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General Methods.

Rhodium(II)-catalyzed reactions were carried out with a Biotage Initiator 2.5 microwave synthesizer. IR
measurements were performed on a FTIR SHIMADZU DR-8000 spectrometer fitted with a Pike
Technologies MIRacle Single Reflection ATR adapter. 'H and >C NMR spectra were recorded on a Varian
Mercury-vx400 ('H at 400.44 MHz and "°C at 100.69 MHz) spectrometer. NMR data were obtained in
CDClIs. Proton chemical shifts were referenced to the residual proton signal of the solvent at 7.26 ppm
(CHCI3). Carbon chemical shifts were referenced to the carbon signal of the solvent at 77.0 ppm (CDCls).
High-resolution mass spectra were recorded on a Thermo Scientific Exactive (ESI and APCI) spectrometer.
Flash column chromatography was performed with silica gel 60N (Kanto) and diol-silica gel DIOL MB
100-40/75 (Fuji Silysia Chemical Ltd.). Preparative thin-layer chromatography (PTLC) was performed on
silica gel plates with PF254 inidicator (Merck). Recycling preparative HPLC was carried out on COSMOSIL
5SL-II (Nacalai) with a Japan Analytical Industry LC-9110 NEXT. Gel permeation chromatography (GPC)
was carried out with a Japan Analytical Industry LC-908.

Materials.

Chloroform (Wako, dehydrated, amylene as stabilizer) was distilled from phosphorus oxide (Wako). Toluene
(Nacalai) was used as received from the commercial sources. Rh,(Oct), (Aldrich), Cu(OAc),-H,O (Wako),
and o-aminophenol (nacalai) were used as received from the commercial sources. 3-Butyn-2-ol (5a, Aldrich),
1-ethynyl-1-cyclohexanol (Se¢, TCI), mestranol (5k, TCI) were used as received from the commercial sources.
1-(N-Sulfonyl-1,2,3-triazol-4-yl)alkanols 1a—h and 1-(N-sulfonyl-1,2,3-triazol-4-yl)cycloalkanols 3a—j were
prepared from the corresponding propargylic alcohols according to the literature procedures.''> The
analytical data of compounds lh,2 2b,3 2c,3 2f,4 3b,' and 3¢’ have already reported.

la:

IR (ATR): 3315, 2978, 1595, 1394, 1192, 1178, 1113, 1009 cm™; '"H NMR: & = 1.57 (d, J = 6.8 Hz, 3H),
2.12-2.36 (br, 1H), 2.44 (s, 3H), 5.06 (q, J = 6.4 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H),
8.05 (s, 1H); *C NMR: & = 21.7, 22.8, 62.5, 120.3, 128.5, 130.4, 132.7, 147.3, 152.1; HRMS (ESI"): Calcd
for C1,H4N;05S, M+H" 268.0750. Found m/z 268.0743.

1b:
_N
N7 *N-Ts
HO =
nPr- H

IR (ATR): 3342, 3267, 3153, 2955, 2870, 1595, 1387, 1171, 1018, 980 cm™; 'H NMR: 8 = 0.94 (t, J = 7.6
Hz, 3H), 1.31-1.55 (m, 2H), 1.74-1.91 (m, 2H), 2.36-2.68 (br, 1H), 2.45 (s, 3H), 4.89 (dd, J= 7.2, 5.6 Hz,
1H), 7.38 (d, J = 8.0 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.04 (s, 1H); °C NMR: 8 = 13.6, 18.3, 21.7, 39.0,
66.3, 120.5, 128.5, 130.3, 132.8, 147.3, 151.4; HRMS (ESI'): Caled for C;3H;sN305S, M+H' 296.1063.
Found m/z 296.1055.

1 Raushel, J.; Fokin, V. V. Org. Lett. 2010, 12, 4952.

2 Liu, Y.; Wang, X.; Xu, J.; Zhang, Q.; Zhao, Y.; Hu, Y. Tetrahedron 2011, 67, 6294.
3 Liu, P.; Shan, G.; Chen, S.; Rao, Y. Tetrahedron Lett. 2012, 53, 936.

4 Xiao, F.; Wang, J. J. Org. Chem. 2006, 71, 5789
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1c:
N’/N‘N/TS

HO_ j==

Pr” H
IR (ATR): 3298, 3101, 2968, 1593, 1393, 1379, 1194, 1177, 1024, 988 cm™; '"H NMR: & = 0.81-0.98 (m,
6H), 2.06-2.18 (m, 1H), 2.45 (s, 3H), 2.66-3.46 (br, 1H), 4.67 (d, J = 5.6 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H),
7.98 (d, J = 8.0 Hz, 2H), 8.04 (s, 1H); °C NMR: & = 16.9, 18.2, 21.6, 33.7, 71.6, 121.1, 128.4, 130.3, 132.7,
147.2, 150.2; HRMS (ESI"): Calcd for C13HsN;03S, M+H" 296.1063. Found m/z 296.1055.

1d:
N”N‘N/Ts

HO_ )=

tBu H
IR (ATR): 3263, 3103, 2968, 1389, 1196, 1177, 1057, 1024, 1016, 982 cem™; '"H NMR: § = 0.92 (s, 9H),
2.02-2.48 (br, 1H), 2.45 (s, 3H), 4.57 (s, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.02 (s, 1 H);
BC NMR: & = 21.7, 25.3, 35.3, 75.0, 121.3, 128.5 130.4, 132.9, 147.3, 149.0; HRMS (ESI"): Calced for
C14H,0N30;S, M+H" 310.1220. Found m/z 310.1211.

le:

N’/N‘N/TS
HO >=
Ph>2|‘|\/
IR (ATR): 3336, 3155, 1593, 1456, 1387, 1217, 1194, 1177, 1043, 1011, 966 cm™; '"H NMR: § = 2.44 (s,
3H), 2.44-3.16 (br, 1H), 5.98 (s, 1H), 7.29-7.43 (m, 7H), 7.87 (s, 1H), 7.96 (d, J = 8.8 Hz, 2H); °C NMR: &
= 21.7, 68.6, 121.2, 126.3, 128.2, 128.6, 130.3, 132.6, 140.8, 147.3, 150.9; HRMS (ESI"): Calcd for
C16H6N30;S, M+H" 330.0907. Found m/z 330.0897.

1f:

N’/N‘N/TS
HO_ )=
Me" Ph
IR (ATR): 3422, 3162, 1391, 1196, 1177, 1138, 1113, 1005, 986 cm™; 'H NMR: & = 1.96 (s, 3H), 2.45 (s,
3H), 2.75-3.05 (br, 1H), 7.24-7.30 (m, 1H), 7.30-7.37 (m, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.43-7.48 (m, 2H),
7.92 (s, 1H), 7.98 (d, J = 8.4 Hz, 2H); °C NMR: & = 21.7, 30.3, 71.9, 120.4, 125.0, 127.4, 128.2, 128.6,
130.4, 132.7, 145.3, 147.3, 154.4; HRMS (ESI"): Calcd for C;;HsN;05S, M+H" 344.1063. Found m/z
344.1053.

1g:
N’/N‘N/TS

HO_ j==

-Pr" Me
IR (ATR): 3422, 3123, 2966, 1593, 1385, 1192, 1178, 1092, 999 cm™; "H NMR: & =0.81-0.89 (m, 6H), 1.53
(s, 3H), 2.08-2.34 (br, 1H), 2.10 (sept, J = 6.8 Hz, 1H), 2.45 (s, 3H), 7.39 (d, J = 8.0 Hz, 2H), 7.991 (d, J =
7.6 Hz, 2H), 7.995 (s, 1H); ®C NMR: § = 16.8, 17.0, 21.7, 24.8, 37.8, 73.4, 120.3, 128.5, 130.3, 132.9, 147.2,
154.0; HRMS (ESI"): Calcd for C14HN303S, M+H" 310.1220. Found m/z 310.1211.
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Nan
d—&fw
Ts
IR (ATR): 3287, 3113, 1593, 1396, 1196, 1177, 1015 cem™; 'H NMR: 8 = 1.74-1.91 (m, 1H), 1.87-2.02 (m,
1H), 2.30-2.44 (m, 2H), 2.44 (s, 3H), 2.47-2.59 (m, 2H), 2.80-2.98 (br, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.99

(d, J = 8.4 Hz, 2H), 8.07 (s, 1H); °C NMR: § = 12.5, 21.8, 37.1, 71.8, 119.5, 128.7, 130.4, 132.9, 147.3,
153.2; HRMS (ESI"): Caled for C13H sN305S, M+H' 294.0907. Found m/z 294.0902.

3d:
N=N

HOi jk\ N=Ts

IR (ATR): 3385, 3148, 2920, 1385, 1192, 1177 cm™; 'H NMR: & = 1.48-1.77 (m, 8H), 1.96 (dd, J = 14.4,
8.4 Hz, 2H), 2.10 (dd, J = 14.8, 10.0 Hz, 2H), 2.28-2.44 (br, 1H), 2.44 (s, 3H), 7.38 (d, J = 8.0 Hz, 2H), 7.98
(d, J = 8.4 Hz, 2H), 8.00 (s, 1H); °C NMR: § = 21.77, 21.81, 29.2, 41.8, 73.4, 119.1, 128.7, 130.4, 133.0,
147.2, 156.3; HRMS (ESI"): Calcd for CsH2,N;03S, M+H" 336.1376. Found m/z 336.1371.

IR (ATR): 3487, 3130, 2895, 2843, 1593, 1389, 1194, 1178, 1013, 999 cm™; '"H NMR: § = 1.42-1.62 (m,
5H), 1.56-1.76 (m, 5H), 2.03-2.11 (m, 4H), 2.23-2.27 (br, 1H), 2.45 (s, 3H), 7.38 (d, J = 8.0 Hz, 2H), 7.99
(d, J = 8.0 Hz, 2H), 8.00 (s. 1H); >°C NMR: § = 21.6, 21.8, 24.5, 28.0, 36.5, 73.1, 119.6, 128.7, 130.4, 133.0,
147.3, 155.0; HRMS (ESI"): Calcd for C,7H,4N305S, M+H" 350.1533. Found m/z 350.1526.

3f:
N=N

H%f/N\TS

(@)
IR (ATR): 3402, 3125, 2860, 1595, 1389, 1196, 1180, 1020 cm™; '"H NMR: & = 1.83 (d, J = 13.2 Hz, 2H),
2.17 (td, J = 12.4, 4.8 Hz, 2H), 2.46 (s, 3H), 3.79 (d, J = 11.6 Hz, 2H), 3.89 (t, J = 10.8 Hz, 2H), 7.40 (d, J =
8.0 Hz, 2H), 8.00 (d, J = 8.4 Hz, 2H), 8.03 (s, 1H); >C NMR: § = 21.8, 37.8, 63.3, 66.9, 119.5, 128.7, 130.5,
132.8, 147.5, 154.1; HRMS (ESI"): Calcd for C4HsN;0,S, M+H" 324.1013. Found m/z 324.1007.

3g:
N=N

Hoff/N\Ts

S
IR (ATR): 3400, 3153, 2980, 1591, 1391, 1194, 1184, 1020 cm™; 'H NMR: & = 2.13-2.25 (m, 4H),
2.34-2.48 (br, 1H), 2.46 (s, 3H), 2.44-2.53 (m, 2H), 3.05-3.15 (m, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.995 (d, J
= 8.0 Hz, 2H), 8.003 (s, 1H); °C NMR: & = 21.8, 23.7, 38.5, 68.1, 119.3, 128.8, 130.5, 132.8, 147.5, 154.6;
HRMS (ESI"): Caled for C14H sN303S,, M+H" 340.0784. Found m/z 340.0780.
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3h:
N=N

Hoff/N\Ts

N

|
Boc

IR (ATR): 3427, 3161, 1666, 1591, 1427, 1387, 1173, 1146, 1076, 989 cm™; "H NMR: & = 1.46 (s, 9H), 1.85
(d, J = 12.4 Hz, 2H), 2.01 (td, J = 12.0, 4.8 Hz, 2H), 2.46 (s, 3H), 3.29 (t, J = 10.8 Hz, 2H), 3.87 (br, 2H),
7.40 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 8.01 (s, 1H); °C NMR: (-60 °C) § = 22.0, 28.2, 36.1, 36.3,
38.1,39.1, 67.1,79.8, 119.5, 128.6, 130.5, 131.6, 147.8, 154.2, 154.4; HRMS (ESI'): Calcd for C1oH7N,05S,
M+H" 423.1697. Found m/z 423.1688.

3i:

N
N= *N-Ts

IR (ATR): 3256, 3169, 2980, 1591, 1452, 1389, 1192, 1178, 989 cm™’; 'H NMR: 8§ = 2.45 (s, 3H), 2.99-3.10
(br, 1H), 7.32 (td, J = 7.2, 0.8 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.41 (td, J = 7.6, 0.8 Hz, 2H), 7.61 (d, J =
7.6 Hz, 2H), 7.66 (d, J = 7.6 Hz, 2H), 7.84 (s, 1H), 7.96 (d, J = 8.4 Hz, 2H); *C NMR: 6 = 21.8, 78.3, 120.3,
120.5, 124.8, 128.5, 128.8, 129.8, 130.4, 132.7, 139.5, 146.8, 147.4, 149.9; HRMS (ESI): Calcd for
C2,HsN305S, M+H' 404.1063. Found m/z 404.1059.

cis-3j:

IR (ATR): 3362, 1389, 1192, 1177, 1005 cm™; '"H NMR: § = 1.48-1.62 (m, 1H), 1.68-1.97 (m, 5H),
2.07-2.32 (m, 3H), 2.47 (s, 3H), 3.15 (dd, J= 13.2, 3.6 Hz, 1H), 6.83 (d, J = 7.2 Hz, 2H), 6.96 (t, J = 7.6 Hz,
2H), 7.06 (tt, J= 7.6, 1.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.48 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H); ’C NMR:
d =21.0,21.7, 25.8, 27.2, 38.4, 51.8, 72.5, 120.6, 126.4, 127.7, 128.3, 128.6, 130.2, 133.2, 140.9, 146.8,
155.0; HRMS (ESI"): Calcd for CyHo4N305S, M+H" 398.1533. Found m/z 398.1521.

trans-3j:

IR (ATR): 3362, 1387, 1194, 1177, 1053, 1005 cm™; 'H NMR: = 1.43-1.58 (m, 1H), 1.72-1.85 (m, 2H),
1.86 (dd, J= 13.2, 4.4 Hz, 1H), 1.94-2.04 (m, 1H), 2.11-2.54 (m, 4H), 2.48 (s, 3H), 2.89 (dd, J = 13.2, 3.6
Hz, 1H), 6.77 (d, J = 6.8 Hz, 2H), 7.02 (t, J = 7.6 Hz, 2H), 7.12 (t, J = 7.6 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H),
7.57 (s. 1H), 7.89 (d, J = 8.8 Hz, 2H); *C NMR: 8 = 21.7, 22.7, 26.1, 28.3, 40.3, 55.2, 73.3, 122.1, 126.7,
127.7, 128.4, 128.9, 130.3, 133.2, 140.2, 147.0, 152.5; HRMS (ESI"): Calcd for C5;H24N;05S, M+H"
398.1533. Found m/z 398.1521.
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Typical Procedure for the Denitrogenative Rearrangement Reaction of 1-(/N-Tosyl-1,2,3-triazol-4-yl)-
alkanols (Table 1, entry 1). A 2-5 mL Biotage® microwave vial was charged with Rhy(Oct), (0.8 mg, 1
umol), freshly prepared 1a (53.5 mg, 0.20 mmol), and CHCI; (4 mL). The vial was capped with a Teflon
pressure cap. The reaction mixture was heated at 140 °C for 15 min under microwave irradiation. After the
reaction mixture was cooled, the solvent was removed under reduced pressure. The residue was purified by
recycling preparative HPLC (CH,Cl,) to give the product 2a (42.8 mg, 0.18 mmol, 89%).

2a:

H. T
o NP

Me)J\/J

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3109, 1680, 1657, 1574, 1354, 1167, 1151,
1090, 966 cm™; "H NMR: & = 2.13 (s, 3H), 2.42 (s, 3H), 5.45 (d, J = 8.4 Hz, 1H), 6.95 (t, J = 8.8 Hz, 1H),
7.31 (d, J=28.0 Hz, 2H), 7.73 (d, /= 8.4 Hz, 2H), 11.45 (d, J= 8.0 Hz, 1H); BC NMR: 8 =21.5,30.1, 103.2,
126.6, 130.0, 136.8, 139.7, 144.5, 200.5; HRMS (ESI"): Calcd for C;;H;4sNO;S, M+H" 240.0689. Found m/z
240.0683.

2d:

H. T
o N7

t-Bu/U\/I

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3117, 2968, 1674, 1578, 1560, 1356, 1242,
1231, 1163, 1080, 924 cm™; '"H NMR: 8 = 1.11 (s, 9H), 2.42 (s, 3H), 5.65 (d, J = 8.4 Hz, 1H), 7.05 (dd, J =
10.4, 8.4 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 11.57 (d, J = 10.4 Hz, 1H); BC NMR: &
=21.6, 26.6, 42.9, 98.7, 126.8, 130.0, 137.1, 140.7, 144.4, 208.5; HRMS (ESI"): Calcd for C;4H,)NO;S,
M+H" 282.1158. Found m/z 282.1150.

2e:

H. T
o “N7®

Ph)J\/l

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate = 100:1); IR (ATR): 3115, 1638, 1558, 1456,
1354, 1232, 1159, 1015 cm™; '"H NMR: = 2.42 (s, 3H), 6.19 (d, J = 8.8 Hz, 1H), 7.26 (t, J = 9.4 Hz, 1H),
7.33 (d, J= 8.4 Hz, 2H), 7.41-7.48 (m, 2H), 7.50-7.57 (m, 1H), 7.78 (d, /= 8.4 Hz, 2H), 7.87 (d, /= 7.2 Hz,
2H), 11.94 (d, J = 10.0 Hz, 1H); "C NMR: 8 = 21.5, 99.2, 126.7, 127.7, 128.6, 130.0, 132.8, 136.9, 137.5,
141.9, 144.5, 192.0; HRMS (ESI"): Caled for C;¢HsNO3S, M+H" 302.0845. Found m/z 302.0837.

2e’
0 H\N/Ts 0
H + H N/H
Ph Ph Ts
(9 (70:30) (E)

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate=100:1); IR (ATR): 3236, 1684, 1628, 1595,
1541, 1331, 1248, 1159, 1084 cm™; '"H NMR: (Z) & = 2.44 (s, 3H), 7.26-7.46 (m, 8H), 7.78 (d, J = 8.0 Hz,
2H), 9.68 (d, J = 3.6 Hz, 1H), 11.63 (d, J = 10.8 Hz, 1H); (E) 8 = 2.47 (s, 3H), 7.11 (d, J = 8.0, 2H),
7.26-7.46 (m, 7TH), 7.77 (d, J = 8.4 Hz, 2H), 9.42 (s, 1H); "C NMR: (Z and E) & = 21.61, 21.65, 117.2, 124.5,
126.8, 126.9, 126.9, 128.7, 129.0, 129.1, 129.3, 129.7, 130.2, 130.3, 135.1, 136.0, 136.6, 139.0, 143.4, 144.9,
145.2,189.3, 193.6; HRMS (ESI"): Caled for C;¢HsNO3S, M+H" 302.0845. Found m/z 302.0837.
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H., T
o™N"® ©
.H
ph*% . Ph)k]/fw
Me Me Ts

(4] (30:70)  (E)
It is difficult to get a large amount of 2f> due to the minor products. Therefore, only '"H NMR was shown
here. Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate=100:1); '"H NMR: (2) & = 1.93 (d, J =
1.2 Hz, 3H); 2.44 (s, 3H), 7.04 (dq, J=10.8, 1.2 Hz, 1H), 7.30-7.55 (m, 7H), 7.79 (d, J = 8.8 Hz, 2H), 11.44
(d, J=10.4 Hz, 1H); (£) 6 = 1.83 (d, /= 1.2 Hz, 3H); 2.46 (s, 3H), 6.83 (d, /= 12.0 Hz, 1H), 7.10 (dq, J =
12.0, 1.2 Hz, 1H), 7.30-7.55 (m, 7H), 7.69 (d, J = 8.4 Hz, 2H).

2g:
o H\N/Ts )O
+ . -H
i-PrV iPr ‘\]/frlxl
Me Me Ts

@ (76:24) (B

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate = 100:1); IR (ATR): 3354, 3260, 3192, 2970,
2932, 2872, 1715, 1607, 1597, 1342, 1157, 1088, 1047 cm™; '"H NMR: (Z) & = 1.02 (d, J = 6.8 Hz, 6H), 1.92
(d, /= 1.2 Hz, 3H), 2.40 (s, 3H), 2.86 (septet, J = 6.8 Hz, 1H), 6.82 (dq, J = 10.4, 1.2 Hz, 1H), 7.29 (d, J =
8.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 11.56 (d, /= 10.4 Hz, 1H); (E) 6 = 1.06 (d, J = 6.8 Hz, 6H), 1.64 (d, J
= 1.2 Hz, 3H), 2.42 (s, 3H), 3.14 (septet, J = 6.8 Hz, 1H), 7.33 (d, /= 8.0 Hz, 2H), 7.41 (dd, J=12.0, 1.2 Hz,
1H), 7.76 (d, J = 8.4 Hz, 2H), (N-H missing); °C NMR: (Z) § = 16.9, 18.3, 21.5, 36.5, 109.2, 126.6, 129.9,
137.3, 137.5, 144.1, 208.4; (E) 6 = 9.5, 19.7, 21.6, 33.7, 116.5, 130.1, 133.6, 136.8, 144.7, 203.2; HRMS
(ESI"): Calcd for C4H2NOsS, M+H" 282.1158. Found m/z 282.1150.

Me Me N’

i-Pr -Pr Ts

@ (91:9) (B

Purified by recycling preparative HPLC (CH,Cly/ethyl acetate = 100:1); IR (ATR): 3204, 3051, 2963, 1651,
1574, 1433, 1360, 1263, 1155, 1090 cm™; '"H NMR: (Z) & = 1.10 (d, J = 6.4 Hz, 6H), 2.22 (s, 3H), 2.41 (s,
3H), 2.74 (quint, J = 6.8 Hz, 1H), 6.84 (d, J = 10.8 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz,
2H), 11.64 (d, J=10.4 Hz, 1H); >C NMR: (2) § = 21.5, 23.3,27.9, 28.3, 121.7, 126.5, 129.9, 135.3, 137.4,
144.1, 202.4; HRMS (ESI"): Calcd for C14H5NO;S, M+H" 282.1158. Found m/z 282.1150.

2h:

Me Me N”

Me Me Ts

(4] (78:22)  (E)

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate = 100:1); IR (ATR): 3269, 2930, 1732, 1639,
1593, 1408, 1337, 1269, 1157, 1086 cm™; 'H NMR: (Z) & = 1.89 (d, J = 1.2 Hz, 3H), 2.16 (s, 3H), 2.42 (s,
3H), 6.78 (dq, J=10.4, 1.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.73 (d, /= 8.4 Hz, 2H), 11.41 (d, /= 10.4 Hz,
1H); (£) 8 = 1.64 (d, J= 1.2 Hz, 3H), 2.26 (s, 3H), 2.44 (s, 3H), 6.96 (d, J = 12.0 Hz, 1H), 7.35 (d, /= 8.0
Hz, 2H), 7.35-7.40 (m, 1H), 7.77 (d, J = 8.4 Hz, 2H); "C NMR: (2) = 17.5, 21.5, 28.8, 110.3, 126.6, 129.9,
136.5, 137.4, 144.2, 202.4; (E) § = 9.2, 21.6, 25.0, 118.3, 126.7, 130.2, 134.6, 136.7, 144.8, 196.5; HRMS
(EST"): Calcd for C1,H ¢NO3S, M+H" 254.0845. Found m/z 254.0841.

S7



@  ©D
Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3113, 1709, 1597, 1350, 1339, 1207, 1157,
1088, 1007 cm™; '"H NMR: (2) 8 =191 (quint, J = 7.6 Hz, 2H), 2.31 (t, J = 7.6 Hz, 2H), 2.41 (s, 3H), 2.55
(td, J=17.2, 2.0 Hz, 2H), 6.79 (s, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 10.71 (s, 1H); Bc
NMR: (2) § = 21.2, 21.5, 27.2, 39.3, 114.5, 126.7, 130.0, 131.7, 137.2, 144.3, 209.5; HRMS (ESI"): Calcd
for C13H ¢NO;S, M+H" 266.0845. Found m/z 266.0841.

4b:
o Hn™ O H
(94:6) s
(2) (E)

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3138, 2947, 1670, 1553, 1335, 1219, 1157,
1084 cm™; '"H NMR: (2) 8=1.62-1.71 (m, 2H), 1.70-1.80 (m, 2H), 2.34 (t, /= 6.8 Hz, 2H), 2.38 (td, /= 6.8,
1.2 Hz, 2H), 2.41 (s, 3H), 6.81 (dt, J=10.0, 1.2 Hz, 1H), 7.30 (d, J= 8.0 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H),
11.58 (d, J=10.0 Hz, 1H); BC NMR: (2)6=21.5,22.1,23.2,28.3,38.6,111.8, 126.6, 129.9, 137.2, 137 4,
144.2,202.4; HRMS (ESI"): Calcd for C,4H;sNOsS, M+H" 280.1002. Found m/z 280.1002.

4c:

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3274, 3115, 2922, 1651, 1566, 1346, 1258,
1167, 1142, 1092 cm™; '"H NMR: § = 1.56-1.74 (m, 6H), 2.27-2.33 (m, 2H), 2.41 (s, 3H), 2.48-2.54 (m, 2H),
6.84 (d,J=10.4 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 11.46 (d, J = 10.4 Hz, 1H); e
NMR: § = 21.5, 24.8, 30.4, 31.2, 32.4, 44.6, 116.6, 126.6, 129.9, 136.6, 137.3, 144.1, 206.6; HRMS (ESI"):
Calcd for C1sH,0NOS, M+H"™ 294.1158. Found m/z 294.1153.

4d:

0 \N/TS

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3175, 3112, 2924, 1645, 1564, 1354, 1261,
1163, 1086 cm™; '"H NMR: & = 1.37-1.60 (m, 6H), 1.65-1.74 (m, 2H), 2.38 (t, /= 6.0 Hz, 2H), 2.41 (s, 3H),
2.52 (t,J=6.4 Hz, 2H), 6.83 (d, J = 10.0 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 11.68
(d, J=10.0 Hz, 1H); BC NMR: 8 =21.6, 25.6, 26.0, 28.9, 29.9, 32.7, 39.6, 115.8, 126.6, 129.9, 137.2, 137.3,
144.1, 207.4; HRMS (ESI"): Calcd for CsH,,NO5S, M+H" 308.1315. Found m/z 308.1313.
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4e:

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3210, 2924, 1643, 1558, 1350, 1256, 1157,
1088 cm™; 'H NMR: & = 1.37-1.56 (m, 6H), 1.51-1.68 (m, 2H), 1.64—-1.82 (m, 2H), 2.32-2.45 (m, 2H), 2.40
(s, 3H), 2.51 (t, J= 6.4 Hz, 2H), 6.84 (d, J=10.4 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H),
11.72 (d, J = 10.0 Hz, 1H); BC NMR: & =21.5, 24.3, 24.6, 26.1, 27.6, 29.9, 31.0, 39.2, 117.2, 126.6, 129.9,
137.3,138.2, 144.1, 207.7; HRMS (ESI"): Calcd for C,7;H,4NO3S, M+H" 322.1471. Found m/z 322.1465.

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate =100:1); IR (ATR): 3308, 1682, 1651, 1595,
1566, 1346, 1263, 1159, 1146 cm’; '"H NMR: § = 2.41 (s, 3H), 2.46-2.51 (m, 2H), 2.71-2.75 (m, 2H),
3.68-3.76 (m, 4H), 6.89 (d, J=10.4 Hz, 1H), 7.31 (d, J= 8.0 Hz, 2H), 7.73 (d, /= 8.4 Hz, 2H), 11.42 (d, J =
10.4 Hz, 1H); °C NMR: & = 21.5, 35.0, 48.3, 66.0, 72.3, 114.5, 126.6, 130.0, 137.1, 137.8, 144.4, 204.4;
HRMS (ESI"): Caled for C14HgNO4S, M+H" 296.0951. Found m/z 296.0940.

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate=100:1); IR (ATR): 3179, 3028, 2897, 1647,
1560, 1354, 1263, 1155, 1146, 1082 cm™; "H NMR: § = 2.42 (s, 3H), 2.64-2.80 (m, 6H), 2.92-2.95 (m, 2H),
6.92 (d, J=10.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 11.48 (d, J = 10.8 Hz, 1H); °C
NMR: § = 21.5, 25.6, 32.4, 35.2, 47.5, 114.5, 126.6, 130.0, 137.0, 138.5, 144.4, 204.1; HRMS (ESI"): Calcd
for C14H gNO3S,, M+H" 312.0723. Found m/z 312.0717.

4h:

Purified by recycling preparative HPLC (CH,Cl,/ethyl acetate=100:1); IR (ATR): 3179, 2974, 2930, 1688,
1651, 1574, 1418, 1362, 1244, 1161, 1088 cm™; '"H NMR: & = 1.44 (s, 9H), 2.37-2.46 (m, 2H), 2.42 (s, 3H),
2.60-2.66 (m, 2H), 3.46-3.54 (m, 4H), 6.91 (d, J = 10.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.0
Hz, 2H), 11.47 (d, J = 10.0 Hz, 1H); "C NMR: § = 21.5, 28.3, 33.0-33.8 (br), 41.7-42.6 (br), 46.1,
47.6-48.9 (br), 80.2, 114.1, 126.6, 129.9, 137.0, 138.5, 144.4, 154.6, 204.2; HRMS (ESI"): Calcd for
C19H27N,05S, M+H" 395.1635. Found m/z 395.1630.
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4i:

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3065, 1589, 1541, 1487, 1321, 1294, 1153,
1088 cm™; '"H NMR: 8 = 2.44 (s, 3H), 7.37 (d, J = 8.0 Hz, 2H), 7.55 (t, /= 6.8 Hz, 1H), 7.64 (t, J = 6.8 Hz,
2H), 7.81 (t, J = 8.4 Hz, 1H), 7.93 (d, J = 8.4 Hz, 2H), 8.19 (d, J = 8.4 Hz, 1H), 8.50 (d, J = 8.0 Hz, 1H),
8.55(dd, J= 8.4, 5.6 Hz, 2H), 9.93 (s, 1H), (O—H missing); BC NMR: § =21.7, 105.2, 120.3, 122.8, 123.5,
124.8, 125.4, 125.7, 125.8, 127.3, 127.7, 128.4, 130.0, 132.0, 135.1, 135.9, 144.7, 165.6, 166.0; HRMS
(EST"): Caled for Co,H ;gNO3S, M+H" 376.1002. Found m/z 376.0995.

4j:

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3192, 2924, 2853, 1651, 1574, 1352, 1250,
1167, 1072, 1055 cm™; "H NMR: & = 1.32-1.46 (m, 1H), 1.66-1.80 (m, 1H), 1.90-2.13 (m, 4H), 2.35 (dd, J
=15.2, 6.0 Hz, 1H), 2.42 (s, 3H), 2.55-2.66 (m, 1H), 3.89 (d, J = 10.4 Hz, 1H), 6.95 (d, J = 10.4 Hz, 1H),
7.10 (d, J = 8.0 Hz, 2H), 7.24-7.37 (m, 5H), 7.70 (d, J = 8.4 Hz, 2H), 11.40 (d, J = 10.4 Hz, 1H), BC NMR:
0 =215, 30.1, 30.6, 32.1, 33.0, 57.5, 115.7, 126.7, 126.8, 128.1, 128.4, 129.8, 137.2, 137.4, 140.8, 144.1,
204.7; HRMS (ESI"): Calcd for C,;H4NO3S, M+H" 370.1471. Found m/z 370.1461.

Purified by preparative thin-layer chromatography (CHCls/ethyl acetate = 25:1) and recycling preparative
HPLC (Hexane/CH,Cl,/ethyl acetate=70:15:15); IR (ATR): 3179, 2926, 2856, 1645, 1568, 1360, 1259, 1167,
1150, 1086 cm™; '"H NMR: § = 1.51-1.65 (m, 1H), 1.63-1.82 (m, 2H), 1.83-1.96 (m, 1H), 2.06-2.23 (m,
2H), 2.36-2.48 (m, 1H), 2.40 (s, 3H), 2.58-2.69 (m, 1H), 3.72-3.80 (m, 1H), 6.39 (d, /= 10.8 Hz, 1H), 7.12
(d, J=17.2 Hz, 2H), 7.23-7.30 (m, 3H), 7.35 (t, /= 7.2 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 11.57 (d, J = 10.8
Hz, 1H); "C NMR: § = 21.6, 24.7, 28.5, 35.3, 44.1, 45.9, 119.9, 126.6, 126.7, 127.8, 128.8, 129.8, 137.2,
139.0, 142.9, 144.1, 206.3; HRMS (ESI"): Calcd for Cy;Hy,NO3S, M+H" 370.1471. Found m/z 370.1462.

Typical Procedure for the One-pot Synthesis of Enaminones from Propargylic Alcohols (equation 3).
A 2-5 mL Biotage® microwave vial was charged with 2-aminophenol (1.23 g, 11.3 umol), Cu(OAc),-H,0
(3.9 mg, 19.5 umol), tosyl azide (38.4 mg, 0.19 mmol), but-3-yn-2-ol (5a, 14.4 mg. 0.21 mmol), and CHCl;
(1 mL). The vial was capped with a Teflon pressure cap. The reaction mixture was stirred at room
temperature for 24 h. To the resulting green solution were added Rh,(Oct), (1.57 mg, 2 wmol) and CHCIl; (3
mL). Then, the reaction mixture was heated at 140 °C for 15 min under microwave irradiation. After being
cooled to room temperature, the resulting mixture was passed through a pad of diol silica and eluted with
ethyl acetate (50 mL). The filtrate was concentrated under reduced pressure. The residue was purified by
recycling preparative HPLC (CH,Cl,) to give the product 2a (33.8 mg, 0.14 mmol, 69%).
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(88:12)

Purified by recycling preparative HPLC (CH,Cl,); IR (ATR): 3244, 2926, 1651, 1574, 1499, 1352, 1254,
1161, 1088 cm™; 'H NMR: (2) 5 =0.98 (s, 3H), 1.22-1.56 (m, 6H), 1.98-2.14 (m, 2H), 2.14-2.26 (m, 2H),
2.32-2.48 (m, 2H), 2.42 (s, 3H), 2.52-2.60 (m, 1H), 2.81-2.89 (m, 2H), 3.77 (s, 3H), 6.63 (d, J = 2.4 Hz,
1H), 6.72 (dd, J = 8.4, 2.4 Hz, 1H), 6.82 (d, /= 10.4 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.31 (d, /= 8.0 Hz,
2H), 7.74 (d, J = 8.4 Hz, 2H), 11.38 (d, /= 10.4 Hz, 1H); BC NMR: (2)6=17.5,21.2,21.5,25.8, 26.3, 26.5,
30.0, 33.1, 39.3, 42.8, 44.8, 46.1, 55.1, 109.7, 111.6, 113.4, 126.2, 126.6, 129.9, 132.2, 136.9, 137.3, 137.6,
144.1,157.5, 207.8; HRMS (ESI"): Calcd for CogH34NO,4S, M+H" 480.2203. Found m/z 480.2192.

Procedure for the Hydrogenation Reaction of Enaminone 4c¢ Catalyzed by Pd/C (Scheme 2). A
side-arm tube equipped with a stirrer bar was charged with enaminone 4¢ (57.7 mg, 0.20 mmol) and Pd/C
(6.9 mg, 12 wt%), and ethyl acetate (3 mL). The tube was connected to a hydrogen balloon and immersed in
a dry ice/acetone bath. After ten vacuum/H,-filling cycles, the cooling bath was removed. The reaction
mixture was stirred for 24 h at 40 °C, and then, cooled to room temperature. The resulting mixture was
passed through a pad of Celite and eluted with ethyl acetate. The filtrate was concentrated under reduced
pressure. The residue was purified by preparative thin-layer chromatography (chloroform/ethyl acetate =
25:1) to give the product 6 (50.3 mg, 0.17 mmol, 86%),).

6:

IR (ATR): 3279, 2926, 1693, 1325, 1155, 1092 cm™; '"H NMR: § = 1.19-1.36 (m, 2H), 1.44-1.95 (m, 6H),
2.30-2.52 (m, 2H), 2.42 (s, 3H), 2.78-2.88 (m, 1H), 3.00 (t, J = 6.8 Hz, 2H), 5.06 (t, J = 6.8 Hz, 1H), 7.30 (d,
J=18.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H); *C NMR: 8 = 21.5, 23.3, 29.0, 29.1, 29.2, 43.5, 44.6, 51.3, 126.9,
129.7, 137.1, 143.3, 215.5; HRMS (ESI"): Caled for C;sH,,NO;S, M+H' 296.1315. Found m/z 296.1308.

Procedure for the Reaction of Enaminone 4c¢ with Ethyl Acetoacetate (Scheme 2). A side-arm tube
equipped with a stirrer bar and reflux condenser was charged with enaminone 4¢ (61.8 mg, 0.21 mmol) and
ammonium acetate (23.0 mg, 0.30 mmol). The tube was evacuated and refilled with argon three times, and
ethyl acetoacetate (34.0 mg, 0.26 mmol) and AcOH (2 mL) were added. After being heated at 140 °C for 12
h, the reaction mixture was cooled to room temperature and neutralized with 1 M NaOH aq. The aqueous
layer was extracted with ethyl acetate (2 mL x 4). The combined organic extracts were dried over Na,SO4
and concentrated under reduced pressure. The residue was purified by preparative thin-layer chromatography
(hexane/ethyl acetate = 4:1) to give the product 7 (24.5 mg, 0.11 mmol, 50%).

7:

CO,Et

IR (ATR): 2922, 1720, 1597, 1556, 1443 cm™; '"H NMR: & = 1.39 (t, J = 7.2 Hz, 3H), 1.54-1.76 (m, 4H),
1.84-1.92 (m, 2H), 2.74-2.82 (m, 2H), 2.77 (s, 3H), 3.01-3.08 (m, 2H), 4.36 (q, J = 7.2 Hz, 2H), 7.88 (s,
1H); 3C NMR: § = 14.3, 24.2, 26.3, 27.9, 32.4, 34.5, 39.4, 60.9, 122.8, 135.2, 138.6, 156.2, 166.0, 166.9;
HRMS (ESI): Caled for C14HxoNO,, [M+H]" 234.1489. Found m/z 234.1486.
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Procedure for the Reaction of Enaminone 4¢ with Guanidine (Scheme 2). To a side-arm tube equipped
with a stirrer bar and reflux condenser was charged with enaminone 4¢ (76.2 mg, 0.26 mmol), guanidine
hydrochloride (30.5 mg, 0.32 mmol) and NaOH (14.7 mg, 0.37 mmol). The tube was evacuated and refilled
with argon three times, and i-PrOH (5 mL) was added. After being refluxed at 110 °C for 24 h, the reaction
mixture was cooled to room temperature and concentrated under reduced pressure. The residue was purified
by preparative thin-layer chromatography (hexane/ethyl acetate = 1:4) to give the product 8 (26.2 mg, 0.16
mmol, 62%).

IR (ATR): 3314, 3159, 2914, 1655, 1591, 1556, 1483, 1437 cm; 'H NMR: § = 1.52-1.69 (m, 4H),
1.76-1.86 (m, 2H), 2.53-2.60 (m, 2H), 2.72-2.78 (m, 2H), 5.18 (br s, 2H), 7.92 (s, IH); °C NMR: § = 25.9,
28.3, 31.0, 32.3, 38.9, 124.9, 156.7, 161.5, 172.5; HRMS (ESI'): Calcd for CoH,4Ns, [M+H]" 164.1182.
Found m/z 164.1183.

Procedure for the Reaction of Enaminone 4c¢ with Formamidine (Scheme 2). To a side-arm tube
equipped with a stirrer bar and reflux condenser was charged with enaminone 4¢ (61.1 mg, 0.21 mmol) and
formamidine hydrochloride (84.5 mg, 1.1 mmol). The tube was evacuated and refilled with argon three times,
and pyridine (1 mL) was added. After being refluxed at 130 °C for 20 h, the reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The residue was purified by preparative
thin-layer chromatography (1st.: hexane/ethyl acetate = 1:1, 2nd.: chloroform/ethyl acetate = 100:1) to give
the product 9 (19.4 mg, 0.13 mmol, 63%).

9:°

N7 N

e

IR (ATR): 2922, 2853, 1572, 1551, 1456, 1447, 1396 cm™; 'H NMR: & = 1.62-1.75 (m, 4H), 1.84-1.95 (m,
2H), 2.71-2.79 (m, 2H), 2.94-3.02 (m, 2H), 8.37 (s, 1H), 8.89 (s, 1H); *C NMR: 8 = 25.7, 27.4, 31.9, 32.3,
39.0, 135.5, 155.5, 156.3, 171.3; HRMS (ESI"): Caled for CoH; 3N, [M+H]™ 149.1073 Found m/z 149.1074.

5 Boger, D. L.; Schumacher, J.; Mullican, M. D.; Patel, M.; Panek, J. S. J. Org. Chem. 1982, 47, 2673.
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Procedure for the Reaction of Enaminone 4c with Phenylhydrazine (Scheme 2). To a side-arm tube
equipped with a stirrer bar and reflux condenser was charged with enaminone 4¢ (69.7 mg, 0.24 mmol). The
tube was evacuated and refilled with argon three times, and phenyl hydrazine (28.9 mg, 0.27 mmol) and
EtOH (4 mL) were added. After being refluxed at 100 °C for 12 h, the reaction mixture was cooled to room
temperature and concentrated under reduced pressure. The residue was purified by preparative thin-layer
chromatography (hexane/ethyl acetate = 5:1) to give the product 9 (42.9 mg, 0.20 mmol, 85% yield, 10:1
r.r.).

10:°

(10:1)
IR (ATR): 1501, 1398 cm™; '"H NMR: & = 1.60-1.76 (m, 4H), 1.81-1.90 (m, 2H), 2.60-2.67 (m, 2H),
2.74-2.82 (m, 2H), 7.33-7.42 (m, 4H), 7.42-7.49 (m, 2H); °*C NMR: § = 25.6, 27.09, 27.15, 28.5, 31.7,
121.9, 125.4, 127.4, 128.8, 139.6, 139.9, 142.1; HRMS (ESI): Caled for Ci;H;7N,, [M+H]™ 213.1386.
Found m/z 213.1384.

Procedure for the Reaction of Enaminone 4c¢ with Hydroxylamine (Scheme 2). To a side-arm tube
equipped with a stirrer bar was charged with enaminone 4¢ (178.3 mg, 0.61 mmol) and hydroxylamine
hydrochloride (218.9 mg, 3.2 mmol). The tube was evacuated and refilled with argon three times, and MeOH
(3 mL) was added. After being heated at 70 °C for 4 h, the reaction mixture was cooled to room temperature
and neutralized with NaHCO; aq. The aqueous layer was extracted with Et;0 (4 mL x 4). The combined
organic extracts were dried over Na,SO, and concentrated under reduced pressure. The residue was purified
by preparative thin-layer chromatography (hexane/ethyl acetate = 5:1) to give the product 10 (54.3 mg, 0.40
mmol, 66%, 16:1 r.r.).

117
/ Y ~
+
(16:1)
IR (ATR): 2922, 2851, 1614, 1443, 1414 cm™; 'H NMR: & = 1.60-1.74 (m, 4H), 1.78-1.86 (m, 2H),

2.50-2.56 (m, 2H), 2.76-2.84 (m, 2H), 8.02 (s, IH); °C NMR: 8 = 23.2, 27.0, 27.2, 29.0, 31.9, 120.2, 153.6,
164.9; HRMS (APCI): Caled for CsH;,NO, [M+H]" 138.0913. Found m/z 138.0914.

6 Cho, C. S.; Patel, D. B. Tetrahedron 2006, 62, 6388.
7 Ichino, T.; Arimoto, H.; Uemura, D. Chem. Commun. 2006, 1742.
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- < “ n i - Ao 4 o

< Ll Lo e - "o W Ll m W
Relax, delay 0.700 sac o e « ok e annw o ]
Pulse 45.0 Zegreas 9 o aan o ~ e v "o
A0q. tine 1.300 sec f r/m\m\_

wWideh 24154.6 oz

111 xepatiticoa

OJGAAVE €13, 100.85910338 Kz
DECOUPLE H1, 400,4431%66 Hux
Power 40 A

continucusly on

HALTZ-16 modulated

DATA PAOCREATNG .

Line hroadening 1.0 Wz ™~
¥T miza 65336

Total time 2655790 hr, 30 ain, -B aac

_N
N” “N-Ts
_._ovNﬁ\ :
Me H
1a

JLARLISE [t B S B T e s S T M

220 200 180 160 140 120 100 80 ' &0 40 20 0 opm

L SN S A AN 100 (R AL M A 0 20 A M IR S N AN S L A 0 LN SN L B BN L SIS B S S S8 G S0 MC I 460
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T6'T

0T

STz

T ¢

060

00°¢

FA- 4

sC'z

o

P

i
1r"*“”‘\m T w‘r,_r

pomrbisiamy, ooy

pednny

T

qT

wdId

ai

id-u

H

OH

W

s|-N

9659 ©XYS LI

TH YT DUTHPEOI] eWYT
SUDTITINART ST

IR DTIOTS WIPTM

DHISIASORL YINT
our Zpg*$ wwya ‘Roy

L DESTTIN'O0P “FH  ZAKYSEO

oeF Ef ‘Oym T ewy3 [WIOL

seszlep §'EY AEING
o®s 00S°T Lwyep "xXwIeHW

qQODY-LIMOIeH
TXERA FR0IRIED

exnjeIsctesy JusyqWY

£19p0 13TvATOl

DE{-TRTIRA,

B.O1C
+~~B,838

A —7.993
7.372

7.390
F?.JSO

T.368
7.260

4,905
4,890

o AR

S16

4.388

-4,872




.vﬁnuo Lequenca: m2pul

Bolvent: odeld

Ambleat temperatura
Qperstort voarcl
Hercuxy-400D3 "Varlan-Im=

151.416
147,280
232.777
230,347
12B.30Y
130.493
77.3135
77.800
76.678
66,232
39,961
21,869
19.332
23.609

Relax. 2alay 0.700 seoc
Pulse 45.0 degraan

Aoqg, Eime 1.300 aec

wiath 24154.6 Rz

490 repevitions

OBSEAYE Cl3, 100.6910123 MMz
DECOVPLE RI, 400.4431966 3|z
Fomar 40 4D

gontimuously on

KLTZ-16 xodulated

DATA PROCREODIG

tine broadening 1.0 Mz

¥T wize 65536

Total time 1655790 hr, 30 ain, -8 sxac

—

F—11.198

N

-N "
N~ ‘N-Ts

IovNﬁ\

nPr H
1b

. ) » ! W . oo . o wH N
: e and W . : " kA S Wi tany Pertrrpae

S17
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Pulse Soquenca; e2pul

8olventi adcll
Andbleat temperature
Gporatort vmmrl
Barcury-400B3 "VarSan-1%R"
@ e m oo @ v w noa- me W e
ggg  R3% g8 i 83 L
Ralax. delay 1.500 sec @ r e 7.‘.._:.7. APM. o Jﬁ% M.W-I\M._u
Pulea 45,0 dagrees H _q L
Aoq. time 3.302 sec r J .///\\\
width £402.0 Bx
16 reperitions )
ONSERVE  H1, 400.4411632 Wiz \
DATA PROCEEITING i
Line broadening 0.3 ¥z
rr mize 63336
Total time 1 min, 32 pac
N ~
N~ (Z\._um
HO, v%ﬁ\
i-Pr H
1c
/ p \\ \
.:_r\rl.rLT %ﬁ ;rrlyyf er e
LR St atutt St St Mt s S (it el et St Al Anats S A SRt Sy M Tt Rt M T (St Rt 6 A R Sy (RS S S S S A S S A Rt |
11 10 9 8 3 2 1 0 ppm
~.~.rqu wu.. R L ] ’»Juk p\«.w.i,. «iqqu.lis
.96 1.00 1.24 1.17
2.00 1.01 .47 5.85
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hilse Sequange: s2pul

Folvent: odcll

Ambient tesperature
Oparator: vemrl
Harcury-400BR  *varisn-HAR®

o o am ot - woew 1 "noa e

. ™ n - oo w - o~ O w Q ¢ 8

nm-‘ Lo ] =3 m o Vv v - w ot

Relax, delay 0.700 sec 2 n a0 o .M 6 “ Hew
Pulss 45.0 Gegrena ax ann a8 ERRE a LR 3-]
Aoq. time 1.300 sac | & “!i»\w ﬁ

wWideh 24154.6 Rz

37 rapatitlons

ODBERYXR <C13, 100.6510267 MEx
DECOUPLE 1, 400.4431966 Mz
Fowar 40 an

oontinuously on

WALTI-16 modulated

DATA PRUCESGING

Line hroadmning 1.0 Bz 1 B
IT size 63336 : f

Total time 1655730 hr, 30 min, -0 mec

N

Z\\ (Z\._um
IovNﬁ\
i-Pr" H

1c

S19
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i
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Solvanty odcll

Ambluct temperaturoe
Cperator) vomrl
Hearcury-400D3  *Varlan+)RR="

Relax. delay 1.300 sec
Pulse (3.0 degroes

Acq. tima 3,502 aac

widrh £402.0 Hx

1€ xepstitions
oDTEAVE  Il, 400.4311634 Wiz
DATA PROCEEADIG

Line breoadening 0.2 Bz

TT size 63336

Total rima 1 min, 32 sec

.N
N~ ‘N-Ts

B.019
T7.998

I
"rem
7,393
73712

Fra3m
§

7.369
7.260
4.5%1
2.449

0.95 2.00 3.16 2.7
1.96 1.05 : 1.30
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Bolvent: ¢dell
Ambiant Yemparature

Operator: vmmrl
400; =vari -

128.346
121,308
77.315
77.000
76,679
75.023
35,337
21,743

Relax. delay 0.700 sec
Pulsa 45.0 degraes

Mqe time 1.300 sec

Width 24154.6 B3

478 raparivians

OBSBAVE <13, 100.6910175 REx
DEICOUPLE H1, 400.44)1966 Kuz
Power 40 an

continuously on

HWALTI-16 modulated

DATA PACCELSDKG

Line broadeoing 1.0 Hz

FT sire 63336

Total time 1655790 hr, 30 min, -& sec

~~148.988
“—147.272
+—132.502

130,383
/-
L
TN

N
N~ ‘N-Ts

o, )=/

tBu H
1d

P . ¢ . 3 é ; ;r._—r A ach o

5 e rhedveh i " APy o, SN A i A i
o iat | T Y o v 0 T Lo e g s ) i diet Dteaer et -

Do \int Aanl T b e \

AR ey

220 200 180 160 140 12¢ 100 80 60 40 20 0 ppm

B B B B B L O L e e R R A D i B e e et R B B B B e e
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Solvanti odcld

Ambleat temperatura
Oporator; voarl
Mercury-400BD *Varian-jRem=

Rulax.: delay 1.500 eeo
Pulpo 45.0 degrans

Azq. tima 31.502 sec

width 6402.0 Rz

16 zepetiticanm

ODSERVE 11, 400.4411630 MHE
DATA PROCEICING

Line broadening 0.2 Dz

TT siza £5528

Potal tims 1 min, 32 sec

.N
N~ “N-Ts

_._ovNﬁ\
PR H
1e

7.873
7.968
7.951
7 .BEB
7.418
7,413
7.407
7.387
7.353

/

7,360
7.370
7.364
1.358
7.350
7,346
7.4
Nen7.338
7.333
7,320
7.263
7.260
5,982
2v4d2

2.00
.00

[S— bogd [ X

7.3 1,04
1.0 3.13
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Fulse Besguence: 3ipul

Zolvent: odeld

2mdblect teperstura

Operator) vmarl
400BB  *vari

Rulax. delay 0.700 eeo
Pulse 45,0 degreas

Ang. tima 1.300 sec

¥ldeh 24134.6 Ha

235 repsritions

ODSERVE Cl3, 100.£210232 Mixz
DECOURLE RL, 400.4431966 Wiz
Fowor 40 4n

conxinucusly oo

YALTZ-16 modulated

DATA PROCEZLING

Line hroadaning 1.0 Hx

re sire 63326

Total time 1655790 kr, 30 min,

_N
N~ “N-Ts
_._ovNﬁ\
Ph H
1e

YT YYTOTT

isp.882

247.338

140.830

132.£16

130,347
128,592

ia,ﬁC£§gff

128,158
122,152

\“!-28.313

i

!—11.315
£ #m77.290

\

77.800
78.4685
68,610

L

21.564

e e e e R e e R . 1 -t

220 200

YT

180

160

”.u__q.wh.“4_

140

LI SR AR Ml B e I

120

<4ﬂ“«u~u«.._.~

100

AL

80

3
L0 SIS R SR M R I R M

&0 40

._<<~.M.“_~_,«-mqq,

20

_q<<<m,"<-14

1]

ppm
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Pulaw Baguence: sipul

Bolwest! cdold

Amblent temperatuze
Cparator: vemrl
Horcury-400nD =varlan-l2QA"

Ralax, dalay 1.300 sec
Pulse 43.0 degrees

Acg. time 3,502 mac

wWideh &§02.0 Hx

16 xepatitiocus
ORJERVE  Ri, 400,4411632 Muz
DATA PROCEISING

Line broadening 0.2 Rz

FT sizo 65536
oral tims 1 min, 32 sac

.N
N=N-Ts

_._ovNﬂ\
Me’ t.:
1f

7.983
7.922

7.468

it

2.909
2,449
14563

I
8
oy
94
.94

(LA e Tt St Stal att antes JES M S A S | AN S S St Bt S i Jetes Sniae Het A MM A Ittt bt Mt S I A A AR A

Sy et w0 B
2.0006 0.82 3.1%
1.0%80 3.13
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Pulse Gequence: sipul

Lolvant: odcl3
Anbisnt teapurature
Opozator: vnarl

Mercury-40005 “Varian-MHR* 5 P R EEILR RS Nngea " @
3 R4 gagaman LR 7 .m
- =N :.L.’!‘ ~ > Yo o L

Relax. delay 0.740 sac E] b 294395943 Teer n o

Pulee 45.0 degrees (L)) LA

Ang, tima 1,300 anc 74

Width 24134.6 ¥z

54 zopetitions
ODGXRVE €13, 100,56910252 MHEz
DECOUFLE X1, 400.4431966 MMz
Pover 40 4B

oconkinuously an

WALTZ-16 modulated
DATA FROCRSEING .
Lizs hroadaning 1,0 Iz

T alze £5528
Total time 165572 hr, 3 min, 28 sec

N

N* ‘N-Ts
_._ovNﬂ\
Me” “Ph .

1#

LAEISE S 0 AL I 2 S A L B S S 0 LN 0 S S L . A 0 B G 1 o S S S 0 S L S S (S S B S B S I B

220 200 180 180 140 120 1c0 8o 60 40 20 ] ppm
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Bolvants odcll
Anblunt teogerature
Oporator: veari

440, “varii

Aalax, dalay 1.500 sec
Pulae 5.0 Jegrees

Acq. time 3.502 sec

width £402.0 Bz

16 zepetitfons

OBZEAVE H1, 400.4411628 RRe
PBATA PROCKSSING

Zine braadening 0.2 itz

TT size 65538

Tatal tima 1 mta, 32 eec

28 aree an Fe2RS
e o904 wn e e
RHMT? 717M - o ddcdd

N .
N~ ,Z\._um
IovNﬁ\
iPr° Me
19
T o e e g e o g e 2 1 o ot e T~
11 10 8 B8 7 [ 35 4 3 2 1 0 ppm
(] by [ — "] 1y
2.8€ 3.04 3,14
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Solveat: edeld

Anbient temperaturs
Cparator; vmarl
Mexcury-4003D “Varian-HMR®

L4 ~ ®- n e "n N o WM o) - e N

- =3 ~ o non " o4 B ® - ®m W MO

< et *9= a a%%e ] ne%e-

Relax. delay 0.700 sec - - P ™ P S ~ - s v
Pulso 45.0 degzees % = nan o .~~~ " o
g, time 1,300 sac Fa\u\_ L.

Wlath 34154.6 ¥z

101 zepetitions
OBFERAVE 13, 100.5910223 ymx
DXOOUPLE M2, 400.443296€ Mz
Fowar (0 &b

oontinuously on

WALIZ-16 modulated
DATA PROCEZEING

Lina hroazdening 1.0 Bx B
T uize 65316
Total tima 1833790 hr, 30 min, -8 mac

N
N™ “N-Ts

IovNﬁ\

-Pr" Me
19

LA S S AL S S SN ARG S B ED WL SN At St St et e R S A At Sl A R D A 0 A M L N 0 L 0 B O S S B SR

220 200 180 160 140 120 100 &0 60 40 20 0 PR
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fiolvants cdeld

Ambiaot tooparaturs
Opexator: vmmrl
Harcury-4Q0DB “Varfan~JmR®

Relax. delay 1.500 sec
Pulsa 45.0 degraan

Adqg. tima 3.501 mec

width §402.0 nx

1€ repetitionz
OBSERVE  H1, 400.4411810 Mitx
DATA PROCEZEING

Lina broadaning 0,2 =x

FT alza £5518
Total time 1 min, 33 sec

ANt D ana e voooanannAdnn ey wa
CuUS® ®@www R EEEE R EEEE TR
ge%% 2799 werurMuIretantana
lld__l M-:...w NaENAa NN AN AN
pl

; i

y
N

S28

e e e el S e e R B R " orimgrensn .

T

2

S YT 3y

0.96 2.00 2.42.51 1.40
1.85 1.03 3.4 1.a5

boged
1



Pulsa dequsacer a2pul

Solvent: odold

Jablent cempersture
Cperatort vimrel
Heroury-400nD  ~Varfan-MHR*

Aslax, dalay 0.700 sac

Nulaw 45.C degrees

AQ. time 1.300 oo

Wideh 241%8,.6 nx

13952 repetiticas
QBEZRVE C13, 100.6910149 ¥E:z
PICOURLE E1, 4£00,4431966 Mix
Power 40 4D

continucusly on

HALTZ-16 modulatad
DATA PROCESSING

Line broadeaing 1.0 He

T size 65536
Total tima 581181 bhr, § =min, 20 aac

s ® amenn o o
a a8 wm @ Aeean ] 2
" ” @ v M - JZJJ-M L aan 3
< tnﬂ * >~ e r i
a5 aRn 2 Srerl a q
- £ M bad _v(./m_h
i e

%

R R B B B e B B B e B R

-1 60 ) 40 29 0

160
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Pulsn Saguance: aZpul

Folvent: <de2d
smblent tomperatire
Oparator: vmarl

riler reagent-cycloheptanol-1n sandr 2888 S&888q
Harcury-40080 *Vazisa-taa® e B R R wHdae
-m.-_l-lnmlulnl?-lm. :ﬁ_lznn’.
i § i 1 ! i
Ralax. delay L.500 uec /..N.Wn\\._ F/L\\ P/)/f/_.MaW -
Tulse £3.0 degrees " 11.0
Acq. time 3,502 mac . Jf/
Width £402.0 ¥z
16 xepetitions
ODERRVE  H1, 400,442163¢ Muz
DATA PROCESIDOR
Lins broadening 0.1 Hx
¥T size 65536
Total tima 1 min, 32 aac i~
N=N
HO s N-Ts
3d
()
on
n
s
i | \
w * __m_ {3
| g _m ,
RAW g; .»rcy U LA _r
A g S g o 1 gt gt e e — S —— e . ; : , ———r—y . grooneny posr
11 10 L] 8 7 [ 5 4 3 2 1 0 ppm
" iy Yl byl et
37 2.00 0.3 2,17



Pulse Gequence: sipul

Holvant: odcll

Ambient temperatuze

Oporator: vnarl

¥ila1 reagant-cyclahaptansl-13C

£ 3 588 2 2888 ] sis
MHercury-400D3 "Varian-J3R* ] € ans - nowvn * “in
v = PR o e rum o i
] 3 aas S EknE : 38
Relex. delay 0,700 sec L L i \M . i J
Pulse 45.0 degreox
Acq. time .00 aac .
Width 24134.6 Ex
14464 repetitiony
OBSEAVE C13, 100.5210149 HEz
DECOUPLE R1, 400.4431966 Iz
Fowar 40 4n
aontimuously on
WALTE-16 modulated ™
DATA PRGCESEXNG
Line Lhreadaning 1.0 iz
TT olze 63526
Tatal time 581181 hr, 9 min, 20 seo
N=N
HO s N~Ts
3d
_ \ \, i I
B B R R R T T B R Rt S e e B
220 200 180 160 140 120 &0 40

20
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Pulse Oequence:r sipul

Solvant: odcl3

Asbient temperature
Operatort vamrl
Horcury-400b5 *Varfan-3BR="

Ralax. delay 1.300 =ac
Fulse 45.0C dapreas

Acq. time 3.502 seo

wideh 6402.0 nx

16 repatiticos
OBSERVE  H1, 400.4411630 iz
DATA FROCEASING

Lice broadsning 0.2 ¥z
¥T size £5336
Total time 1 min, 32 sac

3e

B8.002
8.000
7.9%8
7.986

N

S7.982

7,354
7.372
7.261
—7.260

2.450
2.358
2,249
2,027

P
/s

2.05%
2.053
1.673

1,854

¥ —2.070 .

1.514

N—1,508-
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flolvant: cdold

Amblunt temparatura
Operator: vemrl

rila; 20120406~3604
Herxcury-400881 *Varian-:2m=

135.040
147,265
112.505
77.322
77.000
76.885
36,487

Relax. delsy 0,700 xec
Pulse 45.0 degraen
Aoq. time 1.300
wideh 24154,.6 2z
186896 repetitions ’
GRCFRVE C13, 100.6910134 Mz
LECOUPLX B1, 400.443196§ 1m7
Fowur 40 4B

eontinuously o

HALTZ-16 modulated

DATA PROCKRISIHG

Line broadening 1.0 Bz

¥T aize §5536

Totul tima 581131 hr, 9 min, 20 eec

132.392
~-130.413
128,700,
LTS.!IS
J—27.987
fw?d.d!l
/—21.l!l
“—21.603

-
W

Ho  NsN
NN .

3e

syl
o)

Abiomeoiesrastob SNATYSRVUTTIUI FUUTNG SYUVORTUTIN 1 ¥ SIS SRR

‘ . . p "
o 2 ) Y 4 A Wiy Yyyess t oM Loaady N 2

L ..—.Jt‘_‘.iﬂl—l-j{q]]_.j]ﬂjl}]ﬂ.

220 . 200 180 160 140 120 100 80 &0 40 20 o rRMm

u.<wM_.nw_u.-.uu._._.~4_<—w._\z_.z_.z\“iﬂ.e“\:....m,...w...__<«~._<<...—~«__WMMT_~.,.~___mﬁ._.«d...~__
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Pulse Jequenze: sipul

8olventy odcl3

Asbiant tasparature
Operatort vamrl
Harcury-40008 “Varian-pam=

Rolax, dalay 1,500 aac
Pulia 45.0 degreus

Aeq. tims 3.502 sec

width 6£02.0 Bz

16 xepatitions
OBGRRVE H1, 400.4411631 Xnz
DATA PROCEASIING

Line broadeainy 0.7 Hx
TT aize 65536
Total tima 1 =min, 32 gao

N=N
HO s N-Ts

9.031
4.02%

8,012

7.991

r
\

7.325
b 7,266

—7.408

LrlbLL.

3.918
3.0

N

P edenenen
o wu W e Vi O Y Mo
2=e3n IRAAAASs
3\-33M 3223231%

2,24 3.1% 2.20
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e wam wvp——— —mgmm

folvent: cdeld
Anblent tewperatura
opazator: vaarl

Hexcury-§00B0 *Yarian-laR®
] 2 SR3 a ass 3 2 2 8
- - ™Y~ i ™m o v @ ™ ~ L
Relax. delay 0.700 sec - « o > o e e 6 ™ ~ L
Pulma 45.0 degresa " 3 2950 a3 &> ee w e " o
Auq. tims 1.300 sec Fl, s !
Width 24154.6 He
8350 rapavitions
OBSERVE C13, 104.651013¢ Xz
DECOUTLE RH1, 400.4411965 xuz
Povar 4¢ dn
ountinvoualy on
WALTZ-16 medulated
DATA PROCEISING
Liznw broadentny 1.0 Hx
FT size £3336
Total time 581101 hr, S mim, 20 aec
N=N
HO s N-Ts
0
3f i
H
\ A - J

T

220 200

R R

180

160

140

1o00

80

60

40

2

D B B B L B B R B B Rkt ta B O S S e S S

ppm
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Pulss SBequenca: #2pul

Zolveat: odold
Ambient Lesmparature
Cpuxators wyoarl

200 avarl

Relax. delay 2,300 sac
Pulea 43.C dagraes

rog. time 3,501 seo

wWidth 6402,0 Ix

16 repetitionas

ODEERVE  RHi, 400.4411832 Az

- DAYA FROCESSING

Lice hroadening 0.2 Hx
T alze &5536
Total tima 3 min, 32 gec

N=N
HO s N=Ts

~8.003
7.985

T.406
T.d04

Lo
.

7,384
7.26¢

g
Gy
0.77

5.46 4.23
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Pulsa Saquence: A7pul

Solveat: ¢deld
2mblant temperature
Cparator: vimrl

Ner ~4008R  “Varfan-1nR= x a now o noo o - nown

bl L. SSE 8 A2t 8 b 52

4 . : .
Ralax, delay 0,700 aac m m m m m m RRE ] A AR
Pulza 45.0 degzeas r i _J \s_
Aoq. time 1.300 sec
Width 24184.6 Hx
2669 swpatitions
CRUERVE C©13, 100.6%10110 Hix
becovrix H1, 400,4431965 WHz
Power 40 A
<oRtiRucusly on
WALTZ-16 modulated
S

DATA PACCRESIHG
Iine broadening 1.0 M=

¥T sixze 65316

Yotal tims 381181 hr, 9 min, 20 aec

N=N
HO s N~Ts

o i%%%%g ;

[0 L S B A e AR A S A S L S L Bt L

LISt It A S e A (e L Il

S e e e R R

220 200 180 160 140 120 100 80 €0 40 20 0 PR

[ S o o S B AT
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Pulze Gaguence: sZpul

Dolvent: odeld

Aabient tamperatura
Operator: vomrl
Hercury-400BD "Varien-I2m"

Relex. delay 1.500 seo
Pulss &5,0 degrena

Acg. time 3.502 sac

width §403.0 Rz

16§ repatitions

QBIEAVX H1, 400.4411632 MHx
DATA PAOCREITIG

tine broadening 0,2 Ex

TT wize 85536

Total time 1 min, 31 aec

N=N
HO s NTs

Boc
3h

7,260
3.868
3,322
3.292
3,268
1,426

—28.012
17,988
Tt
7.386

S38
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E— s e brapresrd Vraoguuewd A odvaegend Loget
2.93 a.01 3.7% 2,36
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: W N=N
QU };%33} i3>1.§s p—_— w %ﬁe&% HO. s N=Ts
T L _ T L] M FT T ‘ 1 _ T T F 1 — LN L3 _ T " 1L m i: 13 _ LS L _ L

131.75 131.50 . 13¢.50 . 130.25128.7% 128,50 128.25 119.6 119.4 0 . 79.8 79.8

N L UL
154,50 15425 156,00

,“..:h__:____:___. 1 T T 930375

30.00 37.736.50  36.25  36.00 : 20.25 | 28,00 22.00
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6:\ (murakami) \funakodi\R-4t- m/xxm..uupxuushfmxaz‘.a (-8B .,.n..avnvwmsn .jdf :
;o - DFILE k-funakoshi-R-4i-6(-60) -doptl135-
. . COMNT DEPT.with decoupling
i . DATIM 12-07-2012 12:16:54
. : 0 D ORNUC 13T ! -
\. F . . . EXMOD dept.ox2
: Lo " OBFRQ - 100.53 MHz
- OBFIR- - 5.86 Hz
POINT - 65536
FREQU ™ ° ° 27654.87 Hz
SCAlS .- 800
2.3690 zec
2.0000 gec
\» _, - T B.00 usec
] - -60.0 ¢
-
: _ : - 77,00 ppm
. '0.21 He
60
f T T T T I T T T T i T T T T T T 7 T T T T T T ¥ I T T T T 1 T T T ¥ l T T lj T
200 175 150 125 100 7 50 25
G:\ {murakanmi) \funakeai\R-4N~6\k~funakoshi~R~4H-G6 {~60) ~tE~1, JAE . Lo
o DFILE. k-funakoshi-R-4l1-6({-60)-NNE-1.]c
& o n 35 8 g o » @ MZ.% % @ ©:  COMNT: zingle pulso decoupled gated HO
- < D s 2 4 < a ~ i o = © - DATIM 19-07-2012 11:15:44
- o — s ~ S . ¢ e o oBNUC 13C
S ns e, " e U 7. ¥ EXMOD single_pulse dec
OBFRQ 100.53 MHz
.. . OBFIN: . Hz
POIKRT
“ * FREQU - Hz
_ BCAHNB. :
- $ L -— o , ™ ’ " SO ,___ o » “ ' v - —, e : _ﬁ o MMOHR
f 4 T T T i ¥ T T T T T T T T I T 7 T T T T T T T 1 T U T T T T T T T PW1
200 175 150 125 100 75 50 CTEMP B
SLVNT, CDCL3
J EXREF; -
N o @ ¥ o ™~ @MW o n QM MND o ) BF
awn ~ oNw 0 0 Bk 0 - o I RGRIN
EE RS n « rhHew - HOND - 3
- SO s @ o Anmew I~ @YW 3 N
o - TqMN - 2] [l ol ol ol o MMM o~ N .
= 1= i ]



Bolveat: cdeld

Ambiant temparature
Opexator: vamrl

¥ilei resgant-fluorenol-lm_2
MHercury-40030 *Variaa-1of*

Relax. delay 1.500 sec
Pulas 45.0 degreas

Aoq. time 3.502 sec

width §402.0 Hz

16 repstitions
OBSEAVE  H1, 400.44116332 Mz
DATA PROCEEIING

Line broadening ¢,2 mx

IT size 65536
Total tima 1 min, 32 seo

N

3.273

2.431

N*N-Ts
HO =
3i
_— e )
11 10

[T RN Y]
2,07 2.20 2.3642
1.00 2.1%2.20
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xwgioog "vVarian-m=

~ Mm% G B o apr A na o n own -
oo~ “ WA AR VO MO™ n N oD -
IR N @ foMRR®aRn anae .
Relax, doloy 0.700 nec ALY & NoaAMEDwoo FEER] o
Pulze 45.0 degress uumu uunuunuwu .ﬂ.mzw.\._: "
Aoq. tims 1.300 sec J w./ o
WAdth X4354.6 nx r./r ‘M\._..L \L
1B45 repatitions - N
OBCERVE C1¥, 100.6510149 Hx
DECOUPIE H1, 400.4431366 ¥Rz
Pover 40 48
contiodeusly on
HWALTZ«16 modulated
DATA FROCEGITING
Lina broadecing 1.0 Hz L
TT aize 63536
Total tima 1655790 hr, 30 min, ~8 sec
N ‘
N”“N-Ts
HO_  >==
3i
—
<
5]
r Pebrivi bervry e e A e r{r{r.r bt At enting: oA Ay PR e .L—«; e T hy
ARLES SR U e it (o e i It et M e 1 s S i e 0 M E S e R e e 0 T LIt I 1t 2 ket M 2 L S S 2 o A i R s A S0 A 2 S S 0 S M S B S G0 B I M0 N (L S S M L 0 A
220 200 180 16¢ 140 120 1c0 80 60 40 20 0 rpm
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cuspm aoguoovms meyes

Bulvent: odcld

Asbleat temperaturs
QOperatort vamrl
Mexcury-40088 *Verlan-tuR=

” - L) - Qo D ®W W AmM n ® & 4 n - " 3‘17A

H 2 & AanenhRR EERE R ] 3 RERS
Relax. delay 0.708 asc I ° a "o aln . e o nRe e o - mHa o
Pulse 45.0 degress H E T noafyamasn re s “ A DICIR ]
acq, time 1,300 mec L ) r/WLL\‘« i
Wideh 24154.6 Hz [ r "

151 repatitiocas

QBGERVE €13, 100,6510201 kux
DECOUPLE H1, <£00.4431%66 Milx
Power 40 An

continupusly on

WALTZ-18 modulated

TATA PAOCECITIG

Line broademing 1,0 Iz B
TT site 65336

Total tims 1653790 hr, 30 min, -2 anc

‘N-Ts

Cis-3j

;
i
:
H
|

A

f B A e v e R i e S0 B S ;.u.mjum. S I S e e ___,-3._,,uq_anz___ﬂﬂ_._~._.ﬁ.‘.,mm<.._<_w-._~q

A B R S

U * 4
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Pilaw Sequancer alpul

Solvert: odelld

Ambiant temparature
Cpexator: vomxl
Hargury-d00BR  *Varian-HHR"

e - w Mme Ve N oSN MmN ownY - " nwvomn
§ 5§ % S5898c0% AEEER B 8 22881
Relax, delsy 0,700 soc o 8 nealsrdan Eanwa w e @
Pulsa 45.0 degraem " 3 J Agsianan DL Ly > TeTe
Agq. time 1.300 sec Feﬁ{r i) w/_,,L\u\_ L
width 24154.6 Bz Ty
20% xapatitions *
ODIERVE C13, 100.6910201 Mz
DEGOUPLE E1, 400,4431956 i3
Povarx 40 An
goRtinucualy on
WALTZ-1§ modulated
DATA PROCEGSING .
Line broadeaing 1.0 Hz ™
FT aize 63536 .
Total time 1655790 hr, 3¢ min, <8 zec
.N )
N~ ,Z\.ﬁm .

TR . WA L ——

ETAL IS B0 R A0 2 B i 20 Aw_._wmw.u___. AR B i e B B (M G | LA S LU S B S S S S e R

100 at 60 40 20 0 ppm

220 200 130 160 140
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Pulse Sequeace: s2pul

Salvanti: odold
Aablent tempesratura
CDeXator: vimrl

Filar ¥e.51132_Z migration_net e 1B

40081 “Varimn-iN

Aslax. delay 1.500 mec
Pulae 43.0 degrwes
Aoq. time 3,501 sec
Width £402.0 Nz

16 repetitiona °

UMIEAVE =2, 400.4413632 ¥Rz

DATA PROCESEING

Tine hroadening 0.2 e
rr eiza 55536

Total tims 1 min, 32 xec

F=11,459
\—11.439

AH®AO MmO -
AdAdawm o N . -
st an v
77Me77,mz“ non
LhLL ;

00 I BN

F 158

H, _T
o N®
_,\_m\c/\_
2a
SR
13

T

LSS ESInar St Ries S e Ttis St St At St it B s
8 7 6
i3 Sl fegd Tuged
1.9¢6 0.97
2,0 1.00

L ) ™~ ™~
M o~ D N =
“sn pis
2“32 2~“
AN
—
L
T T S T e ey g i
2 k) -0 -1 pem
—}ﬂ;«\...w,\..
1.03
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e g g

Solvent: cdeld
Asbient temperature
Qperatar: vimrl
Hezrcuzry-400D3 "Varlan-iR*
]
o

"
Relax. dulay 0.700 adc
Tulse 45.0 degrees &
Aog. btima 1,300 sec
Hidth 24154.8 tiz
12416 reperitiono
OBSEAVE €13, 100.6910186 Kz
DRCOUPLE  H1, 40D.4431366 KEz
Powur 40 4B
coatimueusly on
WALTZ-16 moduleted
DATA PROCESSING
Line broadening 1.0 Uz
¥T mize 65536
Total tima $B1181 hr,{9 min, 20 sec

H. .Ts

144.483

139.710

136,826

.

129,966

126,628

A

103,187

N

T7.315
77.000

Is
3,

~—76.678

..

30,120

21,508
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riler Ro.332_12 R _migration not tBu U 2

Harc@r4008n  ~Variaa-mme I EREEEEE R 34 g EEEEE
L SRESZRRIAAE82% g3 3 4 ddaes
B Haotay 1,500 T irssss 1y s TiiT A
Ra2Bk.] ay 1. zac 3 : §
Pulie £5.0 degrues [r/_w\\ s k ./f,/ \W\
Acq. [time 3.502 2ec g e
Wideh! 6402,0 B2 .
ie nu_ﬁoanng.-
OBZIAVE M1, 400.4411632 xRz N
TATA 1
Line 4 0.2 H=
TT slxh 65538
Total [Eime 3 min, 32 moc
v,
H. .Ts
O N
J .
tBu” N
2d '
-
J p J » _
. __E_ ) .
L e R frorg e gy ey e T T [y e s e R T
9 8 7 2 1 0 ppm
Lpd byt Lyt buged i) 3 v
.52 1.3 0.59 .08
1.87 1.00 3.0
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Oparator: vamrl
File: 30,323 42 M migration_not._tDu.13C

Horoury-400mm¥ *Varian-lme a e s og H nne 2 a 8
‘. n ©w o L ~ o a v « " n
= “ 8 v » e % w o ® o
Ralax. dalay P.700 asc Tz a9q L & b 8o
Fulse 45.0 degreen mfy\._
anq. tima 1,900 xec
Width 24156.4 Me
3315 repetitions
OBEERVE C©11, (100.6310120 Kux
DICOUPLE HL, (400.4431566 1aix
Power 40 dB8
gontinucualy on
WALTZ-16 modulated
TATA
Zine broadaning 1.0 Hx
PT ssize .uuua._
Total tima 583101 hr, § min, 20 sec
H. .Ts
O °N "
~.mc€
2d
|
il
s
i
y? b ensd AoAertahend T PTY A, e v . bl L, »-. DT TR i AT e ol " L WU LA 2 R 4 S At danl b I—L Aaad s i b LA oty VI it A
¥ o o 3 o I Mo isatainsd ! a4 Rld ke d 7 ¥ Pty 3 Lhand ¢ N o At pis Yr
AL SR S S SIS L (L B MO N M 0 0 M L N A T 0 A SN S B A A B B S S G AR B0 A S 0 0 AL At N N B S M BN L L B B L A S (I LR S L
229 200 ig¢ 160 140 120 100 80 60 40 20 ] PED
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Pulsa Saguecce: s2pul

Jolveat: odeld
Ambiant temperatura
Opsxator: vomrl
Tilet product RPR.13C
400 “vari

Aalax, dalay 0,700 saz
Pulse §5.0 Qe
A2q. time 1.300 sec

wWideh 24154.6 mx

472 xepatitivas

ODEEAVE <13, 100.8520208 HH:!
RECOUPLE 1, 400.4431965 HHx
Power &0 48

contiouously on

WAITE-16 modulatad

DATA PAOCKEIING

Line broadening 1.0 Hz

¥T wize 65536

Yotal time 1655790 hr, 30 min

0 I,Z\._.m

_us\fk

2e

182,032

;37.‘55
138.870
132.821
125.598
128,568
127733

};-ﬂl(l.si'l
rlﬂ..Q?l

.

;,’__

\—126.679

§9.178

L0 20 o 2 ok s o e 22 200 o o 0 SATR
220 200

T7.315
77.000
76.68%

,f"
o

A

21.479

A

Bt UL 0 A b st

P A A AR A

180

SALaE S (i S I e 20 S s it B

160

w._.-uu—a-ﬂw-q_«m«q~«~.~«—_-w«-<_<-m~«_-_Mw«<—m-3_<.:—:vm~.qﬁuqqui_éi-v«.__.q..iw;‘s:ﬂt«Emt\giqf-iniw.\mkn.

140

120

100

ao

60

49

20

0 ypm
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Pulen Sagquence: $23ul

Bolvent: adcll

AnbisRt tewpersture

Oparatori veatl

File: ¥0.332_12_th_migretion zot M 1n

2465
2,438

T

RexQudR-40088  *Varian-1nr= en 5
- v - ‘r -
oo n
ReInll delay 1,500 suc ﬂw T
Pulan’ 45.0 dagraen
Acqts| time 3,302 aec
width 6402.0 Hz
18 titione
HL, 400.4411632 Mux
DATA o
Lindi broadsning 0.2 Rz
‘FT size £3336
Total: tima 1 min, 12 asc
H. -Ts
0 "N %
+ H
., fk I{i
Ph Ph Ts
(2)-2¢' (E)-2¢'
A
Ju
L8 T Ls _ T T T 12 u ¥ T T T T T m
13 10
et e bt L
1.18 0.51 13.%8
i.19 45 1.00
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.._m___.A__.__”.w.;_.__m___.r.____,__H
.1

19245 145.2 . 144.9143.6  143.4 : 139.0  138186.8

EL{}{?\LF%X}?\},
.—.__—H_M_~___

T 5
136.6 136,0 135.8, 135.2 135.4

H. -Ts
e "N %
+ .H
H H N
. Ph Ph Ts
(2)-2e' (E)-2¢'
W e AU AA N AP
LALLM L N L L L L B L L S A (L L L L I L L LN LN L L O L L L L L B L B
130.25 130.00 129,75 128,50 = 129,25 129.00 128.75 127.86 127.4 127.2 126.8 126.14.8 124.6 124.4 117.25 21.75 21.50 21.25
61\ (murakani) \funakosi\P~PhH\k-funakashi-p-PhH-doptIib-1.jcf
Do : Do Lo DFILE k-funakoshi~P~PhH+deptl35-21.3df
COMNT DEPT with decoupling
DATIM 01-08-2012 10:30:41
OBROC  13C
EXMOD dept.ex2
OBFRQ 100.53 MHz
OBFIN - 5.86 Hz
. £OXAT - 65536
. FREQU ~  31407,03 Hz
scans . .0 216
ACQTY - - - 1.0433 asec
- D S 2,0000 sec
> L 8.00 usec
IRMUC 18
CTEN? 22.5 ¢
SLVNT CDCL3
— _ EXREF 77.00 ppm
BF . 0.24 Hz
o [ RGAIN 60
PENM
T T j T T 1 T [ T T T T I T T T T [ T T 7 T T [ T T 7 T 1 T T T L2 DA B I
200 175 150 125 100 kil 50 - 25 Q
G:\{nurakami}\funakosi\P-PhH\k-funakoshi-P-PhH~-BCH~-1.jdf ool
. DFILE k-funakoshi-P-PhH-BCM-1.jde
- COMKT aingle pulse docoupled gated NOE
. DATIM 01-98-2012 10:12:08
OBNUC  13C
EXMOD  aingle_pulse dec
QOBFRQ 100.53 MHz
. OBFIN : - - 5.86 Hz
; potir- 65536
i ) | ERSQE 31407.03 Hz
5 SCARS . 526 -
| __W A _ ACQTM © 11,0433 sec
TEY PD 1.7000 sec
F ¥ _ U T 3 1 T T T T T _ ¥ T T 13 _ T T T T _ T T T T _ F 1 T T _ T T T T _ T T LI HI m”ﬂo - ... 2.67 usae
: IRKU . . -
200 175 15¢ | 125 100 75 50 25 . 0 crEwe. . ¢ 2201 ¢ .
PP .. SLViT  CDCL3 ) o
o 7! Ao e
. B BF- . 0.24 Hz
o - D TBVMEMORTMON~D oW MO mO o -
ao= TrROCEANADARIT DN O AW PR S o BGRIN 60
Ll - NEMOIPVOHRAAFRMIOO DO MNDVY oo
a o MR OO CaRAABN O~ EEnOw A
a @ SN MMM NNNNNNNNN A Dl o o NN
- - e Rl N R e R e e N e R N N e
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Fulaa faquence: slpul

Solvent: odelld
Anabient tesperature
Cparator: voarl
Pile: ¥0.525_ 13 Me_migration net_ipr_13¢ N
Mezcury-4008RZ *Vagien-1om- asEs29ses 3 09 Sg2 2 gerns
= " $dyagendd & 3 78% 98 CERad A
= " -] - - >~ w » ™ oW ®
Rolax. delayrd.70R sec b T R B B B 3 5 a »_.7m. oo .m,/..-:\vm.H
Pulsa 45.0 &, 1 H i o
Aeq. time 1.500 sdc L FiLLX\..L d
wideh »:a..m nz .
$408 repatitiona
OHUQ 100 F10134 MMz
AL, |400.4432966 B3
zower 40 dn
aontimicusly on
TALTZ«16 modulated
DATA PROCECIDNG ™
Line bLroadecing 1{0 iix
FT eize 65336
Tagal bime 553182 hr, $ min, 20 seo
o
H. .Ts
O "N O :
+ . .H e
:#\:J\‘ \.?\:/x__,_
Me Me Ts |
(2-29 (529 ,
i
~. _ . L&l L/ ; . . . . oo K "
Ak b SR A A it i ha [ AL S S S (50 B A AU Mt ATt S 0 0l Sk i ¢ L LA B R B S e S LALACAE B A A It et IRC A0 MO 16 At 0 e e “_._.A__.,.m._~_._.~n“~_.
220 200 180 180 140 120 100 BO &0 40 20 0 ppm
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Y o
¥ o
i3 ‘Q_ )
T
=
5
» : 202,442 ___
87 P
: o T
; Q
3 72
1
3
B
B33
=
4
P
[ |
S
— 144.110
B
@ - Z 137,404
b z 135,303
= —-r'— 12939212
3 %— 126:516——
pa 121,738
[
o -
-
]
- -
o
o
g = f—"T.!ZI
3 77,8300
. . 76.505
o
o
—328.317
e 27.85%
=23.324..
21,538
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Golventt edold
Asblent tamparatura
Opazator: vimrl
Files 2012.7.31.13C

Harcury-£00Dn |<nuﬁbuuuu@. IHQQHIGSAM n ” N nia o v e Y Do ®
R REEESERREE R 8 AREE L LI
o » vErwwdaROE @ o o REN W R »
Ralax, delay 0.700518c = regogonnann o <] 1Hi»_: Sxaaw
Pulse 45.0 degress #rwn_. w\_um F e
ey 4
Acq. time 1,300 sec o) ey [ Y b 2

wideh 241%8.6 nx
11905 xepatitiuos
OBEWRVE €13, 100.8310120| KHe
_DECOUPLE ml, £00,4431966| 1Bz
Possx 40 43
continuously on
WALXZ-16 mofulavad
DATA PAOCREIING b
Line broadening 1.0 Iz .
FT eize 63336
#otal time 1655790 hr, 30 min, -§ seo

-H
" { ' gkf\\i
Me Me Ts

(2)-2h (E)-2h

el i Chuplilerrpiie

P g
180

20 0 pPpm
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Pulss Saquence: s2pul

Solveat: cdcll
Anblent teaperatura
Gpeararort vomrl

73

¥ila: ¥o.170_cyclopenfyl sroduct 12 2
Hercury~40083 =varfaB-1am*
©

b3

Relex. delay 1,500 xo
Pulaa 45,0 dagraes
Mq. time 3.302 sec
width §402.¢ Bz

16 repavitions
QBEERYX H1, 400.4411
BATA PACCECSING

Line hroadentnp 0.3 H
FT size 653536

Yotul time 1 min, 32 sz

H
‘N-TS

e

(2)-4a

6.791

...........................

7.740
2

\-‘“7-71’

#7387
T.296

116
\""'T.!‘O

1632 KAz

S61
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Pulaa Zequencal dipul

Solyenk edell
Azbiont temperature
Opexater: vimrl
rile Ya,170 oyclopentyl produzk 13C, 271
Horoury-4008f, “Yariac-wmm~
L)

139.06%
125.959

126.650
114.497
17,337
77.000
16.685
33,398
27.236
21.545

o
Rolax. delsfk 0.720 sec

Pulve 43,0 dogress

Acq. kima 1,300 ses .
vidtn 281546 2z : : ¢ .
15160 vepetitions ’ :
ODZERYE  CLJ, 300.6910137 ¥:x
DECOUPLE 01, 440,§431%06 1mz
Power 40 an’

continucely on

WALTZ-16 modulabted
DATA PROCEASING

Line brosdeiing 1.0 Nz
PT oiza £5536
Total tima 581181 br, 9 min, 20 aec

144,371
© 137,155
231,868

o M- o

H : v
+ " . . -
P (e |

(2)-4a (B-4a TS

|
M
|
|

oL N ,_ L)

askcs i) s o Vvt elais v Aty \Aere Yot oot fokepemie

220 200 1ec 160 140 120 00 80 60 40 20

41,337
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Fulaa Bsgquecce: Spul

Solvent: odcld

Amhlant tesperature

Operators vearl

rilsr cyclohawanooa_product 1% .

HorcrfH 40030 *Varen-Tumr daranaaRgfEEnEed
n o SRR ERRANA > ® ~ e

! BRNVBA

Reldel deley 1.300 sec H
Fulke X5.0 Zegreas _/f//fw.\\ R \\w > X
»aq. bine 3.502 sac R

wilatk £402.0 Hx

16 repetitions

QBGERYE m, 400,4411832 xB:
DAYA PROCRETING

Line Tnéono’_.aa 0.2 He

¥T adza 65536

Toral [tine 1 min, 32 sec

H, T
O °N

°* o H
ot __/_\I
Ts
(

(2)-4b E)-4b

0.96 .22 szes
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Pulpe Laquenca: s2pul

Belveaty cdeld

Amblent tewgezaturs
Oparator: wvemrl
Marcury-4008D *VYarian-13nT

B
-

Relax. delay 0.700q¢0¢
Pulaa 45.0 honnaenm

Acq. tima 1.300 asc

width 24154.6 Kz

15488 repatitiona
OBJERVE €13, 100.6510264 m1=
DECOUPLE 111, 400.4431966 Mz
Pawoer 40 4B

continucualy oo

VALTZ-16 modulated
TDATA PRCEGSING

Live broadaniog 1.0 uz
FT size 65536
Total tims 501183 hy, 9 =in, 20 sac

1d4.183

- 337,613

©137.13%

1AETEIT—

211.75%

= 91,318

77.000
76.678

38,634

--A8.251
.127

- 42,123
31.523

S64
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Pulpe Gequancet s2pul

Bulvent:t odcl3
Aablsat tewperature
Oparatort wvnmrl
File: cycloheptenona_produck 1IN
Moroury-400BD  {YaGian-1aeav
- -

g v
Relax. delay an,wud sec
Pulne 45.0 dogresd
2og. tima 3,502 hac
Wldth 6402.0 Hx
16 repevitions
0BSXRVE 11, 400|4412634 Mmz
DATA PAOCREZING J

Iine broadening 0.2 Hz

¥T wize 65336
Tutal time 1 min,} 32 xac

Ts
o:,z
_l_

4c

7.738
2,927
2.512
2.459
2,408 -

-
S
\=
X
/

0.93

byt Yy [} [RESE [—
2,00 2.072.10
2.00 1,00 3.18 6,70
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Pulee Saquencal
Solvsnt: cdcld

az2pul

Aablent temperature

Oparater) vamrl
Mexcuzy-40080

*Varfan-1om~

-
-

w
Relax. dnlay 0,700 sac
Pulse 43.0 degReas

Aog, time 1.30
Wideh 24154.6
14336 veputitic
ODIXRVE <13, 1
SEioUPLE m1, &
Piwmx 40 &3
continucusly o
WALTZ-16 module
DAMTA PROCKSEING
Lins broadening
T 3izo 65536
fotml time 5311

Ts
o:,z
_l_

4c

se0

£3

>

0.6210137 Wy
0.4431966 Hux

2
ated

g 1.0 ¥z

1 br, 9 min, 20 poc

144,110

137,316

136,569

139+636
~-126.534

116,531

17.322
77.000
76.685

.
S

44,562

32384

31,230
30,447

24,803
21,523

T T

220

I T R T

200

[ale ol

1s0

160

1440

120

L e e B

100
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Pulse Gequencni aZpul

Bolvent: odeld
Anbient temperature
Opexatar: voarl
Flle: MH0.162 cyclooctyl. product. 1
#oZefty-400n8  “varlan-1am> HEREEE ]
S TREnNNan
fo B+ ~ ~
sm.ui-_k. dalay 1,500 sac F.i/\_ F}LL
,-u..ll 43.0 degraas
Asqg. time 3.502 sec M‘
i
:

T
5,839
6,014

#idkh $402,0 Bz

16 freapaticions

OBENAVE N1, 400.4411632 Wi
DATA PAOCESZING

Line broadening 0.2 Rz

PT 1ixe 63336

Totgl time 1 min, 33 sec

OI,Z\._.m
I

4d

S67
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Pulsa Sequence: m2pul

Belvent: odeld

Azhlent temparature

Operaror: vmmrcl

Hercury-400DB *Varieo-1om=
o

o
Relaxt. delay mu_uo nec
Pulue 45.0 deficaes
doq. eima 1.300 sec
Width 24154.6 ‘Hx
14848 repatiticos

OBZERAVE C13, 100.6910134 Miz

DECOUPLY 11, 400.4433966 Hts
Fower 40 a» _
zontinucusly gn
WALTZ-16 modulated

DATA I3HC
Line broadeaing 1.0 Xz

T alze 65536

Total time 531131 ke, 9 min, 20 sac

OI,Z\.ﬁm
I

4d

144,139
—137.236
49250
1162606~
115,830
11,322
77.800
U re.ens
33.648
32,654
—29.062

137,316

mrptisonrh A . L s oAt SN

28.073
35,974

25,572

21.552

S68
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Pulee Donioagal e2pul

Bolvent: adell
Amblent toappratura
Cporakor: vimrl
Marcury-40000 “varian-2@R* R

2.371
1457 -

Relax. dolay 1,300 sac
Tules 45,0 degrees

Aaq, tims 31,502 zec

Wldth £402.0 Mz

16 vepatitions

OBZERVE U1, 4£00.4421834 Wi
DATA FROCEALING

tine broadenlng 0.2 Nz

¥T oize 65538

Total time 1 min, 3% asc

B RN 5 ) 4
1.707
T304
7.302
= 6,849
6.923
2,524
2.508
1442

4e

10 5 8 7 & 3

2.96 . 2.25
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Fulpn Soguoncet p2pul

Solvent1 odcl2
Amplent tomporature
Bporatori vamrl
Horcury-40080 “Varian-3B@R*
©
o

Kalax. delay m.uao [T
Pulse 45,8 Gofrees

Acq. tima 1,390 mec

¥ildth 24154.6:Hz

15618 xapetitions
ODSERVE €13, 100.5910149 HBz
DECOUPLY  il1, 400.4431966 Kz
Povexr 40 An

continucunly on

VAZAZ-16 modulated

DATA PROCRESTNG

rdne broadening 1.0 Hz

FT alze 65336 .
Total time 581181 hr, 9 mim, 30 sec

- 144,132

- 138.280

~137.287

131,199

Al

-77.322
=17 000

76.685

-+ 39,195

< IV.588

27,562

A%.548 -

220 290

180

160

120

19¢

89

60
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Pulaa Zaguencai a2pul

Folveant: odell

Ambient tempsraturs
Oparator; vmarl
Hexcury-40003 *Varlan-mHR="

Relax. dulay 1.300 zac
Pulee 45,0 degress

Auq. tima 3,502 sec

width 6402.0 Xz

16 zepetitions
ODEXRVE 11, 400.4411610 MAz
DATA PROCRGIING

Lins broadealsg 0.2 Hx
T aize 65536
Total time I min, 32 gec

Ts
o_._,z
H

6}
4f

BRESE  BR23%33
fRdSE Sl addan Sedndan,
LW S PPN S
I
_ .
b
y
|
¥y
A ¥, FiN grh:r. A
ﬁ 3 ¥ r I i T T ¥ ¥ _ 1 ¥ 1 i T r 3 ] F 13 ¥ T _ Y r € i 3 k) r t :.—xk;: 1 3 k) w ) T 42 £l _ £) 1 T 1 m 3o (e
10 9 8 7 6 5 4 3 2 1 0 ppm
.1“ k2 ol *-v byt p.ﬂw _<v_u_
2.086 4,23 2.08
1,37 1.00 2,12 3.16
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Pulse Gequence: #2ypul

Lolvant: odold

Aablent tesparatura

Operator: vomrl

rile; TIP_product_13C

Hexcury-4008B -.\a*n-snﬁﬂn m an 8 5 4 neans s 2 - N
: A I 2 RS R LR q 7 A
- “ ~ o~ o0 « - Ll - o - i
Rulax. dnlay 0.780 mec b an 8 q bbbk v ~ Ll n
Tulse 43.0 degresa r j] P/\W\L\\“
Ang. time 1.300 sec
Wldth 24154.6 Ix +
17328 repetiticns
OBSEXRVE «©13, 100{691015? KRz
DECOMPLE H1, 4004431566 Bz
Fover 40 a3
continuously on
WALE-16 modulated
TATA PROCESEING -~
Line brosdering 1.0 Rz
¥ xizn 55336
Total tims 381181ihr, 9 min, 20 seo
H s
o N
H -
O
af
[
o~
95}
; A A ﬁ \
ANt [ AL e S S S (N A A0t S A R i B e S D | LA 0 S S R (S I A R I LI S L A (A M AL SN B S I AL e U __,.Mw__...~.—u~,.__.-.—-«.m-..—.
220 200 180 160 140 120 100 . 80 60 490 20 L] ppm



Pulse Tequance: spul

Solvent: odcld

amblect tesperatuza

Opsrator) vmmcl
40000 *¥ard,

- =
® o

3 ana 2esansa
o & " R faanngy
:.ulm dplay 1.500 sac m. ._r ._. g dd uu. e E ~_¢
© Pulse, 45.0 depress H H .
Acg. tisle 3.502 eeo / N [N, ﬂ.\~ o
wideh 6402,0 nx I
16 repatiticna . i
Rl, 400.4411630 Muz _ 11
DATA
Line 1 0.2 He
TT 812065516
Total pime 2 min, 32 zec
H \._.m H
o N
H -
S
49 -

e

S73
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220 200 180 160 140 120 100 eo (14 40 20 0 pym

S74



Pules Soquencel a3pul

Golvant: cdcll
Anbient tenperature
Oparetor: vrmrl
rilas &

Y
Hexcusrg-§DU0E  "Varian-IRR®
- -

"o
»-u-.ﬁm dhlay 1.500 sec
Pulse 450 dogzeen

7.743
7.739
7.732
7,325

[
X

7.2
7.304
7,264
7.260

6,924
§.897

.

- maoess
23 BG83
o n EREERRR:
L L

1.487
1.482

Acq, tima 3.3502 aac
wWidth 6403.0 Nz
16 repacitions
ODSERVE || 81, 400.4411632 ME:
LATA PROCZEEING
Line Dyvadening 0.3 Hz
T xiza 65536
“Yatal time 1 min, 32 wec
H Ts
o N
H
N
/
Boc
4h
v
J
M
LAt A SRS S S S
11
g
0,94

[p—] S Dp—

4.39 5.97

11,82
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PN

__._-—_,_n_____-“_..__w
144,50 144.28 1 :138.75 138.50 138.2% 137.2 137.0 |

. H \.ﬁm
o N
I
_,._.___._w__________________-m____w__n_m___“_______ - Z
. 49.00 - 48.75 48.50 48.25 48.00 47.75 47.50 i - 46,25 46,00 /
LT . . R . o . o . Boc
4h
U ET * L) _ TFTT _ TT T TP TT _ FETT _ LI ) _ T L) m LI O ) [ L i
s : .
. 41,50 34.25 34.00 33,75 33.50 33.28 33.00 28.25 21.75 21.50  20.25 930874

k-funakoshil-P-48-7-dept135-1ft.a
DEPT with decoupling
18-07-2012 08:20:29
13¢ .
dept.ox2

200 175 150 125 100 7 50 25

Ti\bocuments and Settings\delta\fLfXFHfgfbS viP~4N-T\k-funakonhi-P-4it~-T-NRE-1£t . aka P

_ k-funakoshi-P-4N-7-NNE-1ft.als
single pulsc docoupled gated NO
T 18-07-2012 06:50:48

13¢
aingle_pulse_dec
N - » 100.53 MKz
5 S g = & - aoc - = 2 . 5.86 Hz
< s . & fNiw . N 2 = S| e - - 52428
-3 - — - o o 2 o — o] o
-+ 22123.56 Hz
s — iy - — LR D - —_— s . gegd .
) N | _ 2.3698 aoc -
5.1000
T I T T T T T T | 3 T I ] T T T T T T T T T T T T T | T 7 T 7 T T T ¥ T I T T T . 2.67
200 175 150 125 1¢0 75 50 25 . .
i 22.4
3 2 8 g3 o= 2 gezss 2288% 28 & B s
o “ 7T % - Tanes wenne N8 a
3 b T 88 8§ b B3NN egged 88 & & .
] g 5 A8 B M b
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wenzbap 0 Cy SETNE
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TIRTA  LIOIVISEY

san3eredeey JuUsqEy

)

¢

- o M N O
w
S & &dedontsescron 191y

n WUrERFFA.  1200Y-Krmaxen

8,309

=
o

7.853
J 7,636

e

575

\\\\;'Z:’;Zi
N\

7,378
7.358
N 7,260

£IOPO 1UEATOR

Indzs e

usnbag mryng

T

a8

1.554

1.s58 .
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Fuiss soguRsce:s eepus

Bolvartl odold

Amblent temperatucs
Cperator) vamrl

rila: phesastoredu-13C
Hercury«4008D  “varien-}pirR"

Aelax. delay ¢.700 mec
Pulsa 45.0 degress

Acg. tiwe 1.300 sec

Width 24154.6 n3

14144 rapaxicions

O2BEAVE C13, 100.6910134 MXz
PECOURLE H, 400.4431966 MRz
Power 40 4D

gontinucusly oa

WAKTZ-16 modulated

DATA PROCRESIIG

Ldne broadeoing 1.0 H:

FT size 65516

Tatal tima 531181 hr, 9 min, 20 seq

186,038

739
918
142
kL
e1e
3
60
316

135.793
135.898
21.662

125.376
185,207
77.315
77.198

165,626
124,834
133,480
123.762
120,266
J_
~~77.000
S 26.578

e

/r
/

Lo iriin Weert Wt ks

et ekl Rt A bk M
it

o w,._ b g
SR S B S s

o3

A v P bl det o MECt et a0
LA It Rt S S S e Mt A Il B A AT i

220 200

180

LA DL B I LA S A I Rt L Mt A At S M k2 L B A R R B I B AL FILALAL L M B B S A Y A T B L i M

160 140 120 100 8o ) (14 4c 20 o opm
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Pulsa Sequeances s3pul

Lolvent: cdcll

Aablent tewmperature

Operators vamcl

riles 3-Ph-zycl

Ph

Haroury-d0008  *Vrien-1ueR> 2538888 2 ga2a g 8883 2
o B ] < ne% ~ easn -
- I LY R w ) ® ANGo o
Relax. dalay 0,70 awc asaqangon a M/...v_. 2 .m.‘m.u\\._.. <
Pulse ¢5.0 degroes t | -
Azq. tima 1,300 anc ﬁ, P/ F?F? L\\ Py
Wideh 24154.6 Hx 7
12352 repetitions
OBGERVE C13, 100}6910179 m=
DECOUPLE * M1, 4004431966 iz
Power 40 4D
gontizuously on
RAINZ-1£€ modulatad
DATA PROCEISING
Lins broademing 1.0 Bz
7T size £3516
Total time 581181ikr, 5 min, 20 anc
H.. -T8
o N ’
H
4
[
3 v ‘__‘_ ' N 2 . AVl
J0C S B L A A S R et S A i S S Tl i S e i L S £ G S R S S T B LS S S B B e S0 o Sk At e i (et SRS S SRR et B Wl et T 1 R U S B oo e £ ¢ LA S 2 S e e e B B o dnd 100 et St
220 200 180 160 140 120 100 80 60 40 20 [+ ppm
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Pulre Fequance) E2pul

Solveat: &dcll
Amblent Lemparatura
Cpaxator: vmarl
rile: 3012071413

17.315
77,158

;C

T T C—
\‘m«‘)’l -000

—76.685

45,072
— 44,130
3s.323

34,538

24.635)
21,332

A

"

Aaalaind

ANt

Barcury-40083  ¥yarian-MHR¢ dRINSRNaS S

" emenennYY ™

3 L - - - ”
Relax. nnnl%avoot.n xqa9s0a4qaaq a3
Pulse 43.0 degrons R ]
Azq. tima 1,300 aac _{IP/ \L
wideh 24184.6 Hx
16996 repatitions
OBCERVE €13, 100.£910112 Muz
DECOUPLE KL, 400.4431966 Mz
Tower 40 4D
gontinuoualy on
WAITZ-16 moduluted
DNTA PROCEILING
Lins broadaning :,0 Rz
1 alze £5536
Total time 391181 hr, 9 min, 30 seo

H. s
o N
H
Ph
4
H
H
N A o 4
ol rversonia? e My v vt e i
T e B R
200 180 160 140 120 10¢

R T et St S A B S ML |

a0

P
A

oy

WA

e

RS Sl e s o 0 a2 ht e o

40

LA B I St e e

29

0

rTrer

rpm
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Pulse Jequence: s2pul

Jolvents cdelld
Anbiant taoperature
Operatort vamcl
rilas 20120707C13

Fsghaunuulc.nﬁng‘ - - n o n b wn o - N “©i O n h 0 Dsaaeel.uwl

3 4 nwumuu_ﬂ”n sa8 A8¢% A 2R85 2RERnSRAS

& e« - ERVARES - : . I IO T T B e B

Relax. deday §.700 sec -0 Y. gnaqgqnnse gae ERR ¥ $SI9S ARNSNENAS

Pules 45,0 degreas ' 117 ; L L) LB
_.f.\w — Ll ) e )

Acg. tima 1.300 sec i
wideh u._.u..nwﬁ
14976 zapatitions

OBSXRVE C13, 100.8910175 ¥mx
DECOUPLE R1, $00.443196€ Mz
Tower 40 a8
gontimously oo
WALTZ-16 modulated
DATA PRUCESGING
Line hroadsning 1.0 2z
FT size 63326
Total tims 501101 hr, 9 min, 20 mec

MeO H

| . ) I T W N1 . J FCEECLE

T T T LIBURALAL S BRI SLELIL A S M S N ELALED S AR RS R Sl Ut AU S R B A L B B S G S R S e o 2 B e e Bt SR RS

220 200 180 160 140 120 10c ac (1] 40 20 ¢ Pom
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Solventt cdeld

Azmhient temperature

Qpexator: wvomrl

Hercury-400BD  *Varian+)®R®
g

Ralaxydelay 0.700 soc

Pulsed5.0 degroan

Acq. K 1.300 sac

Wideh 28154.6 Hz

16092 titions
LR €13, 100.6510145 Mz
DECOUP HL, $00.4431966 KRz

Power 40 4B
nounuL-cc-—% on
WALA2-16 modulated
DATA PROCEZEING
Line broadening 1.0 Mz
T aize 555318
Total time 237040 hr, 34 min, -8 asc

Ts
oI,z

142,397

137.1268

129,855

S

6.921

™

77.215
77,000

Is
»

J

.

\—76.67¢

51,289

43.485
25.100
25,00%
23.309

\-21.460 -

39,159

44,583

220 200

180

'

160

140

120

2006

g0

-

4

60

40

Y
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Solvent: ecdcll
Aabient teperature
Oparator; vemri

Hexcury-40058 *Varian-IMR*

Aslax. delmy 0.700 sec
Fulse 45.0 degrees
Acg. tima 1,300
Width 24154.6 Ex

376 xepetiticas

OBFERVE $13, 100.6510122 ¥ux
DECOUPLE H1, 400.4431966 Mz
Powver 40 a3

continucusly on

NALTI-1§ modulated

DATA PROCREIING

Tins broadening 1.0 Hr

¥T mize 55536

Total tiwme 58 hr, 7 min, 7 swc

Me
CO,Et

Z\_
NS

S43

186,

Neer 166.029

156,221

590
178

138

135

+836

122

-315

/"77

AN

678

TE.

60,933

39.400

34.532
32,365
r37.514
347

217

26,
—ad

14.290
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Pulse Bequence:r sipul

Bolvent: <dcld

Amblent temperature
Operator: vomrl
¥Hoxoury-400BD "Varian-JHR®

Relax. delay 1.500 sec
Pulpe 45.0 degrees

Aog, tima 3,502 seo

Wlath £402.0 Nz

16 repetitiona

ORSEAVE B2, 400.44118632 1z
DATA PROCESGING

Line broadening 0.2 nz

TT size 63316

Total time I mip, 32 sec

NH,
A
“ |

7+917

7.3¢0

5,175
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eawr wau

Pulaa Saquences B2pul

Golvent: adcll

Axblect tenperature
Gporatert vmmrl
Marcury-40008 *Varien-}im*

i
L ” o ~ - ™~ M D~
L fxd b3 o &4 o« - O W o~
i % i as% = Hena
Ralax, dalay 0.700 se0 ~ o W - ar e » s
Pulan 45,0 dagress 5 - ] I «__ .m: oo
i

Acq. time 1.300 mec

width 24134.8 B2

384 repetitions
OBEXRVE €13, 100.6310157 wmz
DXCOUPLE K1, 400.4431366 Kix
Powex 40 4D

continuously o

WALTX-16 modulnted
DATA FROCRASIIG \

Line broadening 1.0 Hx s
T size £5%536

Total time 5011 hr, 48 min, 42 sec

o\

NH,

A

N

~«~4Mﬂ~ ~<w~m~¢—-~uu———«— m--~m4m~—<w-mm~—-¥wm .*q—*“w.ﬁ»qﬁm«mqud-—
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Palse Fequenca: s3pul

flolvant: odcl3
Mabient temperature
Dperator: vimrl
Hercury-40003 "Varian::
r
o

L
Relax. delay 1.300 s
Puleo 45.0 dogrees
Acq. time 3.5021 anc
width $403.0 Hs
1§ repatitiona
ONZEAVE  XI, 400.4411)
DATA PROCICEING
Lina brosdening 0,2 X
IT mize 65338
Total time I mia, 32 s

z7z

N

366
7.260
2,230

S91




Pulse Foquance: sipul

Bolvent: ofcld
Ambleat tewpezature

Operator: vpmrl
vard

Relax. delay 0.700 mec
Tulse 45.0 Gegrees

Aoq, tima 1.300 mac

Wldth 24154.6 Hx

2624 ropovitions

OBSXRVE C13, 100,6510117 1mz
DECOUPLE H1, {00.443156€ Mxx
Powar 40 da

continucusly on

WALTZ-1§ wodulated

DATA PROGCEESTMG

Zine broadening 1.0 Hx

T size 63535
Total time 58 hr, 7 min, 7 sec

>z

N

=
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—156.321
—155.257
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Pulas Seieace: s2pul

Jolvant: odold

Jmblent tesperatura
cperator) vamrl
Beroury-400BR  "Varian-m*

Aslax, delay 0.700 @02 A e a@mbaa  wwee e A ek ea
Pulse 45.0 degxeas

Acg. tims 1.300 sec

Wldth 24158,6 B

1$2 repeciticns

OBGRRVE €14, 100.6510293 MiIx
DECOUPLE H1, 400.4431966 MI3
Rowar 4¢ 4B

ocontizuously oo

WALTZ-1§ moduleted

DATA FPROCEGSING

Lice broadaning 2.0 Ex : ~
T size £3536 |
Total tims 58 hr, 7 min, 7 mec

121.6B4
~77.322
97.000
— 76,685

1432.053
139,932
139,630

— 128,837
%—425.376

T T e 137 . 353
Y
31
va 28
a1
N

Ph f .
*N-N i
AN §
N : i
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Pulsa Fequanca: aZpul

S95

Golvant: odeld
Axbient teaporature
Oparator; viarl
Hexcury-4003% *Varian-1Hx*
] 3
o
Relax. delay 1.500 sec » -
Pulse 45.0 degrees
Acqg, time 3,502 aac
Wigth €402.0 Hx
16 xepetitions
ODYERVE  B1, 400.4412630 ¥mz
DATA PROCEZSING
Lire broadening 0.2 Nz
FT size §5536
Total tims 1 mip, 32 mec
=-0
L/
"
¢
4
> rr\. ﬁr 1 i,
t T 1 1 T thet t { t T P T T L 1 T y 3 A 0 s i ey f v v e ey t T
3 [ 5 4 3 . 2 1 4
gt Lt [ TP—]
2.23 4.9

2,32 2,28



Pulse Seguence:r aZpul

Bolveat: odold

Ashient temperature
Opexatort vemel
Mercury-400BD0 "varian-RHR"

e . n n e e ‘"o n e~
Lo bal o hoa e~ L IB-E -
k % < a n19% e
Relax, dalay 9,700 xoc - " o - r L o ~m
Pulue 43.0 Jegresa e a o L Ala na
AcQ. time 1.100 sec Hryri..w\_

Ps
T

wideh 24154,.6 mx
4736 repatitiona
ODEERVE C1), 100.6910127 iz
DECOUTLE H1, 400.4431966 ¥Rz
Powar 40 a8
coatinucusly on
WALTZ~16 modulated
DATA PROCKEGING
Iine broadealog 1.0 Hx
IT 3ize 65536
Yotul tima 541 hr, 1¢ =min, 52 sec
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