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General Methods.

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), a JEOL JNM-ECS400 ('H at 399.78 MHz and
C at 100.53 MHz) or a JEOL JNM-ECA600 (‘H at 600.17 MHz and C at 150.92 MHz) spectrometer.
NMR data were obtained in CDCI;. Proton chemical shifts were referenced to the residual proton signal of
the solvent at 7.26 ppm (CHCI;). Carbon chemical shifts were referenced to the carbon signal of the solvent
at 77.0 ppm (CDCI;). High-resolution mass spectra were recorded on a Thermo Scientific Exactive (ESI)
spectrometer. Flash column chromatography was performed with silica gel 60N (Kanto). Preparative
thin-layer chromatography (PTLC) was performed on silica gel plates with PF254 indicator (Merck).

Materials.

(‘BuCO,),Rh, (Aldrich), iodine (Wako), cesium carbonate (Aldrich), Pd/C (Aldrich) were used as received
from the commercial source. Chloroform (Wako, dehydrated, amylene as stabilizer) was distilled from
phosphorus oxide (Wako). Ethanol (Wako, super dehydrated) and acetonitrile (Wako, super dehydrated)
were used as received from the commercial source. 1-Sulfonyl-1,2,3-triazoles 1a—m were prepared according
to the literature procedure.1 The analytical data of compounds 1a,> 1b,%* 1¢,2 1d,” 1e,’ 1f,* lg,5 1h,’ 1i, lj,6
1k,” 11,> and 1m' have already been reported. Phenylacetylene (4, Aldrich) was obtained from commercial
sources and distilled before wuse. 1,2-Dimethyl-1H-indole (2a, TCI), 1-methyl-1H-indole (TCI),
5-bromo-1-methyl-1H-indole (Aldrich), 4-bromo-1-methyl-1H-indole (Aldrich) were used as received from
the commercial source. 2,3-Dihydro-1H-pyrrolo[1,2-a]indole 2b was prepared according to the literature
procedure.® 1,7-Dimethyl-1H-indole, 1,5-dimethyl-1H-indole, 5-methoxy-1-methyl-1H-indole were prepared
according to the literature procedure.’

CAUTION!
Sulfonyl azides are potentially explosive materials and must be handled with caution, although we
have never encountered any difficulty in handling them.

Procedure for the Reaction of N-Sulfonyl-1.2,3-Triazole 1a with 1,2-Dimethyl-1H-Indole (2a) (Table 1
& 2).

In a nitrogen-filled glove-box, (‘BuCO,)4Rh, (1.22 mg, 1.0 mol %), 4-phenyl-1-tosyl-1,2,3-triazole (1a,
59.9 mg, 0.20 mmol), 1,2-dimethyl-1H-indole (2a, 43.6 mg, 0.30 mmol), and CHCI; (2 mL) were added to
an oven-dried 20 mL Schlenk flask equipped with a stirrer bar. The flask was sealed with a cap. The reaction

mixture was heated at 80 °C for 8 hours. The resulting mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was purified by preparative thin-layer chromatography
(chloroform/ethyl acetate = 100:1) to give the product 3a (80.8 mg, 0.19 mmol, 97%).

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

2 Miura, T.; Yamauchi, M.; Murakami, M. Chem. Commun. 2009, 1470.

3 Yoo, E. J.; Ahlquist, M.; Kim, S. H.; Bae, 1.; Fokin, V. V.; Sharpless, K. B.; Chang, S. Angew. Chem. Int. Ed. 2007,
46, 1730.

4 Miura, T.; Hiraga, K.; Biyajima, T.; Nakamuro, T.; Murakami, M. Org. Lett. 2013, 15, 3298.

5 Miura, T.; Nakamuro, T.; Hiraga, K.; Murakami, M. Chem. Commun. 2014, 50, 10474.

6 Chuprakov S.; Malik J. A.; Zibinsky M.; Fokin V. V. J. Am. Chem. Soc. 2011, 133, 10352.

7 Miura, T.; Fujimoto, Y.; Funakoshi, Y.; Murakami, M. Angew. Chem. Int. Ed. 2015, DOI: 10.1002/anie.201504013.

8 Ishikura, M.; Ida, W.; Yanada, K. Tetrahedron 2006, 62, 1015.

9 Xu, X.-H.; Liu, G.-K.; Azuma, A.; Tokunaga, E.; Shibata, N. Org. Lett. 2010, 13, 4854.
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One-Pot Procedure for the Synthesis of 3a Starting from Phenylacetylene (4) (Eq 2).

Phenylacetylene (4, 21.7 mg, 0.21 mmol), TsN; (42.0 mg, 0.21 mmol), CuTC (3.82 mg, 10 mol %),
(‘BuCO,)4Rh; (1.22 mg, 1.0 mol %), 1,2-dimethyl-1H-indole (2a, 43.7 mg, 0.30 mmol), and CHCI; (2 mL)
were added to an oven-dried 4 mL-vial equipped with a stirrer bar. The vial was sealed with a cap containing
an inner Teflon film. The reaction mixture was stirred at room temperature for 3 hours. Then, the resulting
mixture was heated at 80 <T for 8 hours. After the mixture was cooled to room temperature, it was
concentrated under reduced pressure. The residue was purified by preparative thin-layer chromatography
(chloroform/ethyl acetate = 100:1) to give the product 3a (70.1 mg, 0.17 mmol, 79%).

Procedure for the Hydrogenation Reaction of 3a. 3n. and 3q (Eq 3).

A side-arm tube equipped with a stirrer bar was charged with 3a (81.8 mg, 0.20 mmol), Pd/C (10 wt %
support carbon, dry, 21.3 mg, 10 mol %), and ethanol (2 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 10—18 hours at room temperature. Then, 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 =
100:1) to give the product 6 (70.9 mg, 86%).

Procedure for the Iodine-Catalyzed Cyclization Reaction of 6 (Eq 4)."

A mixture of indole derivative 6 (80.8 mg, 0.20 mmol), iodine (51.4 mg, 0.20 mmol), Cs,CO; (133.0 mg, 2.0
mmol), and acetonitrile (2 mL) was stirred at room temperature for 60 hours. The reaction was quenched
with a saturation solution of Na,S,0; (5 mL) and then extracted with ethyl acetate (3 x 10 mL). The
combined organic phases were washed with brine (20 mL), dried over anhydrous Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by preparative thin-layer chromatography
(hexane/ethyl acetate = 3:1) to give the product 8 (62.0 mg, 77%).

3a:

Ph

- N —Ts
A\ H
N

\

IR (ATR): 3252, 2924, 1632, 1595, 1333, 1155 cm™; "H NMR (CDCLy): & = 2.07 (s, 3H), 2.48 (s, 3H), 3.72
(s, 3H), 6.37 (br, 1H), 6.68 (d, J = 7.6 Hz, 1H), 6.83-6.89 (m, 1H), 7.03-7.09 (br, 1H), 7.15-7.37 (m, 9H),
7.69 (d, J = 8.4 Hz, 2H); *C NMR (CDCLy): & = 10.8, 21.5, 29.7, 106.3, 108.8, 117.7, 118.4, 119.7, 121.2,
121.7, 125.8, 126.2, 126.6, 126.8, 128.3, 129.7, 135.6, 136.9, 137.0, 139.5, 143.7; HRMS (ESI"): Calcd for
CasHasN,0,S, M+H™ 417.1631. Found m/z 417.1622.

10 Li, Y.-X.; Wang, H.-X.; Alj, S.; Xia, X.-F.; Liang, Y.-M. Chem. Commun. 2012, 48, 2343.
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IR (ATR): 3256, 2916, 1634, 1472, 1327, 1151, 1088 cm™; "H NMR (CDCl;): § = 2.06 (s, 3H), 2.32 (s, 3H),
2.47 (s, 3H), 3.71 (s, 3H), 6.29 (d, J = 11.6 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 6.81-6.87 (m, 1H), 6.99-7.19
(m, 6H), 7.27-7.35 (m, 3H), 7.68 (d, J = 8.4 Hz, 2H); '°C NMR (CDCl;): 5 = 10.8, 21.0, 21.5, 29.7, 106.4,
108.8, 117.7, 118.5, 119.7, 121.0, 1212, 125.7, 126.2, 126.9, 129.0, 129.7, 135.6, 136.4, 136.7, 136.97,
137.02, 143.7; HRMS (ESI"): Calcd for CoHaN,0,S, M+H" 431.1788. Found m/z 431.1777.

IR (ATR): 3229, 2928, 1510, 1325, 1242, 1171, 1146, 1030 cm™; "H NMR (CDCLy): & = 2.06 (s, 3H), 2.47 (s,
3H), 3.71 (s, 3H), 3.77 (s, 3H), 6.29 (d, J = 11.6 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.78 (d, J = 8.8 Hz, 2H),
6.82-6.88 (m, 1H), 6.95 (d, J = 11.6 Hz, 1H), 7.09-7.20 (m, 3H), 7.27-7.35 (m, 3H), 7.68 (d, J = 8.0 Hz,
2H); *C NMR (CDCls): & = 10.8, 21.5, 29.7, 55.2, 106.5, 108.8, 113.7, 117.6, 118.5, 119.6, 120.1, 121.1,
1262, 126.86, 126.94, 129.7, 132.2, 135.5, 136.96, 137.01, 143.6, 158.6; HRMS (ESI"): Calcd for
Cy6HyN,05S, M+H' 447.1737. Found m/z 447.1727.

3d:

FsC

- N—TS
o

N

\
IR (ATR): 3258, 3051, 2925, 1607, 1472, 1323, 1155, 1109, 1067 cm™; "H NMR (CDCls): & = 2.05 (s, 3H),
2.47 (s, 3H), 3.72 (s, 3H), 6.40 (d, J = 11.6 Hz, 1H), 6.62 (d, J = 7.6 Hz, 1H), 6.82-6.88 (m, 1H), 7.12 (d, J =
12.0 Hz, 1H), 7.15-7.21 (m, 1H), 7.27-7.36 (m, 5H), 7.46 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H); "°C
NMR (CDCl;): 8 = 10.9, 21.6, 29.8, 105.6, 109.1, 116.2, 118.3, 120.0, 121.5, 123.6, 124.3 (q, J = 270.2 Hz),

125.3 (q, J = 3.7 Hz), 125.9, 126.0, 126.9, 128.4 (q, J = 32.2 Hz), 129.9, 135.8, 136.9, 137.2, 143.3, 144.0;
HRMS (ESI"): Caled for Cy6H,4F3N,0,S, M+H" 485.1505. Found m/z 485.1494.
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—

N—TS
QA H
N

\

IR (ATR): 3258, 2922, 1634, 1472, 1151, 1088 cm™; "H NMR (CDCl): & = 2.10 (s, 3H), 2.47 (s, 3H), 3.71
(s, 3H), 6.26 (d, J = 11.6 Hz, 1H), 6.69-6.75 (m, 2H), 6.84-6.90 (m, 1H), 7.04 (d, J = 11.2 Hz, 1H), 7.13—
7.19 (m, 2H), 7.23-7.34 (m, 4H), 7.66 (d, J = 8.4 Hz, 2H); '°C NMR (CDCL): & = 10.9, 21.6, 29.8, 106.3,
108.9, 113.8, 118.6, 119.7, 120.5, 121.28, 121.32, 124.7, 125.8, 126.1, 126.9, 129.8, 135.4, 137.0, 137.1,
141.2, 143.8; HRMS (ESI"): Caled for Co3H3N,0,S,, M+H' 423.1195. Found m/z 423.1183.

3f:

- N/TS
N\ H
N
\

IR (ATR): 3279, 2928, 1651, 1597, 1472, 1335, 1157, 1090 cm™; "H NMR (CDCLy): & = 0.82 (t, J = 7.2 Hz,
3H), 1.20-1.31 (m, 2H), 2.15 (s, 3H), 2.14-2.33 (m, 2H), 2.46 (s, 3H), 3.66 (s, 3H), 5.95 (d, J = 11.2 Hz, 1H),
6.37 (dt, J=11.2, 0.8 Hz, 1H), 6.81-6.85 (M, 1H), 6.86-6.93 (m, 1H), 7.11-7.17 (m, 1H), 7.22-7.31 (m, 3H),
7.60 (d, J = 8.4 Hz, 2H); °C NMR (CDCly): § = 10.7, 13.6, 21.51, 21.54, 29.6, 37.9, 107.3, 108.7, 118.3,
118.9, 119.3, 120.7, 121.0, 126.3, 126.8, 129.6, 134.0, 136.86, 136.89, 143.4; HRMS (ESI'): Caled for
C5,HyN,0,S, M+H' 383.1788. Found m/z 383.1777.

3g:

- N—TS
N H
N

\

IR (ATR): 3267, 2951, 1653, 1472, 1396, 1319, 1157, 1088 cm™'; '"H NMR (CDCl;): 6 = 0.78 (d, J = 6.0 Hz,
3H), 0.80 (d, J = 6.4 Hz, 3H), 1.30-1.43 (m, 1H), 2.06 (ddd, J = 13.6, 6.8, 1.2 Hz, 1H), 2.15 (s, 3H), 2.20
(ddd, J = 13.6, 6.8, 0.8 Hz, 1H), 2.46 (s, 3H), 3.66 (s, 3H), 5.95 (d, J=11.6 Hz, 1H), 6.33 (dt, J=11.6, 0.8
Hz, 1H), 6.79-6.83 (m, 1H), 6.86-6.92 (m, 1H), 7.11-7.17 (m, 1H), 7.21-7.31 (m, 3H), 7.61 (d, J = 8.4 Hz,
2H); *C NMR (CDCly): 8 =10.8, 21.6, 22.4, 26.3, 29.6, 45.3, 107.5, 108.8, 118.0, 118.4, 119.4, 121.1, 121.3,
126.2, 126.9, 129.6, 134.0, 136.92, 136.94, 143.5; HRMS (ESI"): Calcd for C,3H2oN,0,S, M+H" 397.1944.
Found m/z 397.1938.
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3h:

BzO,

—

N —Ts
A\ H
N

\

IR (ATR): 3261, 2941, 1713, 1472, 1273, 1157, 1090 cm™; 'H NMR (CDCLy): & = 1.34-1.44 (m, 2H), 1.65—
1.75 (m, 2H), 2.14 (s, 3H), 2.24-2.42 (m, 2H), 2.43 (s, 3H), 3.64 (s, 3H), 4.16-4.27 (m, 2H), 5.99 (d, J =
11.6 Hz, 1H), 6.40 (d, J = 11.2 Hz, 1H), 6.81-6.93 (m, 2H), 7.11-7.18 (m, 1H), 7.21-7.29 (m, 3H), 7.38—
7.46 (m, 2H), 7.52-7.63 (m, 3H), 7.92-7.98 (m, 2H); °C NMR (CDCL): § = 10.7, 21.5, 24.7, 28.1, 29.6,
35.3, 64.6, 106.9, 108.8, 118.17, 118.25, 119.5, 121.0, 121.1, 126.2, 126.8, 128.3, 129.4, 129.6, 130.3, 132.8,
134.1, 136.8, 136.9, 143.5, 166.5; HRMS (ESI'): Calcd for CyHs;N,0,S, M+H™ 517.2156. Found m/z
517.2152.

3i:

IR (ATR): 3252, 2920, 1593, 1337, 1252, 1155, 1092 cm™'; '"H NMR (CDCL): § = 2.06 (s, 3H), 3.71 (s, 3H),
3.90 (s, 3H), 6.29 (d, J = 11.2 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.81-6.89 (m, 1H), 6.95-7.07 (m, 3H),
7.13-7.32 (m, 7H), 7.73 (d, J = 8.8 Hz, 2H); *C NMR (CDCL): § = 10.9, 29.7, 55.7, 106.4, 108.9, 114.3,
117.6, 118.5, 119.7, 121.2, 121.8, 125.8, 126.2, 126.6, 128.4, 129.1, 131.6, 135.7, 137.1, 139.6, 163.1;
HRMS (ESI"): Caled for CosHasN,05S, M+H' 433.1580. Found m/z 433.1569.

IR (ATR): 3252, 3051, 1634, 1474, 1404, 1321, 1157, 1136, 1061 em™; "H NMR (CDCl;): 5 = 2.07 (s, 3H),
3.72 (s, 3H), 6.49 (d, J = 11.2 Hz, 1H), 6.58 (d, J = 7.6 Hz, 1H), 6.79-6.85 (m, 1H), 7.06 (d, J = 11.2 Hz,
1H), 7.12-7.33 (m, 7H), 7.78 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.4 Hz, 2H); '°C NMR (CDCl;): 3 = 10.8, 29.7,
106.0, 109.0, 118.0, 119.3, 119.8, 120.8, 121.4, 123.2 (q, J = 270.9 Hz), 125.9, 126.1, 126.3 (q, J = 3.6 Hz),
127.0, 127.3, 1284, 1345 (q, J = 32.9 Hz), 135.7, 137.1, 139.1, 143.2; HRMS (ESI): Calcd for
CasHaoF3sN,0,8, M-H 469.1203. Found m/z 469.1203.

S6



IR (ATR): 3267, 3057, 1634, 1472, 1447, 1323, 1153, 1130, 1063 ecm™; "H NMR (CDCly): & = 2.14 (s, 3H),
2.31 (s, 3H), 3.74 (s, 3H), 6.43 (d, J = 11.2 Hz, 1H), 6.85-7.03 (m, 3H), 7.13-7.37 (m, 9H), 7.45-7.52 (m,
1H), 7.95 (dd, J = 7.6, 0.8 Hz, 1H); *C NMR (CDCL;): 5 = 10.9, 20.3, 29.8, 106.3, 108.9, 117.5, 118.4,
119.9, 121.4, 121.8, 125.7, 126.3, 126.4, 126.6, 128.3, 128.6, 128.9, 132.6, 132.9, 135.6, 137.1, 138.3, 139.4;
HRMS (ESI*): Caled for CosHasN,0,S, M+H' 417.1631. Found m/z 417.1620.

3I:

Ph (o)

\

\/ H’\\\/\/\

N
\

IR (ATR): 3252, 2957, 1636, 1472, 1325, 1142 cm™; 'H NMR (CDCls): § = 0.91 (t, J= 7.6 Hz, 3H), 1.35-
1.46 (m, 2H), 1.60-1.74 (m, 2H), 2.24 (s, 3H), 3.04 (t, J = 8.0 Hz, 2H), 3.77 (s, 3H), 6.25 (d, J = 11.6 Hz,
1H), 7.02-7.10 (m, 2H), 7.18-7.40 (m, 8H); °C NMR (CDCL;): § = 11.0, 13.4, 21.4, 25.4, 29.8, 53.6, 106.3,
109.0, 116.7, 118.5, 119.7, 121.3, 122.0, 125.7, 126.5, 126.6, 128.4, 135.6, 137.2, 139.3; HRMS (ESI):
Caled for C,HysN,0,S, M-H 381.1642. Found m/z 381.1645.

IR (ATR): 3279, 1637, 1472, 1447, 1391, 1321, 1302, 1146 cm™; "H NMR (CDCly): & = 2.23 (s, 3H), 2.98 (s,
3H), 3.76 (s, 3H), 6.25 (d, J = 10.8 Hz, 1H), 6.99-7.10 (m, 2H), 7.18-7.31 (m, 7H), 7.36 (d, J = 8.0 Hz, 1H);
3C NMR (CDCly): § = 11.0, 29.8, 41.1, 106.3, 109.1, 117.6, 118.5, 119.8, 121.4, 121.5, 125.8, 126.4, 126.8,
128.4, 135.6, 137.2, 139.3; HRMS (ESI"): Calcd for C1oHN,0,S, M+H" 341.1318. Found m/z 341.1308.

3n:

Ph

- N —Ts
N H
N

\

IR (ATR): 3252, 1636, 1447, 1329, 1304, 1153 cm’; "H NMR (CDCLy): & = 2.48 (s, 3H), 3.81 (s, 3H), 6.55
(d, J=11.2 Hz, 1H), 6.75-6.80 (m, 1H), 6.83 (s, 1H), 6.88-6.97 (m, 2H), 7.19-7.29 (m, 5H), 7.31-7.39 (m,
4H), 7.73 (d, J = 8.4 Hz, 2H); '°C NMR (CDCl;): § = 21.6, 32.9, 109.51, 109.53, 118.0, 119.7, 119.8, 120.8,
122.2, 126.4, 126.5, 126.8, 126.9, 128.2, 128.6, 129.8, 136.9, 137.0, 140.1, 143.8; HRMS (ESI"): Calcd for
C54Hx:N,0,S, M+H" 403.1475. Found m/z 403.1463.
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3o0:

Ph
- N—TS
QA H
N
\

IR (ATR): 3271, 3034, 1489, 1333, 1163, 1088 cm™; "H NMR (CDCls): 8 = 2.48 (s, 3H), 2.80 (s, 3H), 4.06
(s, 3H), 6.50 (d, J = 11.6 Hz, 1H), 6.57-6.62 (m, 1H), 6.71 (s, 1H), 6.75 (t, J = 8.0 Hz, 1H), 6.89-6.96 (m,
2H), 7.15-7.28 (m, 5H), 7.34 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H); *C NMR (CDCl;): § = 19.6, 21.5,
36.9, 109.1, 117.8, 118.1, 120.0, 120.9, 121.5, 124.8, 126.3, 126.7, 126.9, 127.5, 128.2, 129.8, 130.1, 135.8,
136.8, 140.0, 143.7; HRMS (ESI"): Caled for CosHsN,0,S, M+H" 417.1631. Found m/z 417.1623.

3p:

Ph

- N —Ts
N\ H
N

\

IR (ATR): 3304, 3044, 1634, 1595, 1493, 1456, 1331, 1161 em™; "H NMR (CDCLy): & = 2.26 (s, 3H), 2.47 (s,
3H), 3.78 (s, 3H), 6.52 (d, J = 11.2 Hz, 1H), 6.63-6.66 (m, 1H), 6.77 (s, 1H), 6.96 (d, J= 11.6 Hz, 1H), 7.08
(dd, J=8.4 Hz, 1.2 Hz, 1H), 7.18-7.38 (m, 8H), 7.73 (d, J = 8.0 Hz, 2H); °C NMR (CDCl;): 5 = 21.3, 2.5,
32.9, 108.8, 109.3, 117.9, 119.1, 120.8, 123.9, 126.3, 126.6, 126.7, 126.8, 128.2, 128.7, 129.0, 129.8, 135.5,
137.0, 140.2, 143.7; HRMS (ESI"): Caled for CosHasN,0,S, M+H" 417.1631. Found m/z 417.1624.

3q:

Ph

MeO N’TS
N
N

\

IR (ATR): 3271, 3051, 1620, 1489, 1335, 1217, 1165 cm™; "H NMR (CDCl;): § = 2.45 (s, 3H), 3.60 (s, 3H),
3.77 (s, 3H), 6.40 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 11.6 Hz, 1H), 6.78 (s, 1H), 6.88-6.95 (m, 2H), 7.20-7.37
(m, 8H), 7.72 (d, J = 8.4 Hz, 2H); °C NMR (CDCly): § = 21.5, 33.0, 55.5, 101.5, 108.8, 110.3, 112.5, 118.0,
120.7, 126.4, 126.7, 126.8, 127.0, 128.2, 128.9, 129.8, 132.4, 137.0, 139.9, 143.7, 154.2; HRMS (ESI"):
Caled for CysHysN,05S, M+H™ 433.1580. Found m/z 433.1574.

3r:

Ph

Br H/TS
A\
N

\

IR (ATR): 3271, 3071, 1637, 1475, 1371, 1333, 1161, 1088 cm™'; 'H NMR (CDCLy): & = 2.46 (s, 3H), 3.78 (s,
3H), 6.54 (d, J=11.6 Hz, 1H), 6.85 (s, 1H), 6.91-6.97 (m, 2H), 7.17-7.40 (m, 9H), 7.66 (d, J = 8.4 Hz, 2H);
C NMR (CDCly): 8 =21.6,33.1, 108.9, 111.1, 113.2, 117.1, 121.6, 121.8, 125.2, 126.1, 126.6, 126.9, 128.2,
128.3, 129.8, 130.0, 135.7, 136.5, 139.5, 144.0; HRMS (ESI): Calcd for C,4H,,BrN,O,S, M-H™ 479.0434.
Found m/z 479.0434.
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3s:

Ph
- N/TS
N\ H
N
\

Br

IR (ATR): 3242, 1651, 1599, 1327, 1163, 1146, 1119 ecm™; "H NMR (CDCL): & = 2.4 (s, 3H), 3.78 (s, 3H),
6.48 (d, J = 11.6 Hz, 1H), 6.72 (s, 1H), 7.01-7.10 (m, 2H), 7.13-7.32 (m, 9H), 7.65 (d, J = 8.4 Hz, 2H); *C
NMR (CDCly): & = 21.5, 33.1, 108.8, 114.2, 118.2, 122.9, 123.1, 124.0, 125.6, 125.7, 126.4, 126.7, 128.1,
129.7, 129.9, 137.1, 138.2, 140.4, 143.7; HRMS (EST): Calcd for CasHBrN,0,S, M-H™ 479.0434. Found
m/z 479.0434.

3t:

Ph

—

N—Ts

N\ H

N
IR (ATR): 3258, 1634, 1450, 1323, 1161, 1090 cm™; 'H NMR (CDCLy): & = 2.47 (s, 3H), 2.50-2.60 (m, 4H),
4.08-4.15 (m, 2H), 6.42 (d, J = 11.2 Hz, 1H), 6.62 (dd, J = 8.0, 0.8 Hz, 1H), 6.79-6.85 (m, 1H), 6.87-6.93
(m, 1H), 7.08-7.37 (m, 9H), 7.73 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;): § = 21.6, 24.0, 27.4, 43.9, 100.9,
109.7, 117.6, 119.2, 119.6, 120.3, 120.8, 126.4, 126.7, 126.9, 128.3, 129.8, 130.6, 132.8, 137.1, 139.6, 143.8,
144.1; HRMS (ESI"): Caled for CagHasN>0,S, M+H 429.1631. Found m/z 429.1621.

5:

Ph

N —Ts
N\ H
N

\

IR (ATR): 3277, 3034, 1597, 1452, 1323, 1153, 1092 cm™'; "H NMR (CDCly): & = 2.44 (s, 3H), 3.49-3.70
(m, 2H), 3.73 (s, 3H), 4.31 (t, J = 7.6 Hz, 1H), 4.36 (t, J = 6.4 Hz, 1H), 6.77 (s, 1H), 6.97-7.02 (m, 1H),
7.16-7.31 (m, 10H), 7.66 (d, J = 8.4 Hz, 2H); °C NMR (CDCly): & = 21.5, 32.7, 42.5, 47.5, 109.4, 113.9,
119.15, 119.20, 122.0, 126.7, 126.8, 127.0, 127.1, 127.9, 128.7, 129.7, 136.8, 137.2, 141.1, 143.4; HRMS
(ESI"): Calcd for Co4H,sN,0,S, M+H" 405.1631. Found m/z 405.1621.

Ph
—Ts

/Z; /g
Iz

IR (ATR): 3279, 3034, 1599, 1472, 1408, 1323, 1157 cm™; "H NMR (CDCl;): § = 2.32 (s, 3H), 2.45 (s, 3H),
3.54-3.78 (m, 4H), 3.80-3.90 (m, 1H), 4.38-4.52 (m, 2H), 6.90 (t, J = 7.6 Hz, 1H), 7.10-7.35 (m, 10H), 7.61
(d, J = 8.0 Hz, 2H); °C NMR (CDCLy): & = 10.4, 21.4, 29.6, 42.4, 46.3, 108.1, 108.9, 118.6, 119.1, 120.7,
125.9, 126.4, 127.0, 127.5, 128.4, 129.6, 135.3, 136.3, 136.8, 141.5, 143.2; HRMS (ESI"): Caled for
C,sHyN,0,S, M+H" 419.1788. Found m/z 419.1783.
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7:

Ph

MeO N’¢S
N
N

\

IR (ATR): 3279, 2930, 1489, 1325, 1157, 1092 cm™; 'H NMR (CDCLy): & = 2.44 (s, 3H), 3.49-3.67 (m, 2H),
3.68 (s, 3H), 3.74 (s, 3H), 4.30 (t, J= 7.6 Hz, 1H), 4.54 (t, J = 6.4 Hz, 1H), 6.73 (d, J = 2.4 Hz, 1H), 6.74 (s,
1H), 6.84-6.90 (m, 1H), 7.16 (d, J = 8.8 Hz, 1H), 7.19-7.31 (m, 7H), 7.66 (d, J = 8.4 Hz, 2H); '°C NMR
(CDCLy): & = 21.4, 32.8, 42.6, 47.3, 55.7, 101.1, 110.1, 112.0, 113.3, 126.9, 127.05, 127.13, 127.2, 127.9,
128.7, 129.6, 132.6, 136.7, 141.1, 143.3, 153.7; HRMS (ESI"): Calcd for CpsHyN,05S, M+H" 435.1737.
Found m/z 435.1729.

Ts
N

\

IR (ATR): 3044, 1558, 1456, 1354, 1169, 1090 cm™; "H NMR (CDCls): § = 2.35 (s, 3H), 3.89 (t, J = 8.0 Hz,
1H), 4.01 (s, 3H), 4.15 (dd, J = 12.4, 7.2 Hz, 1H), 4.71 (dd, J = 12.8, 8.4 Hz, 1H), 6.85-6.91 (m, 2H), 7.00—
7.25 (m, 8H), 7.35-7.42 (m, 3H); °C NMR (CDCL): & = 21.6, 31.9, 42.4, 67.4, 110.2, 110.4, 118.6, 120.3,
121.1, 122.8, 126.5, 127.2, 127.9, 128.4, 129.6, 132.1, 140.5, 141.7, 143.7, 144.5; HRMS (ESI"): Calcd for
C»4H53N,0,S, M+H" 403.1475. Found m/z 403.1461.
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Determination of Stereochemistries:
The stereochemistry of the product 3a, 3b, 3¢, 3d, 3e, 3g, 3h, 3i, 3j, 3k, 31, and 3n was determined by nOe
experiments. Curved arrows shown below indicate the observed NOE. The other products were assigned by

analogy.
MeO, FsC
o G LG Qo o)
Ph H H s H
- H/TS ”/TS - N—Ts - N—Ts N—TS
H H
Ot o o e
\ N\ N\ \ N\
\
(2)-3a (2)-3b (2)-3¢ (2)-3d (2)-3e
i /\H /NH '/_\H y
Bu BzO(HC)4 Ph OMe phH CF
= NTe = NS = -8 =\ n/@/ ’
H ¢ i
H>— H—t N0 "
N\ \ N N -
\
(2)-3g (2)-3h (2)-3i \ (2)-3j
7 7
A Ph. ' o Pr:/_\ H
NS NS Ts
N\ H, N\ H /\/\ N
) -/ Dt
N N N
\ \ \
(2)-3k (231 (2)-3n
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2q-§9-18-colunn

rile: n 5 ia

Pulae Sequence: s2pul

Solvent: odeld
Babient temperaturs
Operator: vmnrl

File: zq-69-1E-column
Mozoury-008B  "rBaig:

16 repetitions
OBSERVE R, 400.4411637 wuz
DATA PROCESSING

Line broadening 0.2 Ha

FT size 65536

Total time 1 min, 32 sec

476

29-69-13¢-columa

File: ’ £ia

Pulge Sequence: s2pul

Solvent: cdels
Aabient tempsrature
operator: vamrl

File: 2q-69-13C-colunn
Mercuzy-400BB  "Variam-fme

108.946
106.263

Relax. delay 0.700 sec
Pulse 45.0 degress
Acq. time 1.300 sec
width 28154.6 Hz

192 repstitions
OBSERVE ©13, 100.6910215 Mz
DECOUPLE K1, 400.4431966 MHz
Power 41 dB.

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 17 min, 51 sec

Ph

J
i

=

i

77.315

‘ MW%WWMWW

77.000
76.678
29,672

21.508

N

10.820

\

)

160 140 io0

80

|

S12
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2q-74-1H-column-05-31
Pile: exp

Pulse Sequence: s2pul

Solvent: odeld
Fmbient temperature
oparator: vomrl

Hercury-4008B

Relax. delay 3580 e o
Pulse 45.0 degress |
Acq. time 3.503 se

16 repetitions
DATA PROCESSING
Line broadening 0.2 Hz

PT size 65536
Total time 1 min, 32 sec

—

%

3b

HL, 400.4411630 otz

7.666
“-6.272

N—Ts

3,713
3.660

2.485

2q-74-13¢-columa-05-31

Fila: exp

Pulse Sequence: s2pul

Solvant: edeld
Aubient temperature
operator: vamrl

Hercury-40088

Relax. delay 0.700 sec

Total time 58 hr, 7 min,

“varian-mm"

143.671
137.023
136.657
136,401
135.552
120,717
129,042
126.994..
126,294
126.218
125,691
121.159
121.005
119.658
118.258
117,733
108.524
106.430

5 sec

N —Ts

3b

77.315
-77.208

77.000
- 76.678

it
3.01

RTET

055

S

29.586

- 21.530

20,581

10.827

e

S13
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2q-75-18-colunn

File: _lab/zhao_ ria

Pulse Sequence: s2pul

Solvent: cdeld
Amblent temperature
Operator: vamri

File: 2q-75-1¥-column-03-30
Mercury-20088 *Varian-Mmd =

e

7.612
7.328
7.207
7.260
1
7.102
7.160
7.133
7.120
6.960
£.931

6.273
3.2
3.706
247
2.057

Relax. delay 1.500 sec

T size 65536
Total time 1 min, 32

MeO

=i N—Ts

EN
T

w
0 —

05

s
o
o
1:
0;
9
1
13
0;

2q-75-13¢-column
File: axp

Pulse Sequence: sipul
Solvant: edels

Anbient temperature
Operator: vmel
Hercury-40085  *Varian-MR"

77.322
77.000
76.685
55,181
29.664
21.508
10.798

Relax. dslay 0.700 sec

158.568
143,627
137.009
135.523
132,170
129,812 ~
129,695
129.600
126,943
126.196
121.1a4
120,127
118.458
117.579
113,72
108.816
106.517

3
3
3
=

OBSERVE €13, 100.6910201 tmz
DECOUPLE H1, 400.4431968 Mz [

Total time 56 hr, 7 min, 5 sec

MeO,

N—Ts |

I A B e S R I A A NN RO

220 200 180 . 160 140 120 100 80 60
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2q-73-1H-columa-05-31
File: exp

Pulse Sequance: szpul
solvent: odeld

Ambient temperaturs
operator: vamri
Mercury-400BB "Varian-EMR"

Relax. delay 1.500 sec N B N ] J ~ v

Pulse 45.0 degrees

Total time 1 min, 32 sec

s:
2.02
5.00
1.06
loa
o
5
o
o
o
a
.0

2q-73-13C-colunn-05-31
File: /home/vnmrl/vamreys/data/murakami_lab/zhao_giang/2q-73-13C-colunn-05-31-3st.£14

Pulse Sequence: s2pul
solvent: odell
Ambient tamperaturs R
operator: vamzi
File: 2q-73-13C-column-05-31-3st 3
Hercuxy-40085  “Varian-mmRY

144,022
143.220
137.140
136.877
135.779
129.871
128.246
126.877
125.980
125,837
125.376
125.339
125.295
125,255
123,597
122,894
121.474
119,929
118.2¢5
116.17¢
109.085
105.535
76.585
20.773
21.57¢
10.900

Relax. delay 0.700 sec

- 77,322
77.205

Total time 58 hr, 7 min, 5 sec il

FsC
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2q-81-1H-PTIC-overnight -evaparation

File: 7 i3 s £1a

Pulse Sequence: s2pul

File: sq-91-IH-PTLC-overnight-evaparation
Hezcuzry-400BE! $vdZigh- FEE] EE-E -] a3 g 2Z

AR EEAA 5 e : af
Relax. delay 1{50p decl A I |

Pulse 45.0 dsgrdes: - - . - ///
Acq. time 3.502 s&o -l -
Wideh 6402.0 7z S :

16 repatitions

004411626 iz
DATA PROCESSING
Line broadening 0.2 Hz

FT size 65536
Total time 1 min, 32 sec

()

9 8 7 6 5 4 3 2 1 0 ppm
B e I I B w w
0.05 3.09.09 1.07  0.08 3.08 3.20
2,00 118106 1.95 100 - 0.11 3.08

2q-91-13C-PTIC-05-31

Filer

o

FPulse Sequence: sdpul
Solvent: cdeld

abient temperature
operators vmmri
Mercury-400BB "Varian-NMR®

Relax. dalay 0.700 se0 HREGR I R S Sh s 4 :
Fulse 45.0 dsgress 35358 888888839498¢8 ERE & R s
Acq. time 1.300 sec ; | | i
wideh 24154.6 ne Ly : i
11646 repaticions | 1 i i
omsERvE €13, 100.6910107 wmz o j
DECOUPLE H1, 400.4431966 Mz i i1 H i i :
bover 41 a5 . i [
amtimmonsly on | i : ;
\aLrz 16 modulaved [ b ; |
DATA PROCESSING ! 1 i : |
Line hroadening 1.0 Kz | | I
FT size 65535 ! : |
Total tine 591181 hr, 34 min, 56 sec i |
i
|
! |
i
—
N/TS
|
1 ‘ |
| | |
]
‘ ‘ |
1 |
| |
AN . ‘ -
T e e e e e B R e T T T T S R—.
220 200 180 160 140 120 100 80 60 20 20 0 pom
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2q-112-18-GPC

0T 0—,

189°E

198°E

Mazcury-dooen ~variaghglh
]

Relax. delay 1.500
time 3.
16 repetitions

OBSERVE N1, 400.4411630 Mtz

N—TS

—

7 Nz

3f

e

Fsee

Free

whe

Fsors

eerenn

wenn

seecen

oroent

o

ssa°071
0s-02t
220zt

50Tz

soetzt — L

e —

overeer —
ot |
ooty —

et —

W00 13675 165

1

10,50

008

e

B8

et —

1.7

e —

T[T TTTT

T T

29.5

05z —

32i00

" — feo,

228

T

nhs

fepee — —

URRERAR

.00

T

10850

at9ra0r —

[TTTTTs

108,73

w0 |
ozea0t — -

[T

103,00

sto°zTr —

n2.00

~dept-1££t.als

H |

Fi\murakami labo\zhao\k-zhao-NO_112:

pt-1££t.als

COMNT DEPT with decoupling

DATIM 27-05-2015 06:19:14

DFILE K-zhao-HO_112-de)

209712

2.0 ¢

- 189°01
— st

£09°€T

- 816°02
Ium 16412
8ES°TZ

885762
[ 229°62
¥iz'ze

beLE

50

819°801
—~ozieot

- 08Z°8TT
M\H 5557811
2£0°6TT

= Geen
0597021

\— bzL 021
= 6£0° 12T
] 21e 12T

L I/I 126921
L159°621
085621

999621

Fi\murakami labo\Zhao\k-zhac-NO_112-NNEB-1fft.als

| HJ il

|

2

3

3

o3
s

is
i
ELN
T

§3 $du »
Fe2 i8x o
828 Phowa
Had ghgee

4. JAREA
238 3oats

Fiz Asmas

Eab & 8
338 3

§5%,

TELsE =
LdnEd 8
apzgsga
B EHE E LI
E528a88RE3TE26

[ ze9ior
£6°0T

—— To9ET
- z8L €T
015°1Z
ez
w

685762

| 229°62

vizeze

£LecLe

50

e 199°9L
=/~ ooit

Imsu.t.
6TELL

I
100

__——62E20T

L19°60T
—ozesor

—— 9T10°ZTT

6127811
L £55°8TT
SE6°81T
0£0°6TT
LYE'6TT
££9°02T
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axp

2q-145-18-EPLC

Fide

Z9ETOT o e P -

L9s Tz
L30T eerzT

sz - -

BT E e e —— = 29976z - - B

e - —_
osve -

50

- 597

T
60

6865~ r
896 -
£TETs L 2
sTE9-
819
TvE'S L 000" 4L
vets i ol E e
- zzerLL

58979 -

|
|

9vE79
66L79—

80

T089
6189
vom's N I

| L
¥ \ >

smate - ee—— . 7 z— @
TTT L~ H

STT L~ s

N—Ts

20

g
T
100

oET L~ it

teTL

98T - i =

05T - R =
£STL— .

sTz°e

svze = .

ses LOT - -

L)

TLL 80T " - I

T
110

S.E
e
ser vt e —————————— —_— - —_—=
T e E—— B—

; soz-1er W
oty

\
=z

i, lab/zhac

56 sec

v88°eT

- y orers -
i

tina 1.300 sec

: s2pul
"Vazian-MIR"

=3

Pulse 45.0 degrees] |
400.4411628 Mz

—

T

9
SVEFig-tRe

Rrelax.Jdelay 0378 fho
100.6910105 Mz
400.4431966 iz

Pulse 45.0 degrees

vamzl

Mercury-40088
1,

o
-
-

Pulse Sequence

Solvent: adels

anbiens temperature
0BSERVE

Line broadening 0.2 Hz
Total time 1 min, 32 sec
Solvent: cdeld

Ambient temparature
67008 repetitions
oBszRvE €13,

Power 41 dB
continuously o

acq.

Total time 561181 he,| 34 min,

Pulse Sequence: s2pul

2q-145-22C-HETC
DATA PROCESSTNG

Mercuryga00sR
PT size| 65536

DECOUFLE HI,

File

S18



2q-146-18-GPC

File: wm

Pulee Sequence: s2pul

Solvent: edel3

Anbient temperature

s9¢
e

t
T

o6E"T

vov
ey
seo
299
69
669
6o
a
seu

sz
e

062"
505"
Lz
g™
vee-
e
ey
o
029"
sg9°

ey
€8
ves
Bes
8
85

T
T

.a‘
oo

-1
‘T
-1
1

v

.-“Q‘laﬁdal"!y.il.ﬁﬂﬁséc;r'»'.ir’p'.~'.7'.ié-ih'r'Er’r'.‘Jr:'.i.ir’r'.~'.~'Er‘h‘r'xir'r'..'.-'u'u;u;m’m'v;-a‘-éu;-a'“;u;u‘;u;‘;a‘?'q'q'q'J-‘nm««««««nnu’«'m‘

|

DATA PROCESSING

Line broadening 0.2 HZ

FT size 65536

Total time 1 min, 32 sec

BzO,

[

ppm

0o°
vo"

2g-145-18-GrC

File: /home/vimrl/vemseys/data/mirakani. 1ab/ZHAD/ 2q-146-13C-GRC- 55t . £16

Pulee Sequence: sapul

Solvent: odcld

Ambiest temperature

coror
verrze
v
e
sesvoe
cuerse
PR
s
o001t
sov's -
ot
oze-sot
wua00t
ssveene
avevans
£8Y°6TT N\
Juesen \
STTTET [OOSR
corras
sacrser
ost-ac
P
esurzer . —
onoses
srevser
s06-3c1
v
o —
H 12}
8 _ﬂ
: i : zT

Rm N g . B

SR8 a4 L /

g% o 23 - 2 .

Ei s3¥ % 3 3 _
LA FENTEIN] Nz
IPY RSP FRPES LI FY

s Fo-siiddegipis o

He gLacib foE%s
587 G483 ,ufs8Bc) N
§.0 ds.afEEadefiis )

§88 ddggeiclidsdvy
igf daienggalEgacs
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2q-98-IR-PTIC-0603
.gia

File: ’ i_lab/ZHRO/2q-98 -

Palse Soquenca: s2pul

Solvent: cdels
ambient cemperature
aperat
File:
Mexcury-40088

ort vamrl
2q-98-1H-PTLC-0603
“Vardan-NR"

Relax. delay 1.500 sec
Pulse 45.0 degress

Boq. vime 3.502 sec

SWidth 6402.0 Hz

16 repetitions

HI, 400.4411630 Mz
DATA PROCESSING

32 sec

Total ‘time 1 min,

7.208

7.738
7.733
7.225
220
7.010
7.012
6.998

7.158
7

©
@
i

9
0.93
5.00

2q-98-13C-PTLE-0604

File: /home/vomrl/vamreys/data/murakani_lab/zhac_giang/4604_13C.£1d

Pulse Sequence: s2pul
solvent: odell
Bubient temporature
operator: vamri

Fila: 4604_13C
Hercury-40088  “varian-m"
Relax. delay 0.700 sec
Pulse 45.0 degress

Req. tims 1.300 sec :

--163.093
- 135.615

oBs!
DRCOUPLE H1, 400.4431966 Mz
Power 41 4B |
contimously on

7Total time 5811 hr, 48 min, 56 sec

OMe

1.07
2l01
1,06
5
o;

- 135.6548

131.628

5.969

—6.272

118,480
117,645

108.889
106.393

- 770318

058

37,600
76.685
55.653

1.564

20.730

-e=10.500

T T

120

100
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2G-103 - 1H-PTLC

CF;

o7 ') ! ; ]

oLz B

2oz - S .

8L9°9L -
000° 4L

861 4L

stetLL E

e

oziE

290" 90T

LL6°80T -~

- ¥00°8TT

s0T6TT E
8Lz 6TT

wzs e
T8 SeT— Lo ;
£60° 021 %
6ozozT :

s0e° 52T —
Tvetszr—,
sierort
9867521 - = Z

€82 LTT -
TEE LET

perec S e =
{ T2y 8z

oce’ sv5 ezt
vereser o s e -
§ e on°t o0-vet
“““ a0 Legver -
999" ¥ET
i 667 vET
szu geT -
290" L€T B
6ET 5ET

£

g1

seTeent

CF3

sz
0sz°
592"
vez
ez
coe
LS

43 sec

8L
258"

E S N N N N N N e AR SR R

o}
\
S

\
J

3

o

szpul
Varian-Nm:

e
400.4431966 MEz

400.4411630 1z

G

ede13
vanrl
File: 2g-103-13C-PTIC-3st
datay 0.700 sec

ambient temperarure
el
Hercury-<008n
i
mss:
Solvent: odels
subient temperature

Pulse Sequences sZpul
Relax.

Pulse Sequence:
solvent

aslax. delay

Pulse 45.0 degress
DATA “PROC:

Total time 1 min, 32 sec
2q-103-13¢-PrTEC

File: /home/enmrl/
Operator:
Hercury-40088

DECOUFLE  BL,

BT size 65536

Total time 5 hw,

ppm
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2q-99-1R-PTIC-0603

File: /home/vamri/ x .£ia

Pulse Sequence: sZpul

Solvent: odeld
Asbient temperature
operator: vamrl

File: zq-39-1H-PTIC-0603
Mezoury-400BE  "Varian-miRs

Relax. delay 1.500 sec b
Pulse ¢5.0 degreee

2.309

Total time 1 mim, 22 sec

7.278

216
L 7.203

i
i
i :
- : . .
92 8 6 5 4 3 2 1
2a-s-tu-emic
File: oxp
Fulse Sequence: szpul
Solvent: cdc1s i
Jnbient temperature
operators vimrl
Mercury-40088  "Varian-Nm" i
Relax. Gelay 0.700 see P D B O frge @ S S
Fulee 45.0 dsgress f5R8a0a88858d9858834938¢8 BEER B 8 E

512 repetitions
omsERvE 13, 1006910179 s
DECOUPLE  H1, 400.4431955 Mz [BERE I
Fover 41 as ]
cont inuously on
WALTZ-16 modulatad
DATA PROCESSTHG

Line broadening 1.0 Hz
FT size 65536 I |
fotal time 17 min, 51 sec

\

A S SRS i MW iy sl s
L ' T (R 1

220 200 180 160 140 120 100 80 60 40
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29-102-18-PTLC

Fila: /home/vamel/vomeoys/deca/muirakani_lab/zhao_giang/aq-102-1H-PTLE .

Pulse Sequenc

s2pul
Selveat: cdeld
temperature
vomel
102-1H-pTIC
Mercury-40083

Varian-NHR!

7.375
7.357
s

Relax. delay 1.500 sec
Pulse 45.0 degress

Acq. time 3.500 sec

Wideh 6402.0 Hz

16 repetitions

OBSERVE  H1, 400.4411630 ¥z

Total time 1 min, 32 sec

2q-104-13C-P7LC

7,279

7.271
7.260
7.285
7.219

7.241

7.240

File: -
Pulse Sequence: sapul

Solvent: cdels
anbient temperacure
Operator: vemri

File: 2q-104-13C-PTIC-3st
Hercury-4008E  “Varian-imx

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Wiath 24154.5 Bz

12544 repetitions

OBSERVE C13, 100.6910201 Mz
DECOUPLE B, 400.4431966 Mz

Total time 581 Bz, 10 minm, 52 sec

€ia

Ty

7.214

139,326

7.208

137.277
135.588

128.370
126.577

7.043
o
6.261
6.232

122.030

1317337
118,727

--118.502

116.664

109.036

L0571
037
3.017
2.240
555
675
655
1.635
4
1.012
35
1,374
0.926

21.355

25,388

77322
76.685

29.752

0.985

b}

10,966

220 200 180

160
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29-65-18-column

Files ’

Mercury-400B8  “Varian-tom"

Relax. delay 1.500 sec
0 degres:

DATA PROCESSING
Litia broadening 0.2 Hz

—3.690

3.075

—2.277
=2.737

053

IS
=

1.272

#q-§5-13C-column

Filer y

Relax. delay 0.700 sec
Pulss 45.0 degrees

Acq. time 1.300 sec

width 24154.6 Bz

512 reperitions

OBSERVE €13, 100.6910157 Mz
DECOUPLE HI1, 400.2431966 Miz
Power 41 A8

DATA PROCESSTNG
TLine broadening 1.0 Bz
FI size 65536

Total time 17 min, 51 sec

b

1%

i

J,«w

109.146

106.327

i s

bttt et

3.00 |

3,09 (W -

128

3.0

— ——29.788

ppm.

160
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120

100

80
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2q-122-18-PTLC

rile:
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2q-161-10-PTIC

File:
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1H-pTLc. £ia

Rcair uwn "Varian-mme

Relax. delay 1.500 mes
Pulse 45.0 dagress
Aoq. tims 3.502 sec
With §403.0 Bz
16 repatitions
i, 400.4411882 Motz
DATA FEOCESSTNG
Tine hroadening 0.2 iz
FT size 63538
Toral time 1 min, 32 sec

7748

7.780
7,789

V'V‘(‘l‘lﬁ‘r-‘ﬁ [TT/?TI =

B 7
3z 2B 93

0.99
1.20
1.00

T ’I TT I.,I;r IIﬁ—rr‘l—rJ Hk T T T ,.l_. B “L‘

3978

3.08
0.50

3.654

Ph

|
| =
i

—Z

N—Ts

3 2 1 0  ppm
s 1ET g
] 4 5% E
Y I
.=

_in ,
N ik TVIJIYI VFT_Y'TTI 'L IIJTIT—I_]'

A
Q!

EXMOD
\ OBIRQ  150.92MHz
OBSET [
OBFIN 174 He
3 POINT 63536
D | FREQU 4166667z
k SCANS 00
ACQIM 1579 sec
. : veM D 1.0000 s
T T T T T T T T 1w 1140 usee
100 7 50 5 u
B4e
SLVNT
) 700,
BF 030z
g ﬁg*g RGAIN 60
: 484
= ANAS
DFILE f0_162-NNE-IkfLals
single pulse decouplod gated NO NOE.
DATIM  2015.08:27 15:08:53
OBNUC  13C
EXMOD  single_pulse_des
OBFRQ 15092 MHz
OBSET 852Kz
OBFIN 174 Hz
POINT
BEU  4ldsteris
SCANS
A 19
—veRr
: — — o m R e
100 7 s0 25 RNUC  1H
CTEMP 27¢
SLVNT  CDCL3
EXREF 7700 ppen
BF 0.30Hz
ggi as ¢ RGAIN £
a2 53 7
ERE a8 Aaaa
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Kusaka-zhao-No_|60-NNE-1kdLals
COMNT  single pulse decoupled gaied NO NOE

ppm
Y7
o Tul
|
= T
b
| N O
1
i
/
T
DFILE Kussia- zhoo-!
COMNT  DEPT with decoupling
DATIM  2015-05-28 0921:18

= |m i [ Im W| : vl
et — - ] [= - AF T
] acs H i r - dF ==
b j J — [ <<% — X<
| = 8 =

T

2
T T
.

2q-160-18-PTLC
Pulse Sequence: s2pul

vile:

T . L i L
I . —= L B
| b 4357 2T ¥
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e H [ I
| ! (2]
L i r Lz e = [ v
IF L loL ,an r
ey | 2 J T L, ‘
§ \ = ,% i : ! - N5 — ol —
- i L
: £ = (=2 - ) = b | L[ e ™ L
o ™ | z .

OBSERVE  H1, 400.4411626 Mux

DATA PROCESSING
Line broadaning 0.2 Ex

7ile: 2q-160-1M-PTLE

Mercury-40088

¥T size 65536
Total time 1 min, 32 sec
MeO
£
P ;
Jﬁ—r
"\ﬁ
MeO.:
e
%
[ T
s |
2
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" Br.

2q-291-2H-PTEC

File: i Leia

Pulse Sequenca: s2pul
Solvent: odels

ambient temperature
operator: vomcl

File: 2q-191-1H-PTLC
Morcury-400BE "Varian-NR"

Relax. delay 1.500 mec

-6.997
6,988

-2.468

16 reporitions
OBSERVE  H1, 400.4411626 Wz
DATA PROCESSING

Line broadening 0.2 Hz

PT size 63536

Total time 1 minm, 32 ssc

Ph

N—Ts
H E
N g 348
ggitd
N o
\ )
{
3r 3
3 i
8 g H
cEE i
2 | :
! | o
o il 38
i I i Y
4 ! i
L !
; |
. . o .
9 8 7 - 6 5 4 3 2 1 0 ppm
38 %238 353 % 8§ 23 5
B mdne ed4 e o« -

Fimurskaen! b\ Zhach6001 ujits-zboc-600-DEFT2-1 M.als

TN
T T T 77—] T T T | T T T I T T T ‘ T T T T T T \ P T T T r
140 35 |Jl’0 H ‘ ‘ ' 125 I 120 ns 1o
| 1 l 1
\ /N A | | | \
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838888 28 5 8 2
gRiEE s 3 -3 i
ke ot Zhao 00 ho-600-NNE s
2z
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3g3 ] g 3 i3 g 3 s B
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0 o 12 ) s ‘ o
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[l [ [ |
3 gzgie Zg g 82 8 g g g g2 g
2 BEEEE 43 4 3z &8 R R g
b b Zhao SO ha0-600-DEPY2- s
DFILE jita- 1fiLals.
COMNT  DEPT with decoupling
DATIM  2015-06-05 14:48:41
OBNUC  13C
EXMOD  deptex2
OBFRQ 150.92 MHz.
OBSET 6.10 KHz
OBFIN 7.12Hz
POINT 104856
ll‘ ‘1 IN L { ‘l l 2154221
soans st
Ao e
_PPM_ PD 1.2000 see
T T T T T — — i oy
150 100 kA 25 IRNUC
l K gLI'EMP R6¢c
A \ NNT
EXREF 33.08
Ph {1 \ Ex om
— ] 28 RGAIN 0
N-Ts B

Emarskami labo'Zhaoi6000T

o iffLals
COMNT  single pulse dosoupled gated NO-NOE
DATIM 20150643 12:52:31

OBFRQ  150.92Mliz
OBSET 610KHz
OBFIN 7,12 Hz
3 POINT 262144
FREQU 3019324 Hz
L l SCANS. 1049
ACOTM 21706 ses
PPM D 80000 sec
T T T T T T T T T T T T T T T W 380 usee
100 25 50 2 IRNUC 1
| ) CTEMP 2n1c
SLYNT
\ \ ( \ EXREF 77.00 pom.
BF 0.12Hz
a2t i3 i o
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2q-194-18-PTIC

sev'e

0851

Lov'e

vsLe

sLe'e

14

"Varian-mR

s2pul
400.2411626 dE2

Thome rvmmr
H,

Line broadening 0.2 Hz

Relax. delay 1.500 sec
BT size 65536

Pulse 45.0 degrees

Mbient tewerature
Acq. time 3.502 sec

16 repetitions

Solvent: edols
File: 2g-194-18-PTIC

rile
Pulse Sequence:
Hercuxy-40088
oBgERVE

32 sec

Total time 1 min,

vovs
£6v°9

5T
20°s
EaH

e

s0°

2q~194-13C-PTIC

g4

hame i/

Fite

Fulse Sequence: sZpul

solvent: odeld

Aubient temperaturs

File: 2q-194-13C-PTIC-Sst

Varian-MR"

Mercuxy-4008%
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2q-319-1R-PTEC

Files

i_1ab/zHAO/

Pulse Sequence: s2pul

Solvent: cdels
Temp. 27.0 € / 300.1 X
operator: vanrl

Pile: 2g-319-1B-PTLC
Hercury-400BB  "Varian-MiR

Relax. delay 1.500 sec
Pulse 45.0 degrees

Aoq. tima 3.502 sec

Width 6402.0 Bz

16 repetitions

OBSERVE W1, 400.4411632 wEz
DATA PROCESSING

Line brosdening 0.2 Hz

FT size 65536

Total time 1 min, 32 sec
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2q- 589~ 1H-PTLC

ey

File
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axp

File:

Pulse Sequence: s2pul

Solvent: cdel3

operator: vamr
Hercury-40088

"Varian-meme
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2q-222+A%-colum

File: /home/vamri i3 oo

Pulse Sequence: s2pul

Solvent: edols
anbient temperature
operator: vamel

File; 2q-222-1H-colum
Hercury-40058 “Varian-im®

Relax. delay 1.500 mec
Pulse 45.0 dagress
Boq. time 3.502 sec

7.260
--7.220

OBSERVE  HL, 400.4411630 Wiz
DATA PROCESSTNG

Line broadening 0.2 Hz

5T size 65536

Total time 1 min, 32 sec

Ph

N—TS
H

N

N
\
6

7.672

2Q-222-13¢-column-2014-09-11

File: - ams_ -222-1:

Pulse Sequence: sapul

Selvent: cdeld
Fubient temperature

Operator: vanrl

File: 2q-223-13C-colunn-3014-09-11-65t
Hercury-4008B  "Varian-NmR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

width 24154.6 @z

640 repetitions

OBSERVE  C13, 100.6510120 Mz
DECOUPLE 1, 400.4431366 Mz

Total time 58 bz, 7 min, 5 sec

Ph
N —Ts

c.’/z/

143.207
121,116

B ia
Ra%es i
EEER R |
| H
? T |
i
L T
5 5 4
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“gat.g1a
«358587
§a7337 8¢

137.228
136.774

120
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3q-175-18-PTIC

File: .ia

Pulse Sequence: sapul

Solvent: cdold

Jmbient <

operator: vamr

Plle: 2q-175-18-PTIC

Mezcury-40088 *Varian-dg® 3
%3
RN

L

Relax. delay 1.500 sec
degrees

Total time 1 min, 32 sec

Ph

MeO. H

6728

—4.550

3.671

~3.605
3.562

\—3.496

2.435

~1.628

.283

L1084

2q-175-13¢-PTEC

File: /home/vamrl i 1

Pulse Sequence: s3pul
solvent: odcls

Ambient temperature

1
q-175-13C-PTLC-49t
Nercury-400FB "Verian-mm

Relax. delay 0.700 sec
Pulae 45.0 degrees

. 100.6910175 Mtz
400.4832966 Mz

Total time 58 hr, 7 min, 5 sec

Ph
N—TS

153,722

—~Z

R

143327
- 141,072

136,738

132,587

129,522

128,670

127.872

7327243

127.052

126.891

- 113.289

-101.083

77315

75,678

- s5.718

7,320

-42.570

22.801

21.442

220 200 180 160

S34




2q-229-1B-PTRC

sample: SUN-1-7
Fiie: / HE L£ia

Pulse Sequence: s2pul

Solvent: cdels
Anbient temperature
operator: vomzi

File: 2q-229-1H-PTIC
Hercury-40088 "Varian-suR®

4.688

Relax. delay 1.500 sec
Pulse 45.0 degreas

Roq. time 3.502 sec

Width 6402.0 Hz

16 repstitions

OBSERVE R, 400.4411623 MEz
DATA PROCESSING

Tine broadening 0.3 Hz

T size 65536

Total time 1 mim, 32 sec

~2.349

7.382
-7.361

738
6.6
0 _Z o

7.406
6.687

4737
4,172
gz
3.870
1.579

1.269

2.09
1.07
ER)
sl01 )
o

o

o
3.00
1.06

2q-232-13¢-PTIC

File: y rams Ty

Pulse Sequence: s2pul

Belvent: cdels
Fabient teparature
Operator: vanrl

File: 2g-232-13C-BTLC-65T
Hercuxy-400RE  “Varian-max

515

Rolax. delay 0.700 cec
Pulse 45.0 degroes

Acq. time 1.300 sec

Width 24154.5 Bz

512 repetitions

OBSERVE 13, 100.6930134 Mz
DECOUFLE HL, 400.4431966 Mz

140
129.500
128.414
77.315
76.578

Total time 581 bz, 10 min, 52 mec

126.459
122.770
121.086
120,201
118.592
“T 1100398
67.417
42.402
31.526
21.603

132.086

141.709

144,527
143.728
110,204

A
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A
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