 28.0 (CH), 19.4 (CHs), 13.0 (CHy);
IR (neat) 2956, 2246, 1727, 1703, 1637, 1457 cm™'; MS (EI) m/z 231 (M, 17), 205 (67),
173 (100), 158 (39); HRMS (EI) m/z caled for C14H;7NO, 231.1259, found 231.1255.
[0]p=-229.6" (c = 0.49, CHCl;)

3-((1R,3aS,5R,7aS)-octahydro-5-methyl-2,7-dioxo- 1-(methyl propionatyl)-1H-inden-7a-
yl)propanenitrile (11)

To a solution of compound 10 (10.9 mg, 0.047 mmol) in Et,O (5mL) was added LiCIO4
(125 mg, 1.175 mmol) and tert-butyldimethylsilyl methyl ketene acetal (9.4 mg, 0.05
mmol). The reaction mixture was stirrd for 8 h. THF (5 mL) and HOAc solution (10%, 5
mL) was added. The reaction mixture was stirred for 24 h at rt. 1N NaOH solution was
added to neutralize the mixture. The organic layer was separated and washed with
saturated NaHCOj solution (5 mL) and brine (5 mL) and dried (MgS0Oj4). Concentration
and silica gel chromatography (ethyl acetate/hexane 1:2) gave 11 as a pale yellow liquid
(5.7 mg, 40 %)

'H NMR (400 MHz, CDCls) § 3.62 (s, 3H), 2.72 (dd, J = 12.0, 4.4 Hz, 1H), 2.69-2.62 (m,
1H), 2.50-2.47 (m, 1H), 2.39-2.33 (m, 1H), 2.30-1.96 (m, 7H), 1.86-1.43 (m, 4H),
1.34-1.20 (m, 2H), 0.98 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCl3) § 213.5 (C),
211.2 (C), 173.2 (C), 119.3(C), 58.4 (C), 56.3 (CH), 51.6 (CHs), 46.9 (CH,), 40.4 (CH),
38.5 (CHa), 33.4 (CHa), 31.7 (CH,), 30.5 (CH), 29.2 (CH,), 24.9 (CH,), 21.3 (CH3), 12.7
(CH); IR (neat) 2247, 1742, 1713, 1699, 1645, 1251, 1197 cm™'; MS (EI) m/z 305 (M,
43), 290 (66), 258 (100), 232 (44), 200 (39); HRMS (EI) m/z caled for C;7Hy;sNO,
305.1627, found 305.1626. [o]p=-198.6" (c = 0.62, CHCl;)
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di 1.000 werr
tof 560.0 wexp
nt 256 whs wift aph
ct 68 wnt
alock
gain not used
11 n
in n
dp Y
DISPLAY
sp -200.8
wp 4204.5
vs
sc [
wC 250
hzam 16.82
is 176.61
rfl 3412.1
rfp 289%.3
th 4
ins 180.000
na ph
i
o
i
i il J
L, PR | SR T S s
e T ¥ M TR T '
9 [ 5 4
- G [E———
$0.32
7.28 25.76 16.63

o pp
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~ [l ~ @ N o N - o on - ~
b = e - - o o [ - w -t
13C OBSERVEY Cove - ” mow - me~ @ ~
hid ” - - ~ e~ W R < -4 w 3
o ~ » -« ~ o~ o~ w M ™ o~ o~
o~ - - - :
exp2 stdi3g 1 l i i H
SAMPLE DEC. & VT
date Apr 1§ 2001 dfrq 400.460
;t‘i}vent .£oCi3 dn
e exp dpwr 43
ACQUISITION dof 0 O O
sfrg 100.707 dm yyy
tn Ci3 dam w
at 0.655 daf 11100
np 32768 PROCESSING O/
Sw 25000.0 b 3.0
b 13800 wtfile
bs 4 proc ft
tpwr 58 fn not used
pw .S 1 l
Al AA80.  wers
tof 2000.0 wexp vI ] 1 ‘
nt 6000 wbs wlt P i
ct 200 wnt H
alock
gain not used
11 n
in n
dp y
BISPLAY
sp -1.5
wp 23158.7
vs at
sc
we 250
hzmm 92.64
ts $go0.00
el 8760.6
rfp 7753.5
th 3
ins 1c0.000
na no ph
.
|
i
i H
| | ||
— T e R S T T T B O SR S BLAn i B oo e S S U L SRR NI A Ean I e S S o o e S R A S - =
220 200 180 150 140 120 100 8D 60 a0 20 ppm
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¥ REdtgh B8Rz 88 ERLgERE
~~ PR R R T —!i-llé.l—l-'n'
i i i i
exp! ouise secuerce stain % 7 ‘\l\LJ/'/l "\'\ku///‘ \\I‘\')/'/
~3
SAMPLE OEC. & v7
date Oct 14 00 ¢on H!
solvent coC13  aat 1]
file exp dm nan
ACOUISITION onm c
s5¢rq 399.952 omt 200
tn H1  gpwr 30
at 1 365 PROCESSING O
np 16384 1o 0.10
L] 5989 .7 wtfile
in 3300 proc 1 O/\
s 4 fn not used
tpwr 55 wmatn f
oN 7.0
a3 1 000 werr
te! 0 wexp
nt 1000  wps
(44 76 wnt
alock n DISPLAY
gain nat usec s -200.5
FLAGS L1) 4199 .3
1l roovs 80
in nosc [
ap y wC 400
ns oRo R2mm 10.80
15 279.74
rfl 3477 .1
rip 2895.7
th 2
1ns 300.000
nmn ph
-
- N
l i 48
T T T T T 1 T T T T T T T T T 7 T T i T T H T T T ¥ T 7 T T T
g B 6 5 4 3 2 1 ¢ pom
byt [ et
14 30 3874 271.67

0.0014.52
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- - ~ m - o, & - o b o~ o~
- - - ~ ™S~ w oy «© o~ “a

13C OBSERVE™ w e - new @ 2% 2 2 0=
a N - b e @ s & 2 =
o~ -t - - ' i

exp2 stdli3¢ i i 1! i

SAMPLE DEC. & VT
. date Oct 13 2000 dfrg 400.460
solvent - CDCl3 dn H1
file exp dpwr 43
ACQUISITION dof 0 O O

sfrq 100.787 dm : vyy

tn €13 dam w

at 0.635 daf 11108

np 32000 PROCESSING O/\

sw 25188.9%9 1b 3

fb 13888 wtfile

bs 4 proc 1t

tpwr 59 fn not used )

pw 6.5 [

Al 2. QA0 WRLK.

tof 2000.0 wexp r 1

at 1024 whs wit H :

ct 0 wnt H : :

alock Pl ¢

n
gain not used
FLAGS

n
tn n
dp y

OISPLAY

sp -0.1
wp 23159.4
vs§ 50
sc 2 [
we 250
hzam 92.64
is 500.00
rtl 8851.4
ctp 7753.§
th 4
ins 100.000
[ ] ph

1 B A

T LRI 0 0 G e S it e Ve T o B [ Sl S B o £ G O (G ol L S T SR 0 T 0 G T L

228 206 180 160 140 120 160 a0 60 40 20 ppm

SN S S A i e At I A St e U M T L s S




Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2007

A MDD NWNO =5
0 W N~ NN ~
W WA W WM N Bf
PR o
expl stdih | . ; [
SAMPLE DEC. & VY
date Oct 23 20060 dfrq 400.4560
solvent CDC13  dn H1
file 2 exp dpwr 43
ACQUISITION dof 0
sfrg 400.461 da nnn
n Hi ‘dma - c
at 1.363 dmf 11t08
np 16384 PROCESSING
W 6009.6 b 0.1¢
fb 3400 wtfile
‘bs 4 proc f1 O
tpwr 59 fn not used
w 6.0
51 : 1.600 werr SOQPh
tof 500.0 wexp .
nt 256 ‘wbs wft aph
ct 32 wnt
alock n
gain not used
FLAGS
n
in n
dp ¥
DISPLAY
sp -200.5
wp 4204.7
vs 20
sc 0
wC 258
hzaa 16.82
is 288.03
rfl 3417.5
rfp 2899.3
th 6
ins 100.000
nm ph
|
i I
{ i }
Pl |
| !
AN
B A e a— — R i s e —
9 8 7 6 5 3 2 1 0 ppm
g b FRmgei T
14.43 6.89 14.3114.38
21.74 14,21 14.03
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~ <
- o 23 S 2% 23R a < 2 =
13C OBSERVE - e N ez it - 2 = h
d “w )
2 z i3 388 Bl 2 3 08 =
~ et - et - i i H i
exp2 ;Stﬂlat 1 l i H i i
SAMPLE . DEC. & VT
date Oct 24 2000 dfrqg 400.46¢0
solvent cDCI3 dn H1
file exp. dpwr 43
ACQUISITION dof ]
sfrq 100.7¢7 . dm yyy
tn €13 dem w
at 0.585 daf 11100
ng 32768 PROCESSING
W 28011.2 1b 3.00 . i
b 15400  wtfile i l
b A Sproc 1t i . YT DRI OP TR Jorv e | Lo s b AR A AL At aiedas it A Ao 25 i PRIV P 3 b i Ad e nibtodid ot
¥ baaihd sty Pomiauibdarndaliiaiuirii et Ca s Logided NP b o vl Wity oYy
pw 's'.g et o L e s Lk s e i g 3
d1 3.000 werr '
tof 2000.0 wexp
nt 500 wbs wit
ct 500 wnt
alock n
gain not used
FLAGS O
:l n
n n
9p v SOQPh
DISPLAY
sp ~-0.3
wp 22151.8
vs &0
sc ]
wC 250
hzme 88.61
is 500.00
rfl 10256.9 )
rtp 7753.5 i
th 4 xz
ins 100.000 !
n& ph l
_Av v -~ L'v JwPy oee ALWA ¥ Y W44.A J" ymnp e AAV"W'.L_._._' J"'T" ‘L.Av' o ‘..A_A.“'A” AA‘;‘“AA:'A '\- 'A '.":‘AL)'A" ‘l 1. rlAL_. vk, P w . ”Au_‘ VN ‘A.A‘Avlu_.".‘ki"— & R N
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4 o o o
B ™ o>
o~ L
expl  stdih boidg
SAMPLE DEC. & VT
date Oct 12 zege dfrg 400.460
solvent CDpCI3  dn. Hi
file ; exp dpwr 43
ACQUISITION dot ]
sfrg 400.461 . dm nnn
tn Hi. dma c
at 1.363 14 11100
np 16384 PROCESSING
Sw 6069.6 . 1b 0.1
o 3400 wtfile O
bs 4 ‘proc f;
tpwr 59 fn not use
pw 6.0 CN
d1 1.000 werr
tof 500.0 wexp
nt 256 ‘wbs wit aph
ct 68 wnt
alock n
gain not used
FLAGS
1 n
in n
dp %
DISPLAY
sp -200.5
wp 4204.7
v 38 s
sc ] o
wC 250 @
hzmm 16.82 o
is 209.94 2 le
(24 3a417.5 o | ™
rip 2899.3 o | @
th 7 i 5
ins 160.000 i i
nm ph P
b
i {
it
[P
i oin
NV
H \
Fi \
!/"
i
2 7 e R S T T T ey et i =
9 8 7 6 5 4 3 2
[e— Ll R
7.3 19.84
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R
13C OBSERVE ™
©
o
-
expb ndl:c;

: SAMPLE - DEC. & VT
date Gct 12 2000 dfrg 460.460
solvent COC13  dn H1
file /export/home/~ dpwr 43
chem/cks/ccm/E~CN~~ dof ]

13c.71d  dm yvyy

ACQUISITION dmn w
sfrg 100.707 f 11108
tn ci3 PROCESSING
at 0.588 3.08
np 32768 wtftle
Sw 28011.2 proc ft
b 15300 fn not used
bs 4

-38.201
~—26.570
—26.010
+-22.835
—--16.858

—148.603
--135.853
---118.228

CN

PG VDY PR Iy ARy P ToupT OTYRII BT WIS DU D VPPl T3 U IOy oy AN

NPT
Ve

vt

WW:&‘;,“:‘**KJ, Vv by e e A o S i v
d1 3.008 wbs wit T T W
tor 2000.0 wnt |
ot 8000
ct 744
alock n
gain not used
11 n
in n
dp 1%
DISPLAY
sp -0.3
wp 22151.8
vs 26
sc
wC 250
hzmm 85.61
1s 500.00
rft 10256.8
rfp 7753.5
th 2 1
SRR SPRPRET LI T! S T - B .
|
|
J. ) J
o S e o St e SR S B B ML B L 01 S S SILA B e s S L L G R e S CRLAE AL By (AN A A S S S SN S S e SR
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o o 0o NN EBOTONWNMO NGB AN NYT AR W DN - @
- w M MO DE BTN RN MMNAD DTN ONNND O NN o o~
STANDARD 1H OBSERVE ks L b o SR S i el gl Sty B ) e o
179 TUTTUITIITITNI AT i0s
i i ! i HEN
expl stdlh Ll b ! l :
s SAMPLE DEC. & VT
date Apr.13 2001 . dfrg 400.4560
solvent coct3 dn H1
ile exp dpwr 43
ACQUISITION dof 9
sfrq 400.461 dm nan
tn H1 dam [
at 1.366 14 111080
np 16384 PROCESSING
sw 5998.8 i O
th 3400 wtfile 4
bs 4 proc t
tpwr n not used CN
pw
d1 ‘werr
tof wexp
nt whbs wit aph
ct wat
atock
gain not used
11 n
in n
dp y
DISPLAY
sp -2090.8
wp 4204.5
vs le8
114 []
we 250
hzam 16.82
is 280.583
rfl 3412.1
rfp 2899.3
th 4
ins 160.800
na ph
]
I / {
Sy
T T v ¥ T 2 T T T T T T T Y T T T ¥ T T T T T T T T T ¥ T T i T T T T 1 T T bl T L2t §
9 8 7 5 4 3 2 1
1 gt e s ——
6.83 37.01 16.62
6.18 9.01 24.34
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o~ m L3 L - = o ~ 0o
”m o - ~ N & A~ o 0 ~ M =]

13C OBSERVE @ o = " aee o it
o L [l b; ~ s o o - W N W
o - " ~ ~eos ™m ™ NN
5 3 b " i1 AR

exp2z stdldc | ; 1 i ] ;

SAMPLE DEC. & VT

date Oec 23 2008 dfrg 400.460

solvent €DbC13  dn H1

file i exp dpwr 43 O

. ACQUISITION dof ]

sfrg 180.707 dm yyy

in C13 dam . w CN

at 0.635 14 111880

np 320080 PROCESSING

Sw 25188.3 b 3.4

b 13800 wtfile

bs 4 proc ft

tpwr 59 fa not used

pw §.5

e 3888

tof 2000.0  wexp

nt 1624 whs wit

ct 10068 wnt

alock

gain not used

11 n

in n

dp y

DISPLAY

sp -0.1

wp 23158.4

ve 3

sC ]

we 2510

hzam 92.564

is 500.00

[2¢] 8846.8

rfp 7753.5

th 4

ins 100.000

nm ph

!
| i
T T PR PP e T B i A B2 i e S 0 S B e o s T S (B o me o A0 e i
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o o~ Lol
- W ~
STANDARD 1H OBSERVE o ~ et
& @ 9
: | j
expl stdih
SAHMPLE DEC. & VT
date Jun 27.2001 dfrgqg 400.45640
sclvent coci3 dn H1
tte exp dpwr 43
ACQUISITION dot o
strq 400.461 dm nnn
tn Hl dom <
at 1.366 i 4 11100
np 16384 PROCESSING
sw 5938.8 1b g.1
fb 3400 wtfile O O
bs 4 proc f;
tpwr 53 fn not use
pw 6.0 O/
a1 1.000 werr
tof 500.0 wexp
nt 256 wbs wft aph
ct 76 wnt
alock n
gain not used
FLAGS
11 [
in n
dp y
DISPLAY
sp -206.8
wp 4204.5
vs 86
sc ]
weC 250
hzmm 16.82
is 168.58
rtl 3412.1
rfp 2899.3
th 7
ins 160.000
om ph
i
!
f
/
) j -
{ f
e ) J
!
‘ I
J i W J l\_,_'_l
y——r et S aases T r——r yrnny T T R e e S B e
] 8 6 5 4 3 2
s e R e
§.13 §7.27
21.63 14.98
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- - w - oy W P~ < - - - o w
-t < L ~ ~ ~ ”» W o
13C OBSERVE - < = s "’3"_ = 0 9 wen
~
H g E E R a S ‘.(}:_2.:
- i Pl
exp2 stdi3c | | ‘ l l l l H i
SAMPLE
date May 3 2001 dfrq 460.4640
solvent cocl13 dn O O
file exp dpwr 43
ACQUISITION o
sfrq 100.707 yyy v
tn c13 v ()
at 0.855 oe
np 32768 )
(1 25008.0 1b i
fth 13800 wtfile
bs 4 .proc ft
L pE (< fa aot-usad
pw §.5
di 3.800 werr
tof 2000.0 wexp H
nt 1824 wbs wit |
ct 83 wnt |
alock n
gatn not used
FLAGS
11 0
in n
dp
DISPLAY
sp -1.5
wp 2315%.7
vE 3e
sC [}
we 250
hzam 92.64
is $08.00
rfl 8782.0
rfp 7753.5
th 4
ins 100.008

na no ph

|

| )\

7

LA e G ok N S SN AR L

220 200

LIS I S SuL e S 2 A 00 MU L ML SR ANLA HLEE AL SRR R B B
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= o o ;m - ~a
- Vo a oo
STANDARD 1H OBSERVE ~ s e ~# oo o
T o
t
expl stdth ) l ~ /I L s
SAMPLE DEC. & VT
date Jun 27 2001 dfrg 400.460
solvent Coci3 dn H1
file exp dpwr 43
ACQUISITION dof 0
sfrq 400.451 dam nnn
tn Hi dam
at 1.366 4 11100
np 16384 PROCESSING
Sw 5398.8 1b 0.1 O O
b 3408 wtfile
bs 4 proc ft
tpwr $$ fn not used
pw 6.0 O/\
d1 1.000 werr
tof 500.0 wexp
nt 256 wbs wift aph
ct 108 wnt
alock n
gatn not used
FLAGS
11 n
in n
dp y
0XISPLAY
sp ~200.8
wp 4204.5
vE 41
sc [
we 259
hzma 16.82
is 174.20
rfl 3412.1
rfp 2899.3
th 3
ins 100.000
nm ph
I}
/
Is
i
H
i
{ -
!
/ r~
r f ," /
E, J A S
} )
N L S o e S s S S S E L A A A A A — T T T
9 8 7 [ 5 4 3 2 0 ppm
" s Regesd [—
58.25 18.22
11.66 13.26
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2 = - ~ can - 2 & max H
13¢ opseave & s = = nee = 8 a%n o
- ~ s 2 ~eR @ 8 8 888 2
1 3 T3 i1} ol
expé stdlac' { i i L H b o
SAMPLE OEC. & VT
date Oct 4 2000 dfrg 400.460
solvent €dC13 dn H1
tile /export/home/~ dpwr 43
chem/cks/cca/inter~ dof (] O O
-6-COZEt-13C.f{d dm yyy
- ACQUISITION ’ dl:
sfryq 190.707 dm 11100
tn €13 PROCESSING O/\
at 0.585 1b 3
np 32768 wtftle
sw 28011.2 proc 1t
b 15488 fn not used 1
s
Ahn_ Adubil B B das ol skl sow] o papTy b A Aidihols. alvh " l..':' ‘LA"‘ .“ ‘_‘;:' Atk I l'_'l' A"“AAA-. et ded b i ol iy &
B S (igal™i s s Ydon i " A
di 3.000 wbs wit
tof 2000.0 wnt
nt 60080
ct 200
alock n
gatn not used
GS
11 n
tn n
dp y
DISPLAY
sp -0.3
wp 22151.8
vs 22
sC [
we 25¢
hzem 88.61
13 500.00
rt) 10256.9
rtp 7753.5
th 2
ins 100.000
nm ph
PR Iy N A FUTTOPRPWIY s S gl ~ Arrivioa At A i N b Ak i o A o,
Ak il e yiyivef WPl bt Y y Yo Yy g Wiy A ey ¥ o L d i N
i P
! i
i !
i
] J J | . " "
A e B o o o o e L e o o 2o s o S 0 S (A S A O S L e e e B Sy St 2 e 2 s o S A A A SRR
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VIS OO NGNS o W W KoY e
M A O NN = o NV Mo O BN n
STANDARD IH OBSERVE fuaennvas & waunna e
i i i
expl stdih I\l; I\I;J.;“;J/J ! 1\5,1 U’ e 1,\ o
SAMPLE BEC. & VT
date Jun 26 2001 dfrg 400.460
solvent CoC13 dn H1
fite ) exp dpwr 43
ACQUISITION dof ]
sfrq 400.461 . dm nan
tn H1 dam [
at 1.366 daf 11100
np 16384 PROCESSING
sw 5898.8 8.1 O
b 3400 wtfile
bs 4 proc ft
tpwr 59 fn not used So2ph
pw 6.0
di 1.000 werr
tof 500.0 wexp
nt 256 whbs wft aph
ct 0 wnt
alock n
gain not used
FLAGS
1 n
in n
dp y
pIseLAY
sp ~200.8
wp 4204.5
vs 21
sc []
we 250
hzem 16.82
is 257.88
rfl 3412.1
rrp 2699.3
th s
ins 108.000
na ph
) {
7 !
5 7} ~ -
r) , [ r)og
J = J i g J
* !
P L J i N, J ‘_-—J L
L S B S o o (e B e s E B S S s S T B e e e T o
9 8 7 6 5 4 2 0 ppa
[ [ —— e i —
1z.01 §.63 12.68 12.91
18.79 12.57 24.
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- @» w W mw - oo ~ - w Mmoo
o m M WL ; e~ ~N o~ ~ ”m O D D
13C OBSERVE w a N =S o a9 % < s 8
- ~ @ WM N ~ e~ W hed o v oo N
= < n Mmoo ~e o~ w ~ &N
- - LR I e I ‘ E 8 i H
exp2 stdi3c | i Pt ! E : 4
SAMPLE DEC. & VT
date Aug 18 2000 dfrg 400.460
solvent €oci13  dn H1
{le i exp dpwr 43
ACQUISIYION dof [
sfrg 100.707 dm X yyy
tn Cl3 dmm w
at 0.635 dmf 11100
np 3240090 PROCESSING i
Sw 25188.9 3.0 }
fb 13800 wifile i
bs 4 ‘proc Tt i
tpwr 53 fn not used i
pw 6.5
.5} LA D0R__werr - -
tof 2000.0 wexp ’
nt 1024 wbs wit H
ct 244 wnt i !
alock ! i :
gain not used | i
i1 n
in n O
dp y
DISPLAY
. ot SO,Ph
wp 23159.4
vs S0
sc (]
we 250
hzmm 82.64
is 500.00
rty 8854.5
rfp 7753.5
th 4
ins 100.000

nm no ph
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o i w M el
- wy o A
STANDARD 1H OBSERVE * e "
i
expl stdih l/‘
SAMPLE DEC. & VT
date Jun 26 2001 dfrgq 4080.456¢0
solvent copci3 n H1
ile ex dpwr a3
ACQUISITION dot 0
sfrqg 400.461 dm nnn
tn H1 dmm [
at 1.366 dmf 11100
np 16384 PROCESSING
- sifacs ) 0 o)
b 3408 wtfile
bs 4 proc Tt
tpwr 59 fn not used
pw 6.0 .
di 1.000 werr
tof $80.0 wexp
nt 256 wbs wft aph
ct 8 wnt
alock
gat not used
11 n
in n
dp Y
DISPLAY
sp -200.8
wp 4204.5
vs
sc o
we 258
hzam 16.82
is 115.5§
rfl 3411.4
rfp 2899.3
th
ins 100.000
nm ph
e
/
/
g _// J[
A )l JVA} an? -A._)
¥ T T T i M T T T T T T ¥ T v T T T T T T T T S T T ¥ T T T v T T T T T T
9 a8 6 5 4 3 2 d@ ppm
Baed g bapkegid
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w - © w L) -~ n o e
- - - o ;N
13C OBSERVE N " < a A2a 23 R
g B ¢ 3 nne 8 2233
s = : 2 115 P T
expl ndl!c| ! } i g
SAMPLE DEC. & VT
-date Jun 14 2001 dfrg 400.460
solvent CDCI3 dn H1
ftile /export/home/~ dpwr 43
chem/cks/Ikm/HvK-1~ dof ] O O
.7id ds yyy
ACQUISITION dam w
strg 180.787 T 11108
tn c13 PROCESSING
ar 0.655 3.
np 32768 wifile
sw 25060.8 proc ft
b 13800 Tn not used
bs a | ) |
tpwr S8 __merc
pw 6.5 wexp : ! I 1
i 3.800 whs wit o
tof 2000.0 wnt i
nt 56680
ct [}
alock
gain not used
FLAGS
1 n
in n
dp y
DISPLAY
sp ~1.§
wp 23158.7
vs 19
s$C 0
we 250
hzmm 92.64
is 500.00
rtl 8751.4
rfp 7253.5
th 1
ins 109.0800
nam no ph
| 1 J |
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o ~ w0 <N
- R R i
STANDARD 1H OBSERVE “ e "
T 10
expl stdih p ik
SAMPLE DEC. & VT
date  Apr 1S 2001 dfrg 400.460
solvent cpC13 dan Hi
file exp  dpwr 43
ACQUISITION dot 8
sfrg 400.461 dm n
tn Hi dam c
at 1.366 \ 4 111089
np 16384 PROCESSING O
Sw 5988.8 . CN
fb 3408 wtfile
bs 4 proc Tt
tpwr 59 fn not used
pw 6.0
di 1.000 werr
tof 506.0 wexp
nt 256 wbs wft aph
ct 8 wnt
alock
gain not used
FLAGS
1 n
in n
dp
DISPLAY
sp -200.8
wp 4204.5
Vs 60
114 0
we 250
hzmm 1§.82
is 76.78%
(48] 3412.1
rfp 2899.3
th 2
ins 100.000
na ph
r
/
~
/ /
e A =
i
-
i P L S ¥y
+ . T T T T — T T T Ty T T T Y T T T T T T T v T T T ¥ T T T ¥ ¥ H : )
9 8 6 5 3 2 0 ppm
g ey —
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= § s 2 2s2 g A== 2

13C OBSERVE  ~ T < o ik = Lo
o - - - ~roa o~ PRI
o - e - ~ o~ - N NN N
~ - - - il l i ‘ 1 ' 1

exp2 stdi3c i | H i < : !

SAMPLE DEC. vT
date Dec 25 20080 dfrq 400.460
solvent cDC13 dn Hi
1le exp dpwr 43 CD
ACQUISITION dof [

sfrg 108,707 dm yyy (:Pq

tn €13 . dam o

at 0.635 dmf 11100

np 326480 PROCESSING

Sw 25184.9 [ ] 3.08

b 13880 wtfile

bs proc 1t

tpwr 9 fn not used

pw 6.5 L

41 3888 [y Ty,

tof 2000.0 wexp ‘ !

nt 1024 wbs wit i i

ct 876 wnt iy

alock

gat not used

T n

in n

dp y

DISPLAY

$p -8.1

wp 23153%.4

vE 17

sC

we 250

hzma 82.64

is 500.00

rtl 8851.4

rfp 7753.5

th 4

ins 180.000

ns ph

L

YT TR

il dee Sk S B B A B

—
220 200 180
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A e S
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2 1
SOV S U SO PO | [os——" [o—
20.30 7.16 20.63
11 13.680 25.08

< ~hv seng reaansan A
STANDARD 1H OBSERVE & L Q0«0 LA A R R X
expt stsih oL NAN I
T =7
SANPLE DEC. a VT

date Jun 26 2081 dfrq 400.460
solvent CpCla dn HL
Tils exp dpwr 43

ACQUISITION dof [}
sfrq 400.461 dm . nan
tn Hi daa
at 1.368 at- 11100
np 16384 PROCESSING
sw 5893.8 1b O
b 3400 wtfile CN
bs 4 proc ft
tpwr 53 fn not used
pw 6.0
d1 1.008 werr
tof 500.0 wexp
nt 258 whs wit aph
ct 24 wnt
alock n
gain not used

FLAGS

11 n
in n
dp y

DISPLAY
sp -200.8
wp 4204.5
v§ 61
sC [
wC 250
hzam 16.82
is 257.88
r 3412.1
rtp 2899.3
th 4
ins 160.800
ne ph

L
JF
| A

¢ e e SR Anam S S S R S S SN AN RN e e 0 AU S S S S B v
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b - © - L] - ~mewr e
4 L] - v - o W " o o g
13C OBSERVE n - - in e e A anean
B $ 3 g e 28 mESRS
~ = = =t | J [ BN
expZz stdlic H | i | ol i [ % I
. SAKPLE DEC. & VT
date Dec 27 zpoo: dfrg 400.460
solvent cocl3 dn H1
file /export/homse/~ dpwr 43 O
chem/cks/Tkm/7-mec~ dof 0 CN
n-13C.fid d= yyy
ACQUISITION dam w
sfrg 108.787 T 11100
T c13 PROCESSING
at 8.655 1b 3.oe
np 32768 wifile
Sw 25080.0° proc Tt
b 13888 fn not used
bs 4 J l
L DML 53 MEEL.
pw 6.5 wexp T [ [_I
di 3.008 wbs wit i
tof 2000.0 wnt
nt 6000
ct [
alock n
gat not used
1 n
in n
dp y
DISPLAY
sp -1.
wp 23159.7
vs 26
$C 0
we 250
hzam 92.64
1s $00.00
(48] 8751.4
rfp 7753.5
th 1
ins 100.000
na ph L L
{
| l !
) _J J i J l l }

T T

180

N B e S S S B 0 S LA SN I

60

AL i Sk 4

40

Ty

140

LA S e | LA N SN SR A R

160

LR Ak S A S Rt MU

20 ppa




Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2007

o -~ m o
bt >« M ~
o~ W AN |.‘
expl stdih | i) ]
SAMPLE DEC. & VT
date Nov 6 2800 dfrg 408.460
solvent .CbCc13 dn H1
ile exp dpwr 43
ACQUISITION dof [}
sfrg 400.451 dm ann
in HY das
at 1.363 4 111
np 16384 PROCESSING
W 6009.6 . O O
b 3400 wtfile
bs proc ft
tpwr 58 fn not used v
pw 6.0 O
d1 1.000 werr
tof 500.0 wexp
at 256 whs wft aph
ct 49 wnt
alock n
gain not used
11 n
in n
dp y
DISPLAY
$p -260.5
wp 4204.7
vs 114
1 14 0
we 2580
hzum 16.82
is 490.23
rft 3417.5
rfp 289%.3
th 6
ins 100.000
nm ph
[ i
i l i
X [ i
| ] !
| {
i
[ J ) /
A > ”
AN /'
" J L AN N N e e
T ¥ v I ¥ v T T T T T ¥ H L s Y T ] T T T ( L] L T ¥ T T T H T Y sk
g 8 6 5 a4 3 2 0 ppm
St R - [ SN} [U—
$.19 26.15 27.07
17.23 24.38




Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2007

~ - -— - o o o - o L] - - "
w -4 w n - o W < m o~ N e
13C OBSERVE “ e o ew - o @ Swa s
- F; M - ~ e - o~ m @~ -
< ~ - - ~ o~ w ~ ~ NN NN
~ - - - 1] J | i P
exp2 stdi3c | l l : Ll A
: SAMPLE OfC. & VT
date Ju) -7 2001 dfrg 400.460
solvent cocl3 dn O O
1le exp -dpwr 43
ACQUISITION daft 0 -
sfrq 100.707 dm yyy O
n Cl3 dam w
at 0.655 dm 11180
np 32768 PROCESSING
sw 25000.0 b 3.00 .
fb 13800 wtfile i
hs proc Tt 1 L
L DRl S8 LA ROL sad.
pw 6.5
d1 3.000 werr
tof 2000.0 wexp
nt 6000 wbs wit
ct 1396 wot
alock n
gain not used
11 n
in n
dp y
DISPLAY
sp -1.§
wp 23159.7
vs 46
sC 0
wC 250
hzma 82.64
1s 500.900
rfl 8749.9
rtp 7753.8
th 5
ins 100.000
nm no p J
i
i
T T T T T T L R o B i o) AL ) U i i TEARLIE 28 BLIRSLELEE SRS B L B A e S M B B B T U0 B i a0 S S St St SN L SRR A S L o A g |
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STANDARD 1H OBSERVE

—7.242

expl stdih

SAMPLE DEC. & VT
date Dec 28 2800 dfrn 400.460
solvent CDC13  dn H1
Tile . exp dpwr 43
ACQUISITION dof (]
sfrg 400.461 dm nnn
tn H1 ‘dam [
at 1.366 dmnt 11108
np 16384 PROCESSING
Sw 5398.38 0.1
th 3408 wtfile
bs 4 proc ft
tpwr 59 fn aot used
pw 6.0
d1 1.008 werr
tof 500.8 wexp
nt 256 wbs wift aph
ct 6 wnt
atock
gain not used
FLAGS
n
in n
dp y
DISPLAY
sp ~200.8
wp 4204.5
vs
sc
we 250
hzmm 15.82
is 156.68
rfl 3410.6
rfp 28%3%.3
th 7
ins 190.0080
nm cdc ph

~ N W ;o
-+ o 0 e
wn - oo
- B
1 1777

—

}
S RAY L N A S, i
T — T e T ; T —
9 8 & 5 q 3 1 0 ppm
— _ [ — gt
.07 20.87 28.71
10.53 22.36 16.46
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Ll - ~ N n oo - b w - w e m 3
- o o ~ - o N e o hed
13C OBSERVE 3 : :3: e s = » ayen o
< g $3 RRE s $ 88533 3
~ - S5 1) i {1 i
expl stdi3c | I lJ‘ L1 P E
SAMPLE DEC. & VT
date Dec 30 2008 dfrg 400.460
solvent cbC13 dn Hi
file /export/home/~ dpwr 43 O O
che-/cks/lkn/l-$?§~ dof [ ]
Et-13C-2.1 ds E yyy
ACQUISITION dam w NG
sfrg 100.7087 dmf 11168 O
tn Cc13 -PROCESSING
at 4.655 Jb 3.00
np 32763 . wtfile
Sw 25008.0 proc t
b 13800 1Tn not used
bs 4 J J
Y 7 RPN
P
pw 6.5 wexp T l l
a1 3.008 wbs wit
tof 2000.9 wnt 1
nt §000
ct 1324
alock n
gain not used
FLAGS
il n
in n
dp y
DISPLAY
sp -1.5
wp 23158.7
vs 45
sc 0
we 250
hzae 32.64
is 500.00
rtl 8749.9
rfp 7753.5
th 3
tns 108.000
ns ph
I | | i J
B LB St o 2 o S S I B S A LB R L RS L S L B LA N R I i i e o e S e T e S S R S LA B B A B v
220 200 180 160 140 120 100 aa 60 40 20 ppm
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~ o
- o
w W
- »
expl stdlh l i
SAMPLE
date Nov 7 2o@@
solvent - coe1s
Tile exp
ACQUISITION
sfrg 400.461%
tn H1 [
at 1.363 14 11100
np. - 16384 PROCESSING
:u §009.6 i 8.10
b 3408 wt e
bs proc 1 Sozph
tpwr 58 fn not used
pw $.0
d1 1.000 werr
toft 508.0 wexp
nt 256 wbs wift aph
e 48 wnt
alock n
gain not used
i1 n
in n
dp
DISPLAY
sp -200.5
wp 4204.7
vs 30
sc °
we 25¢
hzan 16.82
18 324.60
rft 3416.8
rtp 2899.3
th
ins 1060.008
nm ph
[
|
{ |
!
. ] i
]’ i i
[ j |
i ) f ' i
f a ‘ [ } i
j / EEN. J
L i il l
i i |
Ji L Vv 1 \
gy — v — T T gy Tt T
g 8 7 S 3 0 ppm
(I 5 PR [ P— . S,
uf_s‘z 5.18 11.291.48
11.33 11. 21.97
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13C OBSERVE T & 538 ER-24 s & S%<9s
4 2 B B aS [N o S SesS
o - - - i ; 1
exp2 stdil3c 4 , i 1 b
SAWPLE DEC. vT
date Nov 7 2000 dfrq 400.460
solvent CDCI3 dn H1
file exp dpwr 43
ACQUISITION dof [}
sfrq 100.787 dm yyy
tn Ci3 dmm w
at 0.585 daf 11100
np 32788 PROCESSING
Sw 28011.2 b 3.08
b 15480 wtfile
bs proc Tt :
tpwr 59 fn not used 1
pw 6.5 l
PEY 3. 000 WELE.
tof 2008.0 wexp T ]
nt 500 wbs wit
ct 180 wnt :
alock
pat not used
3
1h) n
in n ()
i DISPLAY v
sp -6.3 SOQPh
wp 22151.8
vs 40
sC
we 258
hzmm 88.61
is 500.00
rtt 18262.1
rtp 7753.5
th 5
ins 100.000
ns ph H
|
1 y A
2 ¥ B S I i B T L ALIne S o e A ELI S S S S S A ey i Y 1
200 180 160 140 120 100 80 60 40 20 ppm
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STANQARD §H DBSERVE @ {n
'+ B b g
ele

expt gpulse sequence. stdih HJ

SAMPLE DEC. 8 VT

cate Mar 7 895 .on H1 O

solvent Cocl3 dot 0

tile exp dm nnn |

ACQUISITION dim 4

strg 399.952 gaf 200

tn Hi dpwxr 30

at 3.744 PROCESSING

np 44928 wtfile

SK 5893.7 proc ft

to 3300 fn nat used e @ w

bs 4 mwath H ‘3 g “g B

tpwr 55 NN o

pu 7.0 werr ~

01 1.000 wexp l

tot 0 wbs

nt 32 wnt !

ct 8 DISPLAY

alock nosp -200.1

gain not used wp 4199 .4

FLAGS vs 193

il n sc [

in n W 400 (

dp y hisme 6.36

ns an 1S 500.00

ri} 3477.5
rép 2895.7
th 24
ins .100.000
nm  cdt ph ll]llll[llll‘llll'l(ll]!lll'lll!?l
- 7.72 7.70 7.68 ppm
A
Jk AL \,,___,_,J \q._
T T T T T T ¥ T T ’ ¥ T T T ] T H T T T T T T T T T T T T i T 1 ¥ T I H T T ¥ ‘ ¥
g 8 7 ) 8 4 3 i ppm
3 L Lt g s byt
g.72 i1.88 33.45
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13C OBSERYE

eip2 gulse sequence. stdi3c

SAMPLE DEC. & VT
date Mar 7 95 Ba Hy O
sclvent £0Cl3. gat 0
file exp o yyy l
ACOUISITION orn H
sfrq 1060.577 onf 9900
tr €13 20w 39
at 1.199 PROCESSING
no 59968 1o 1.00
bH 8 in rot ysed
towe 55 matin f
L 8.7
5] 2.000 werp
tof 0 wexp
nt 100G wbs
ct 24 wnt
aleek n DISPLAY
gain not used sp -0.4
FLAGS wp 20314.8
il novs 63
n n o sc 0
dp y wc 400
nn nzem 80 .29
rfl 10684.5
rip 7744 0
th 10
s 1.000 a °
ae a9 pr 2 i 2
] b -
. i & S
- N
8 &
-
© o -
-~ (=]
@ 5 Ree
:'_’: =
il
i’lY:ITI‘l-!Y!ll'l‘V|llZ:|Y‘§|rll! !Illlgl%l!'tlll:lll-l( Ix IIII s1|l.lh(5!]1.l!
180 160 140 12 100 8¢ 60 40 20 ppm
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STANDARD iH OBSERVE

expl stdtih

SAMPLE
date Jun 26 26881
solvent cocia
file C o axp

ACQUISITION

sfry 400.461
tn Hi
at 1.368
np 18384
sw 5838.8
b 3408
bs 4
tpwr (1]
pw 6.8
di 1.008
tof 500.8
nt 256
ct ]
alock n
gain not used
11 n
in n
dp y

DISPLAY
sp -200.8
wp 4204.5
vs 49
sc [ ]
we 250
hzam 16.82
is 99.00
cfl 3412.1
rfp 2889.3
th 2
ins 188.000
na ph

DEC. & VT
dfrq 400.460
dn Hi
dpwr 43
dof [ ]
da noan
dan <
\4 11108
PROCESBING
b ¥
witfile
proc 7"t
n not used
warr
wexp
whs wit aph
wnt

—7.240
6.89¢%

CN

2.523
2.5298
2.518
2.5¢9
2.49%6
2.487
2.481)
2.476
2,459
2.448
2.436
2.423
2,202
2.182
2.147
2.147
2.108
2.09%6
2.877

.

—

(131
1.038

}

\

— T
7 6

et

6.92
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e w ~ - o o o @ - o o - o~
- ~ o ~ - ~
13C OBSERVE : : ; ﬂ === “t 22 n & &
= S " b e~ < - s a8 85
7 T i LT P17 T
exp2 stdi3c | ] | | S
SAMPLE DEC. & VT
date Jun 12 2001 dfrq 400.460
solvent CDCY3 dn Hi
Tile /export/home/~ dpwr 43
chem/cks/ixm/313C~5~ dof [ ]
g2a.tid dm yyy
ACQUYSITION dam -
sfrq 100.787 '3 111
tn Cci3 PROCESSING
at 0.655 3
np 32768  wtrile
s 25808.0  proc 7t
tb 13800 fn not used
bs 4 l i
T pwr 58 werr
pw 6.5 wexp [ { l [
d1 3.000 wbs wit
tof 2008.0 wnt
nt 5600
ct 400
alock
gain not used ()
11 n
in n
dp y (:Pq
DISPLAY
sp ~1.5
wp 23158.7
vs 12
sc (]
we 250
hzeas 92.64
13 500.00
rf) 8756.0
rtp 7753.5
th F4
ins 100.000
nm no ph l l
1 ] 1 1 1 il l 1 ‘
S S 0 S0 B B o B N BN S e 00 1 1 S L B AR S B RLEAELES LALLM SUEMILELIR SLEARLELEE BLELMELAL LA O B B i e S B B e S e L A B B A BURLAL
220 200 180 140 120 i00 aa 60 40 20 ppm
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F-1b3-

]

expi pulse sequence:” stdih

Bk O

SAMPLE 0EC. 8 VT
dgate Mar 17 98 ‘dn Hi
sclvent €oci3 aof [1]
file exp am nnn
ACOUISITION Grm €
sfrg 389.652 anf 200
tn H}  gowr 30
at 1.38% PROCESSING
np 16384 1o 0.10
5N £888.7 wtfile
fo 3300 proc te
ns 4 tn not used
tpwr %5 math t
pw 7.0
a1 1.060 werr
tot 0 wexp
nt B4D  whs
ct B wnt
alock n DISPLAY
gain nat useo sp -200.8
FLAGS wp 4199.3
il novs 28e
in n sc 0
ap ¥ wC 400
ns nn hzom 10.50 (
1s 441.75
rtl 347714
rip 2B85.7
th 32
ins 100.000 f
am cdc ph
T T ¥ ¥ { T T T I T T ‘ T T L T i T T T T ] T H T T l T T T T ¥ T T [ T T ’ ]
9 8 B 5 4 3 1 0 ppm
— et bbb b Lt o
4.28 4.36 4.85 4.56 28.87
4.27 21.43 12.16 15.70
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wn ~ ~ - o oo v - NN - o "o =
~ - & ~N =t ©
13C DBSERVE s : S &2 s z;""."!".:‘t 2a3 %
2 2 g NS z $E33NE nun T
b 7 T Poobd | et I !
exp2 stpl3c : !
SAKPLE DEC. & VvV
date Jun. 2 2881 . dfrg 488.450
solvant COC13 dn 1
tite exp dpwr 43
ACQUISITION dof. ]
sfrq 100.707 . -dm vyy
tn Cl3 dam w
at dat 11108
np PROCESSING
W 1b 3.00
b wtfile
bs proc ft
tpwr n not used
pw l
d1 MSLL N
tof wexp
nt whs wfit
ct ‘wnt i
algck
gain
11 n
in n
dp y
DISPLAY
sp -1097.1
wp 23159.7
vs 18
sC [ ]
wC 250
hzmm 92.64
is 540.08
rtl 8768.6
rfp 7753.5§
th 3
ins 189.048
na no ph l
¥
]
L o S S S o o S e S e L B ML LR A BB S RLSUSLELES SLALLEAIN BLALALELAS SLELELELEE NS SRR 5 HL i e B 0 B S I L S SR B NS AL SLALEL AL BLELALALEE ELELELRLED SNSRI TESET
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o - o «
- n N n
STANDARD iH OBSERVE ] e &
~ “wn i
L J
expé stdlh £
SAMPLE DEC. & VT
date Jul 12 2801 dfrgq 400.450
:c:lvent . €DC13  dn H1
le exp ‘dpwr 43
ACQUISITION dof ] CN
sfrg 400.461 da ann
tn Hi ‘dam € TMS
at 1.368 daf 11100 O
np 16384 PROCESSING
Sw 5998.8 ‘b 0.10 - /
fb 3300 wiftle
bs 4 proc ft
tpwr 59 fn not used
pw 6.0
dl 1.080 werr
tof $00.0 wexp .
nt 256 wbs wft aph H
ct 76 wnt
alock
gain not used
FLAGS
11 n
in n
dp y
BISPLAY
sp -200.8
wp 4204.5
ve 160
sc
weC 250
hzan 16.82
is 396.52
rfl 3412.1
rfp 2899.3
th 5
ins 100.000
nm cdc ph
el -
/ /
34 ,/
i H
; /
i 4 [
/ / j
/ ‘ { /
[ /
i / i i
J o3 4 J S &
T I A T N (S H s i G ri: Cles. i M G codtn R T
] 8 7 [ S 4 3
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g ol Lo 0n o N wy ~ fd - "
< 4 » w - o o o~ W - ~ ~N
13% OBSERVE - €8 b " e " meo 9 = =
o~ =3 - = ~ o w o~ < " =
- “ o~ o~ ~ o 3 -~ - - [}
£ = - - i xJ | i i i i
expa stdi3c i | S ! o
SAMPLE DEC
date Jul 12 200i dfrg 400.460
solvent . EDCI3 dn Hl
file exp dpwr 43
ACQUISITION doft [ ]
sfrq 100.707 dnm yyy
tn €13 dmm W
at 0.655 .dmf 11160
np 327568 PROCESSING
Sw 25000.0 b 3.00
Te 13800 wtfile ; | i )
] 4 oc¢ T H }
e S ks J | | A
pw s.5 l 1
di 3.088 werr . &
tof 2000.0 wexp
nt 6cep  wbs wit
ct 1032 wnt
alock
gatl not used
11 0
in n CN
dp y
DISPLAY TMS
sp -354.8 O
wp 23159.7 /
Vs 35
$cC 0
we 250
hzam 1.46
is 500.00
rfl 8748.4
rfp 7753.5
th H
ins ipg.p0d
nm no .
w »n
o 4
1
': <
S e
L)
¥
i
3
i
!
N
M
Do
| | y o -
Ty Ty ARt S S o o i e L M L LA B e e e I L At B L N S e e TR L T S i
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@ MmO
bt memwemna@~ e
STANDARD 1H OBSERVE o "'—'U'O'V:l‘lﬂﬂ:
~ N OO o el et ed e Ll
[ S
i Ly
expl stdih %
SAMPLE DEC. vT
date Jul 2 2001 dfrg 400.460
solvent €DC13 dn H1
file exp dpwr 43
ACQUISITION dot ]
sfrq 400.461 'da ann
tn H1 ‘dem [ NC
at 2.664 dnf 11100
np 32016 PROCESSING O TMS
Sw 6009.6 1] [}
tb 3400 wtftle
bs 4 ‘proc Tt
tpwr 59 Tn not used
pw 6.0
di 1.000 ‘werr
tof 500.0 wexp
nt 180 wbs wft aph
ct 28 wnt H
alock. n
gain not used
5
11 n
in n
dp y
DISPLAY
sp ~200.3
wp 4204.5
vs 143
sc [}
we 250
hzmm 16.82
is 233.85
rtl 3417.3
rfp 2899.3
th 4
ins 100.000
nm cdc  ph
7
[
I/ r
i H
/ / i
[ )
- O j // h
A A/r; 4/ 4 PV /
y |
FUY YO Ui W Wt A
T — + R v L ey oy A e R g R
9 8 3 2 1 0 ppm
PR I o
3.50 3.78 22.37 .25 27.18
14.73

3.30 3.67

4
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e o - PR Rk il Bl ] s

& 2 3 $2E53 k32322 3 -
136 peenve = 2 2252 535338 3 g

i G SRR NN i
exp2 | stdi3c i C o By
" SAMPLE DEC. & VT
date Jul- 8 200f dfrq 400.460
solvent COC13 dn H1
Tile /export/home/~ dpwt 43
chea/cks/1km/5033~~ dof [ ]

x.Tid dm yyy

ACQUISITION dan 4
sfrg 100.707 dmf 11100
in 13 PROCESSING
at 0.655 b 3.00
np 32768 wtfile
S 25000.90 proc Tt
b 13880 fn not used
bs 4
13 4 TY-irery
aw §.5 wexp
a1 3.000 wbs wit
tot 2000.0 wnt
nt 6800
ct 6800
alock
gain not used

s N
i} n
" : 0 - _TMS
dp v
DISPLAY

sp -5083.5
wp 2315%.7 - o
vs 45 Se
(14 [} v
we 250 0.;n
hzmm 6.48 T
is 582,00 H l H
rtl 8749.9
rfp 7753.5
th 3

ins o 100.000 ) ij J jl

B i S|

A28 ke Sk he ot ol A At Tt R At T

220 200 180 160 140 120 100 80 60 ; 40 20 ppm
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o ANBL © o
hd www A~
STANDARD 1H OBSERVE & eoe vuw
expl stdih R
SAMPLE DEC. & VT
date Jun 8 2001 dfrg 400.460
solvent - COCi3 dn H1
file exp dpwr a3
ACQUISITION dof 0
sfrq 400.461 dm E nnn CN
tn H1 dam <
at 1.366 dmf 11100
np 16384 PROCESSING
Sw 5994.8 0.1
b 3400 wifile
bs 4 .proc ft
tpwr 5% fn not used
pw 6.0
di 1.000 ‘werr
tof 500.0 wexp
nt 256 whbs wft aph
ct 80 wnt
alock n
gain not used
S
11 n
in n
dp y
DISPLAY
sp ~200.8
wp 4204.5
vs
sc
we 250
hzam 16.82
is 143.9%8
rfl 3412.8
rfp 2899.3
th 5
ins 100.000
nm ph
/
7
ol d =
[ Y
i
. ; V4 W Roan__ A
f PR ¥ o} T T N ¥ H N
9 8 5 3 2
— [ S S S
4.39 9.25 20.70 15.87
4.50 24.19 5.92

—0.920
0.901
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o~ 23 [ w N o~ -t - 0 ewnn~e w -
- o @ - - o g (2] wm wnma w o
13C OBSER¥E - ] = new = 4 anan s N
- o -, @ ~Nw o~ w < S oW L L]
- v - o NS w - < m e NN - -
N - - - l!l l [ ¢ i
exp2 stdqac l | | i
SAMPLE DEC. & VT
date Jun 9 2001 dfrg 400.450
solvent . €DC13 dn H1
file exp dpwr 43
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