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Experimental Section

General. Melting points are uncorrected. IR spectra were recorded on a JASCO FT/IR-460 Plus
spectrophotometer and absorbance bands are reported in wavenumber (cm™). All NMR spectra
were recorded using a JEOL JNM-ECX400P spectrometer. 'H NMR spectra were recorded at
400 MHz. Chemical shifts are reported relative to internal standard (tetramethylsilane at &, 0.00
or CDClj; at 6y 7.26). Data are presented as follows: chemical shift (8, ppm), multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad), coupling constant and integration. **C
NMR spectra were recorded at 100 MHz. The following internal reference was used (CDCl; at 6
77.0). All °C NMR spectra were determined with complete proton decoupling. **F NMR
spectra were recorded at 376 MHz. The following internal reference was used (CFCl; at & 0.00).
High-resolution mass spectra were determined with JEOL JMS-GCmate Il instrument. Column
chromatography was performed on Silica Gel 60 PF,s, (Nacalai Tesque) and Kanto silica gel 60
N (63-210 mesh) under pressure. Analytical thin layer chromatography (TLC) was carried out
on Merck Kieselgel 60 Fu, plates. Visualization was accomplished with UV light and
phosphomolybdic acid stain solution followed by heating.

All reagents such as dimedone, 1,3-cyclohexanedione, styrene and its derivatives, and amines 2
are commercially available and were purchased from suppliers such as Sigma-Aldrich Co.;
Wako Pure Chemical Industries, Ltd.; Tokyo Chemical Industry Co., Ltd.; Nacalai Tesque, INC.
Dehydrated CH,Cl,, toluene, THF and CH;CN were purchased from Wako Pure Chemical
Industries, Ltd. 2-Diazo-6,6-dimethylcyclohexane-1,3-dione,’ 2-diazocyclohexane-1,3-dione?
and 6,6-dimethylspiro[2.5]octane-4,8-dione (1g)® were prepared according to literature
procedures.
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I. Preparation of spirocyclopropanes
Typical procedure for Rh"'-catalyzed cyclopropanation of diazodiones with olefins:

6,6-Dimethyl-1-phenylspiro[2.5]octane-4,8-dione (1a).*

0] O
N2 /\@ ha(OAC)4
+ _—
(@] @]

1a

According to the Miiller’s procedure,* 1a was prepared from 2-diazo-6,6-dimethylcyclohexane-
1,3-dione and styrene.

Rh,(OAc)s (22 mg, 0.049 mmol, 1 mol %) was added to a solution of 2-diazo-6,6-
dimethylcyclohexane-1,3-dione (817 mg, 4.92 mmol) and styrene (5.1 g, 49 mmol). After
stirring at room temperature for 1 h, the reaction mixture was purified by column
chromatography (silica gel, 20% EtOAc in hexane) to provide la (564 mg, 47%) as a white
solid: mp 126-127.5 °C; IR (KBr, cm™) v 2952, 2871, 1700, 1676, 1456, 1426, 1382, 1337,
1276, 1219, 1079, 787, 693, 501; *H NMR (400 MHz, CDCl,) & 7.31-7.21 (m, 5H), 3.26 (d, J =
8.7 Hz, 1H), 2.64 (d, J = 16.9 Hz, 1H), 2.57 (dd, J = 16.9, 1.5 Hz, 1H), 2.53 (dd, J = 8.7, 3.7 Hz,
1H), 2.34 (dd, J = 16.5, 1.5 Hz, 1H), 2.31 (dd, J = 8.7, 3.7 Hz, 1H), 2.22 (d, J = 16.5 Hz, 1H),
1.13 (s, 3H), 1.04 (s, 3H); *C NMR (100 MHz, CDCls) & 206.7, 201.6, 133.1, 129.5, 128.0,
127.9, 54.0, 53.2, 48.6, 48.4, 30.5, 29.3, 27.8, 22.1.

6,6-Dimethyl-1-(4-methylphenyl)spiro[2.5]octane-4,8-dione (1b) (Table 3, entry 1).

According to the typical procedure for Rh'"-catalyzed 0
cyclopropanation, 1b  was  prepared from  2-diazo-6,6-
dimethylcyclohexane-1,3-dione (166 mg, 1.0 mmol), 4-methylstyrene o)
(1.18 g, 10 mmol) and Rh,(OACc)4 (4.5 mg, 0.01 mmol, 1 mol %). The 1b

crude product was purified by column chromatography (silica gel, 40% EtOAc in hexane) to
provide 1b (106 mg, 41%) as a white solid: mp 85.5-87.5 °C; IR (KBr, cm™) v 2954, 1702,
1676, 1637, 1334, 1274, 823; *H NMR (400 MHz, CDCls): § 7.23-7.07 (m, 4H), 3.24 (t, J = 9.2
Hz, 1H), 2.63 (d, J = 16.5 Hz, 1H), 2.56 (dd, J = 16.5, 1.4 Hz, 1H), 2.51 (dd, J = 9.1, 3.5 Hz,
1H), 2.34 (dd, J = 16.5, 1.4 Hz, 1H), 2.301 (s, 3H), 2.298 (dd, J = 9.1, 3.5 Hz, 1H), 2.21 (d, J =
16.5 Hz, 1H), 1.12 (s, 3H), 1.04 (s, 3H); *C NMR (100 MHz, CDCl5): & 137.7, 130.1, 129.4,
128.7, 125.9, 54.0, 53.2, 48.9, 48.8, 30.5, 29.3, 27.9, 22.1, 21.2; HRMS (EI) m/z calcd for
C17H200, (M") 256.1463, found 256.1468.
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1-(4-Chlorophenyl)-6,6-dimethylspiro[2.5]octane-4,8-dione (1c) (Table 3, entry 2).
According to the typical procedure for Rh"-catalyzed o
cyclopropanation, 1c was prepared from  2-diazo-6,6-
dimethylcyclohexane-1,3-dione (200 mg, 1.2 mmol), 4-chlorostyrene 6]
(333 mg, 2.4 mmol) and Rh,(OACc), (5.3 mg, 0.012 mmol, 1 mol %) 1c

Cl

in toluene (2.4 mL). The crude product was purified by column chromatography (silica gel, 30%
EtOAc in hexane) to provide 1c (88 mg, 27%) as a white solid: mp 117-118 °C; IR (KB,
cm ) v 2969, 2957, 1703, 1678, 1497, 1374, 1335, 1274, 1216, 1098, 1077, 1016, 1006, 833,
796, 740, 512; *H NMR (400 MHz, CDCl3) & 7.25 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H),
3.22 (t, J = 9.2 Hz, 1H), 2.61, 2.58 (ABq, J = 16.8 Hz, 2H), 2.47 (dd, J = 8.7, 3.7 Hz, 1H), 2.37
(d, J =16.5 Hz, 1H), 2.31 (dd, J = 9.2, 3.7 Hz, 1H), 2.22 (d, J = 16.5 Hz, 1H), 1.12 (s, 3H), 1.05
(s, 3H); *C NMR (100 MHz, CDCl;) & 205.5, 201.7, 133.8, 131.7, 130.8, 128.2, 54.0, 53.2,
48.4, 47.3, 30.5, 29.2, 27.9, 22.6; HRMS (El) m/z calcd for CysH4;,CIO, (M") 276.0917, found
276.0916.

1-(2-Chlorophenyl)-6,6-dimethylspiro[2.5]octane-4,8-dione (1d) (Table 3, entry 3).
According to the typical procedure for Rh"-catalyzed cyclopropanation, 0] ol
1d was prepared from 2-diazo-6,6-dimethylcyclohexane-1,3-dione (166

mg, 1.0 mmol), 4-chlorostyrene (693 mg, 5.0 mmol) and Rh,(OAc), o)

(4.4 mg, 0.01 mmol, 1 mol %). The crude product was purified by 1d

column chromatography (silica gel, 20% EtOAc in hexane) to provide 1d (134 mg, 48%) as a
white solid: mp 73-74 °C; IR (KBr, cm™) v 2956, 1704, 1681, 1445, 1369, 1332, 1316, 1278,
1268, 1078, 1048, 996, 801, 770, 740; *H NMR (400 MHz, CDCls) § 7.32-7.19 (m, 4H), 3.19 (t,
J=8.7 Hz, 1H), 2.81 (d, J = 16.5 Hz, 1H), 2.61 (dd, J = 16.5, 2.7 Hz, 1H), 2.54 (d, J = 16.0 Hz,
1H), 2.45 (dd, J = 9.2, 3.7 Hz, 1H), 2.34 (d, J = 2.7 Hz, 1H), 2.30 (dd, J = 6.4, 3.7 Hz, 1H), 1.16
(s, 3H), 1.02 (s, 3H); *C NMR (100 MHz, CDCls) § 206.1, 202.3, 135.7, 132.0, 131.3, 129.2,
128.9, 126.5, 53.5, 53.1, 47.0, 45.5, 30.6, 30.4, 26.6, 21.9; HRMS (EI) m/z calcd for C.sH;,CIO,

(M*) 276.0917, found 276.0908.

6,6-Dimethyl-1-(2,3,4,5,6-pentafluorophenyl)spiro[2.5]octane-4,8- o F
dione (1e) (Table 3, entry 4). F
According to the typical procedure for Rh'-catalyzed OF E

cyclopropanation, le was prepared from 2-diazo-6,6- 1e F
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dimethylcyclohexane-1,3-dione (166 mg, 1.0 mmol), 2,3,4,5,6-pentafluorostyrene (970 mg, 5.0
mmol) and Rhy(OAc); (4.4 mg, 0.01 mmol, 1 mol %). The crude product was purified by
column chromatography (silica gel, 20% EtOAc in hexane) to provide 1e (114 mg, 34%) as a
white solid: mp 93-94 °C: IR (KBr, cm™) v 2965, 1704, 1678, 1521, 1394, 1450, 1376, 1335,
1317, 1279, 1193, 1084, 1011, 970, 884; 'H NMR (400 MHz, CDCl3) & 2.95 (t, J = 9.2 Hz, 1H),
2.69 (d, J = 16.9 Hz, 1H), 2.64 (dd, J = 16.9, 1.4 Hz, 1H), 2.56 (d, J = 16.9 Hz, 1H), 2.48 (dd, J
=16.9, 1.4 Hz, 1H), 2.32 (d, J = 9.2 Hz, 2H), 1.19 (s, 3H), 1.09 (s, 3H); *C NMR (100 MHz,
CDCl3) & 205.4, 203.5, 146.2 (d, J = 248 Hz), 140.7 (d, J = 249 Hz), 137.4 (d, J = 252 Hz),
109.3 (td, J = 16.3, 3.8 Hz), 53.3, 53.1, 43.3, 31.8, 30.3, 29.4, 27.4, 26.7 (t, J = 3.8 Hz); F
NMR (376 MHz, CDCl,) 8 -141.4 (d, J = 23.1 Hz, 2F), —154.9 (t, J = 23.1 Hz, 1F), -162.9 (t, J
= 23.1 Hz, 2F); HRMS (EI) m/z calcd for CisH15Fs0, (M) 332.0836, found 332.0827.

1-Butyl-6,6-dimethylspiro[2.5]octane-4,8-dione (1f)! (Table 3, entry 5).

According to the typical procedure for Rh'"-catalyzed 0]
cyclopropanation, 1f was  prepared from  2-diazo-6,6-
dimethylcyclohexane-1,3-dione (166 mg, 1.0 mmol), 1-hexene (841 o

mg, 10 mmol) and Rh,(OAc), (4.4 mg, 0.01 mmol, 1 mol %). The 1f

crude product was purified by column chromatography (silica gel, 10% EtOAc in hexane) to
provide 1f' (81 mg, 36%) as a colorless oil: IR (film, cm™) v 3003, 2957, 2871, 1705, 1682,
1467, 1335, 1276, 1190, 1083, 925, 871, 754; *H NMR (400 MHz, CDCI5): § 2.58-2.48 (m ,4H),
2.09-1.99 (m ,2H), 1.84 (d, J = 6.9 Hz, 1H), 1.62-1.44 (m, 2H), 1.33-1.25 (m, 4H), 1.16 (s, 3H),
1.06 (s, 3H), 0.86 (t, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCl,): & 206.8, 204.8, 54.3, 53.1,
46.7,45.5,31.4, 30.4, 29.3, 27.6, 27.2, 26.1, 22.2, 13.9.

6,6-Dimethylspiro[2.5]octane-4,8-dione (1g)* (Table 3, entry 6).

1g was prepared according to the literature procedure.® o)
IR (film, cm’l) v 2957, 2871, 1710, 1683, 1469, 1404, 1371, 1335, 1320, 1291,

1181, 1145, 1123, 1082, 987, 918; 'H NMR (400 MHz, CDCl5): & 2.56 (s, 4H),

1.76 (s, 4H), 1.31 (s, 6H); *C NMR (100 MHz, CDCl,): & 206.8, 53.2, 39.6, 19
30.3, 28.5, 27.3.
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1-Phenylspiro[2.5]octane-4,8-dione (1h) (Scheme 3).

According to the typical procedure for Rh"-catalyzed cyclopropanation, 1h
was prepared from 2-diazocyclohexane-1,3-dione (311 mg, 2.25 mmol),
styrene (2.35 g, 22.5 mmol) and Rhy(OAc), (10 mg, 0.023 mmol, 1 mol %).

@)

1h
The crude product was purified by column chromatography (silica gel, 40%

EtOAc in hexane) to provide 1h (208 mg, 43%) as a white solid: mp 93-95 °C; IR (KBr,
cmh) v 3063, 2946, 2897, 1704, 1679, 1455, 1374, 1330, 1275, 1216, 1154, 1086, 1025, 782,
732, 696; *H NMR (400 MHz, CDCl3) & 7.32-7.19 (m, 5H), 3.27 (t, J = 9.2 Hz, 1H), 2.76 (dddd,
J=17.4,7.8,5.0,0.9 Hz, 1H), 2.63 (ddd, J = 17.4, 8.2, 5.0 Hz, 1H), 2.53 (dd, J = 9.2, 4.1 Hz,
1H), 2.46 (ddd, J = 17.4, 8.2, 5.0 Hz, 1H), 2.32, (dd, J = 9.2, 3.7 Hz, 1H), 2.23 (dddd, J = 17.0,
7.8, 4.6, 0.9 Hz, 1H), 2.16-2.00 (m, 2H); *C NMR (100 MHz, CDCls) & 205.9, 201.9, 133.2,
129.4, 128.1, 127.9, 50.1, 48.9, 39.9, 39.4, 21.2, 17.9; HRMS (EI) m/z calcd for C14H1,0, (M)
214.0994, found 214.0992.

I1. Ring-opening cyclization of spirocyclopropanes with amines
Typical procedure for ring-opening cyclization (Table 1, entry 9):
1-Benzyl-6,6-dimethyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3a).

(@] (0]
BnNH, (2a)
—_—
Ph THF, rt Ph
@ N
1a 3a Bn

Benzylamine (2a) (32 mg, 0.30 mmol) was added to a solution of spirocyclopropane 1a (48 mg,
0.20 mmol) in THF (0.4 mL). After stirring at room temperature for 3 h, the reaction mixture
was concentrated in vacuo, and the residue was purified by column chromatography (silica gel,
4% Et;N in EtOAC) to provide 3a (64 mg, 97%) as a pale yellow amorphous: IR (film, cm™) v
2955, 2962, 2867, 1614, 1567, 1480, 1453, 1435, 1356, 1236, 1147, 762, 732, 701; '"H NMR
(400 MHz, CDCls) & 7.39-7.29 (m, 6H), 7.18 (dd, J = 7.7, 1.4 Hz, 2H), 7.05 (d, J = 7.3 Hz, 2H),
4.69 (dd, J = 11.9, 7.3 Hz, 1H), 4.51 (d, J = 16.0 Hz, 1H), 3.90 (d, J = 16.0 Hz, 1H), 3.29 (dd, J
= 15.1, 11.9 Hz, 1H), 2.80 (dd, J = 15.1, 7.3 Hz, 1H), 2.37, 2.34 (ABq, J = 16.9 Hz, 2H), 2.29 (s,
2H), 1.173 (s, 3H), 1.168 (s, 3H); *C NMR (100 MHz, CDCls) & 190.4, 166.4, 141.5, 136.2,
128.9, 128.1, 127.7, 127.03, 126.96, 106.4, 66.2, 50.3, 47.5, 36.8, 34.5, 34.2, 29.0, 28.9; HRMS
(E1) m/z calcd for CpsHpsNO (M) 331.1936, found 331.1932.
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6,6-Dimethyl-1-(4-methoxyphenyl)methyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one
(3b) (Table 2, entry 1). o
According to the typical procedure for ring-opening cyclization, 3b was Bh
prepared from la (48 mg, 0.20 mmol) and 4-methoxybenzylamine (2b) N

(41 mg, 0.30 mmol) in THF (0.4 mL) at room temperature for 3 h. The 3 PMB
crude product was purified by column chromatography (silica gel, 3% Et;N in EtOAc) to
provide 3b (66 mg, 92%) as a pale yellow amorphous: IR (film, cm™) v 2955, 2928, 2866, 1611,
1567, 1478, 1246; *H NMR (400 MHz, CDCl5) 5 7.38-7.16 (m, 5H), 6.98-6.85 (m, 4H), 4.66
(dd, J = 11.6, 7.6 Hz, 1H), 4.45 (d, J = 16.0 Hz, 1H), 3.83 (d, J = 16.0 Hz, 1H), 3.81 (s, 3H),
3.26 (dd, J = 15.2, 11.6 Hz, 1H), 2.77 (dd, J = 15.2, 7.6 Hz, 1H), 2.41-2.24 (m, 4H), 1.18 (s,
6H); *C NMR (100 MHz, CDCl,) & 190.3, 166.4, 159.1, 141.5, 128.9, 128.4, 128.0, 127.9,
127.0, 114.2, 106.3, 65.9, 55.3, 50.2, 46.9, 36.9, 34.4, 34.2, 29.0, 28.9; HRMS (EI) m/z calcd for

CasH;NO, (M™) 361.2042, found 361.2037.

1-Allyl-6,6-dimethyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3c) (Table 2, entry 2).

According to the typical procedure for ring-opening cyclization, 3¢ was O
prepared from la (48 mg, 0.20 mmol) and allylamine (2c) (17 mg, 0.30 Ph
mmol) in THF (0.4 mL) at room temperature for 5 h. The crude product N

3c \\/

was purified by column chromatography (silica gel, 3% EtsN in EtOAC)
to provide 3c (55 mg, 98%) as a pale yellow oil: IR (film, cm™) v 2955, 2927, 2866, 1606, 1566,
1481, 1240, 702; *H NMR (400 MHz, CDCl,) § 7.38-7.22 (m, 5H), 5.64 (m, 1H), 5.19 (m, 1H),
5.08 (m, 1H), 4.81 (dd, J = 12.0, 8.0 Hz, 1H), 3.82 (m, 1H), 3.40 (m, 1H), 3.29 (dd, J = 15.2,
12.0 Hz, 1H), 2.76 (dd, J = 15.2, 8.0 Hz, 1H), 2.32-2.21 (m, 4H), 1.15 (s, 3H), 1.13 (s, 3H); °C
NMR (100 MHz, CDCl;) 6 190.3, 166.8, 141.6, 132.4, 128.8, 128.0, 127.0, 117.5, 106.5, 66.7,
50.2, 46.4, 36.5, 34.5, 34.0, 28.9, 28.8; HRMS (EI) m/z calcd for CigH,sNO (M*) 281.1780,
found 281.1773.

1-Butyl-6,6-dimethyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3d) (Table 2, entry 3).

According to the typical procedure for ring-opening cyclization, 3d was 0
prepared from la (48 mg, 0.20 mmol) and n-butylamine (2d) (22 mg, o
0.30 mmol) in THF (0.4 mL) at room temperature for 2.5 h. The crude N

3d "Bu

product was purified by column chromatography (silica gel, 3% Et;N in

EtOAC) to provide 3d (56 mg, 95%) as a pale yellow oil: IR (film, cm™) v 2956, 2929, 2868,
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1610, 1566, 1486, 1439, 1234, 701; *H NMR (400 MHz, CDCl;) § 7.37-7.21 (m, 5H), 4.81 (dd,
J =116, 7.2 Hz, 1H), 3.28 (dd, J = 15.0, 11.6 Hz, 1H), 3.16 (m, 1H), 2.85 (m, 1H), 2.75 (dd, J
=15.0, 7.2 Hz, 1H), 2.29-2.20 (m, 4H), 1.49-1.16 (m, 4H), 1.15 (s, 3H), 1.14 (s, 3H), 0.87 (t, J
= 7.2 Hz, 3H); *C NMR (100 MHz, CDCl,) & 189.7, 166.8, 141.9, 128.8, 127.9, 126.8, 105.7,
66.6, 50.2, 43.8, 36.8, 34.5, 34.0, 30.1, 29.1, 28.7, 19.9, 13.7; HRMS (El) m/z calcd for
Ca0H2NO (M*) 297.2093, found 297.2093.

1-tert-Butyl-6,6-dimethyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3e) (Table 2,

entry 4). 0O

According to the typical procedure for ring-opening cyclization, 3e was oh
prepared from l1a (48 mg, 0.20 mmol) and tert-butylamine (2e) (22 mg, N

0.30 mmol) in THF (0.4 mL) at room temperature for 60 h. The crude 3e ‘Bu

product was purified by column chromatography (silica gel, 3% Et;N in EtOACc) to provide 3e
(50 mg, 85%) as a white solid: mp 173-175 °C; IR (KBr, cm ) v 2951, 1597, 1515, 1377; *H
NMR (400 MHz, CDCly) & 7.41-7.25 (m, 5H), 3.93 (d, J = 10.4 Hz, 1H), 3.08 (dd, J = 14.8, 1.2
Hz, 1H), 2.67 (dd, J = 14.8, 10.4 Hz, 1H), 2.26 (s, 4H), 1.12 (s, 9H), 1.06 (s, 6H); **C NMR
(100 MHz, CDClj3) 6 189.5, 142.7, 129.0, 127.8, 126.0, 110.0, 60.8, 54.5, 48.7, 32.7, 31.6, 28.6,
28.1; HRMS (EI) m/z calcd for CyH,;NO (M) 297.2093, found 297.2094.

6,6-Dimethyl-1,2-diphenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3f) (Table 2, entry 6).

According to the typical procedure for ring-opening cyclization, 3f was o

prepared from la (48 mg, 0.20 mmol) and aniline (2f) (28 mg, 0.30

mmol) in toluene (0.4 mL) at 70 °C for 2 h. The crude product was N Ph
purified by column chromatography (silica gel, 3% Et;N in EtOAC) to 3f Ph

provide 3f (48 mg, 76%) as a pale yellow amorphous: IR (film, cm™) v 2956, 2928, 2867, 1615,
1573, 1494, 1406, 1268, 699; "H NMR (400 MHz, CDCl5) & 7.30-6.90 (m, 10H), 5.25 (dd, J =
11.4, 6.7 Hz, 1H), 3.43 (dd, J = 15.2, 11.4 Hz, 1H), 2.84 (dd, J = 15.2, 6.7 Hz, 1H), 2.42-2.26
(m, 4H), 1.14 (s, 3H), 1.09 (s, 3H); *C NMR (100 MHz, CDCls) & 192.0, 164.5, 142.1, 139.9,
129.1, 128.7, 127.7, 126.6, 125.7, 124.6, 109.7, 70.0, 50.5, 38.4, 35.1, 34.7, 28.8, 28.5; HRMS
(E1) m/z calcd for Cy,HysNO (M*) 317.1780, found 317.1795.



S9

6,6-Dimethyl-1-(4-methoxyphenyl)-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one  (39)

(Table 2, entry 8). o)

According to the typical procedure for ring-opening cyclization, 3g was

prepared from la (48 mg, 0.20 mmol) and p-anisidine (2g) (37 mg, 0.30 N i
mmol) in toluene (0.4 mL) at 70 °C for 1 h. The crude product was 3g PMP

purified by column chromatography (silica gel, 3% Et;N in EtOACc) to provide 3g (59 mg, 86%)
as a brown solid: mp 88-92 °C; IR (KBr, cm™) v 2955, 2867, 1613, 1572, 1510, 1442, 1407,
1245; *H NMR (400 MHz, CDCl3) § 7.30-7.20 (m, 5H), 6.84-6.74 (m, 4H), 5.11 (dd, J = 11.4,
7.2 Hz, 1H), 3.74 (s, 3H), 3.42 (dd, J = 14.8, 11.4 Hz, 1H), 2.88 (dd, J = 14.8, 7.2 Hz, 1H),
2.33-2.13 (m, 4H), 1.12 (s, 3H), 1.08 (s, 3H); *C NMR (100 MHz, CDCl;) & 191.5, 165.7,
157.9, 142.1, 132.5, 128.7, 127.8, 127.0, 126.9, 114.3, 108.6, 70.8, 55.3, 50.5, 38.0, 34.9, 34.4,
28.8, 28.6; HRMS (EI) m/z calcd for Cp3H,sNO, (MY) 347.1885, found 347.1890.

6,6-Dimethyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3h) (Table 2, entry 9).
According to the typical procedure for ring-opening cyclization, 3h was o
prepared from la (48 mg, 0.20 mmol) and ammonia solution (2h) (136

Ph
mg, 2.00 mmol, 25% in H,0) in THF (0.4 mL) at room temperature for 2

N

h. The crude product was purified by column chromatography (silica gel, 3n

3% Et;N in EtOACc) to provide 3h (15 mg, 31%) as a white solid: mp 208-211 °C; IR (KBr,
cm™) v 3167, 2953, 2867, 1567, 1507, 1250, 1149, 768, 705, 530; *H NMR (400 MHz, CDCls)
§ 7.35-7.15 (m, 5H), 5.31 (s, 1H), 4.94 (dd, J = 11.6, 6.8 Hz, 1H), 3.23 (dd, J = 15.2, 11.6 Hz,
1H), 2.72 (dd, J = 15.2, 6.8 Hz, 1H), 2.27-2.14 (m, 4H), 1.11 (s, 3H), 1.10 (s, 3H); **C NMR
(100 MHz, CDCls) 6 191.4, 166.8, 143.6, 128.8, 127.7, 126.0, 106.7, 62.5, 50.4, 37.6, 35.0, 34.3,

28.9, 28.6; HRMS (EI) m/z calcd for CisHygNO (M*) 241.1467, found 241.1466.

1-Benzyl-6,6-dimethyl-2-(4-methylphenyl)-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3i)
(Table 3, entry 1).
According to the typical procedure for ring-opening cyclization,

3i was prepared from 1b (51 mg, 0.20 mmol) and benzylamine

(2a) (32 mg, 0.30 mmol) in THF (0.4 mL) at room temperature
for 2.5 h. The crude product was purified by column chromatography (silica gel, 3% Et;N in
EtOAC) to provide 3i (59 mg, 86%) as a colorless amorphous: IR (film, cm™) v 3671, 2925,
2868, 2359, 1566, 1479, 1236, 700; 'H NMR (400 MHz, CDCl;) & 7.36-7.14 (m, 5H),
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7.08-7.04 (m, 4H), 4.66 (dd, J = 12.0, 7.2 Hz, 1H), 4.48 (d, J = 16.0 Hz, 1H), 3.90 (d, J = 16.0
Hz, 1H), 3.27 (dd, J = 14.8, 12.0 Hz, 1H), 2.79 (dd, J = 14.8, 7.2 Hz, 1H), 2.35-2.33 (m, 4H),
2.28 (s, 3H), 1.16 (s, 6H); *C NMR (100 MHz, CDCl;) & 190.4, 166.4, 138.4, 137.8, 136.2,
129.6, 128.9, 127.7, 127.0, 126.9, 106.4, 66.0, 50.3, 47.3, 36.9, 34.4, 34.2, 29.0, 28.9, 21.1;
HRMS (El) m/z calcd for C,,H»,NO (M™) 345.2093, found 345.2089.

1-Benzyl-2-(4-chlorophenyl)-6,6-dimethyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (31)
(Table 3, entry 2).
According to the typical procedure for ring-opening cyclization,

3j was prepared from 1c (55 mg, 0.20 mmol) and benzylamine

(2a) (32 mg, 0.30 mmol) in THF (0.4 mL) at room temperature
for 4.5 h. The crude product was purified by column chromatography (silica gel, 4% Et;N in
EtOAC) to provide 3j (71 mg, 97%) as a colorless amorphous: IR (film, cm™) v 2955, 2868,
1612, 1571, 1477, 1451, 1434, 1409, 1356, 1236, 1146, 1089, 1013, 828, 701; ‘H NMR (400
MHz, CDCls) § 7.37-7.31 (m, 5H), 7.11 (d, J = 8.2 Hz, 2H), 7.03 (d, J = 6.9 Hz, 2H), 4.66 (dd,
J=11.9, 7.3 Hz, 1H), 451 (d, J = 16,5 Hz, 1H), 3.87 (d, J = 16.5 Hz, 1H), 3.28 (dd, J = 14.7,
11.9 Hz, 1H), 2.74 (dd, J = 15.1, 7.3 Hz, 1H), 2.40-2.24 (m, 4H), 1.17 (s, 6H); **C NMR (100
MHz, CDCls) & 190.6, 166.3, 140.0, 135.9, 133.8, 129.1, 128.9, 128.4, 127. 8, 126.9, 106.4,
65.4, 50.3, 47.5, 36.8, 34.5, 34.2, 28.9; HRMS (EI) m/z calcd for C,3H,.CINO (M*) 365.1546,
found 365.1546.

1-Benzyl-2-(2-chlorophenyl)-6,6-dimethyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3K)
(Table 3, entry 3). 0 cl
According to the typical procedure for ring-opening cyclization, 3k

was prepared from 1d (55 mg, 0.20 mmol) and benzylamine (2a) (32

mg, 0.30 mmol) in THF (0.4 mL) at room temperature for 20 h. The
crude product was purified by column chromatography (silica gel, 4% Et;N in EtOAc) to
provide 3k (71 mg, 97%) as a white solid: mp 147-149 °C; IR (KBr, cm ) v 2956, 2867, 1614,
1575, 1477, 1452, 1435, 1236, 1147, 1036, 757, 699; ‘H NMR (400 MHz, CDCl3) 6 7.37-7.22
(m, 7H), 7.06 (d, J = 6.9 Hz, 2H), 5,12 (m, 1H), 4.58 (d, J = 16.0 Hz, 1H), 3.98 (d, J = 16.0 Hz,
1H), 3.36 (t, J = 12.8 Hz, 1H), 2.66 (m, 1H), 2.39, 2.36 (ABq, J = 16.9 Hz, 2H), 2.29, 2.26
(ABq, J = 16.5 Hz, 2H), 1.17 (s, 3H), 1.16 (s, 3H); *C NMR (100 MHz, CDCl5) & 190.8, 166.7,
136.1, 133.0, 130.1, 128.94, 128.92, 127.8, 127.4, 127.0, 106.6, 50.2, 48.0, 36.8, 34.2, 33.5,
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29.0, 28.8; HRMS (EI) m/z calcd for CysH2,CINO (M*) 365.1546, found 365.1544.

1-Benzyl-6,6-dimethyl-2-(2,3,4,5,6-pentafluorophenyl)-2,3,6,7-tetrahydro-1H-indol-4(5H)-
one (31) (Table 3, entry 4).

According to the typical procedure for ring-opening cyclization,
3l was prepared from le (66 mg, 0.20 mmol) and benzylamine
(2a) (32 mg, 0.30 mmol) in THF (0.4 mL) at room temperature

for 48 h. The crude product was purified by column

chromatography (silica gel, 4% Et3N in EtOACc) to provide 3l (74mg, 90%) as a white solid: mp
180-181 °C; IR (KBr, cm ') v 2954, 2871, 2362, 1615, 1594, 1523, 1505, 1446, 1373, 1231,
1154, 1126, 1014, 977, 951, 708, 611; *H NMR (400 MHz, CDCl,) & 7.33-7.25 (m, 3H), 7.05 (d,
J=6.4 Hz, 2H), 5.11 (dd, J = 12.4, 7.8 Hz, 1H), 4.38 (d, J = 16.0 Hz, 1H), 4.10 (d, J = 16.0 Hz,
1H), 3.29 (t, J = 14.2 Hz, 1H), 2.81 (dd, J = 15.1, 7.8 Hz, 1H), 2.39-2.24 (m, 4H), 1.18 (s, 6H);
3C NMR (100 MHz, CDCls) & 191.1, 165.6, 145.0 (d, J = 258 Hz), 140.7 (d, J = 256 Hz),
137.4 (d, J = 254 Hz), 135.5, 128.9, 128.1, 127.0, 114.6 (t, J = 14.4 Hz), 107.4, 56.2, 50.2, 49.1,
37.0, 34.4, 32.4, 29.5, 28.1; *°F NMR (376 MHz, CDCl5): § -143.2 (br s, 2F), ~154.4 (d, J =
23.1 Hz, 1F), -161.9 (s, 2F); HRMS (EI) m/z calcd for C,3H»,FSNO (M*) 421.1465, found
421.1464.

1-Benzyl-2-butyl-6,6-dimethyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3m) (Table 3, entry 5).
According to the typical procedure for ring-opening cyclization, 3m 0]

was prepared from 1f (44 mg, 0.20 mmol) and benzylamine (2a) (32

mg, 0.30 mmol) in THF (0.4 mL) at room temperature for 168 h. The N

crude product was purified by column chromatography (silica gel, 4% 3m Bn

Et;N in EtOAC) to provide 3m (60 mg, 97%) as a yellow oil: IR (film, cm™) v 2954, 2928, 2866,
1608, 1568, 1448, 1451, 1357, 1263, 1147, 733, 700; ‘H NMR (400 MHz, CDCl3) 6 7.39-7.29
(m, 3H), 7.16-7.14 (m, 2H), 4.52 (d, J = 16.5 Hz, 1H), 4.32 (d, J = 16.5 Hz, 1H), 3.75 (m, 1H),
2.94 (dd, J = 14.7, 11.0 Hz, 1H), 2.50 (dd, J = 14.7, 6.9 Hz, 1H), 2.24-2.22 (m, 4H), 1.65 (m,
1H), 1.45 (m, 1H), 1.32-1.19 (m, 4H), 1.10 (s, 3H), 1.09 (s, 3H), 0.86 (t, J = 6.9 Hz, 3H); *C
NMR (100 MHz, CDCl3) 6 190.3, 166.7, 136.7, 128.9, 127.6, 126.6, 106.8, 62.8, 50.1, 47.4,
36.7, 34.1, 32.7, 30.1, 29.0, 28.8, 26.5, 22.6, 13.9; HRMS (EI) m/z calcd for C,HxNO (M)
311.2249, found 311.2251.
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1-Benzyl-6,6-dimethyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (3n) (Table 3, entry 6).
According to the typical procedure for ring-opening cyclization, 3n was o)
prepared from 1g® (33 mg, 0.20 mmol) and benzylamine (2a) (32 mg, 0.30

mmol) in THF (0.4 mL) at room temperature for 36 h. The crude product was N
purified by column chromatography (silica gel, 4% Et;N in EtOAc) to 3n Bn
provide 3n (47 mg, 92%) as a white solid: mp 114-117 °C; IR (KBr, cm™) v 2944, 2925, 2864,
1560, 1567, 1498, 1451, 1441, 1427, 1233, 1149, 747, 700; 'H NMR (400 MHz, CDCls) &
7.40-7.29 (m, 3H), 7.17 (d, J = 6.9 Hz, 2H), 4.38 (s, 2H), 3.51 (t, J = 10.1 Hz, 2H), 2.79 (t, J =
10.1 Hz, 2H), 2.25 (s, 2H), 2.23 (s, 2H), 1.11 (s, 6H); *C NMR (100 MHz, CDCls) & 190.3,
166.9, 136.2, 128.9, 127.8, 126.9, 107.9, 51.8, 50.03, 50.05, 36.5, 34.0, 28.9, 23.8; HRMS (EI)

m/z calcd for C17;H,:NO (M™) 255.1623, found 255.1622.

1-Benzyl-2-phenyl-2,3,6,7-tetrahydro-1H-indol-4(5H)-one (30) (Scheme 3).

According to the typical procedure for ring-opening cyclization, 30 were

prepared from 1h (64 mg, 0.30 mmol) and benzylamine (2a) (48 mg, 0.45 &7
mmol) in THF (0.6 mL) at room temperature for 3 h. The crude product was N i
purified by column chromatography (silica gel, 3% Et;N in EtOAc) to 3o Bn
provide 30 (86 mg, 95%) as a white solid: mp 94-96 °C; IR (KBr, cm™) v 2937, 2874, 1610,
1575, 1461, 1448, 1433, 1353, 699; *H NMR (400 MHz, CDCly) § 7.37-7.03 (m, 10H), 4.67
(dd, J = 12.0, 7.6 Hz, 1H), 4.49 (d, J = 16.0 Hz, 1H), 3.91 (d, J = 16.0 Hz, 1H), 3.29 (dd, J =
15.2, 12.0 Hz, 1H), 2.80 (dd, J = 15.2, 7.6 Hz, 1H), 2.57-2.34 (m, 4H), 2.14-2.04 (m, 2H); ©°C
NMR (100 MHz, CDCls) 6 191.3, 167.6, 141.4, 136.1, 128.9, 128.1, 127.7, 127.1, 127.0, 108.2,

66.1, 47.6, 36.0, 34.7, 23.1, 22.5; HRMS (EI) m/z calcd for C,;H,;NO (M*) 303.1623, found
303.1621.

I11. Synthesis of 4-tert-butyldimethylsilyloxyindole 8 from 3o (Scheme 3)
1-Benzyl-4-hydroxy-2-phenyl-2,3-dihydroindole (7).
O OH

1) CuBr,, EtOAC
reflux _
N Ph 5y LiBr, Li,cO, N Ph
\ DMF, reflux \
30 Bn 7 Bn

CuBr; (89 mg, 0.40 mmol,) was added to a solution of 30 (61 mg, 0.20 mmol) in EtOAc (2 mL).

After stirring at reflux for 1.5 h, the reaction mixture was filtered through a pad of Celite. The
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filter cake was rinsed with CH,CI, and the combined filtrates was concentrated in vacuo to
provide crude product (109 mg), which was used in the next step without further purification.
LiBr (19 mg, 0.22 mmol) and Li,CO; (16 mg, 0.22 mmol) were added to a solution of crude
product in DMF (2 mL). After stirring at reflux for 1 h, the reaction was quenched by addition
of saturated aqueous NH4CI (10 mL), and the resulting mixture was extracted with 20% EtOAc
in hexane (5 mL x 3). The combined organic layers were washed with brine (5 mL), and dried
over anhydrous MgSQ,. Filtration was concentrated in vacuo, and the residue was purified by
column chromatography (silica gel, 20% EtOAc in hexane) to provide 7 (49 mg, 82%) as a gray
solid: mp 127-128 °C; IR (KBr, cm™) v 3406, 3030, 2843, 1630, 1469, 1352, 760, 698; ‘H
NMR (400 MHz, CDCls) 6 7.41-7.20 (m, 10H), 6.93 (t, J = 8.0 Hz, 1H), 6.18 (d, J = 8.0 Hz,
1H), 6.07 (d, J = 8.0 Hz, 1H), 4.66 (t, J = 9.6 Hz, 1H), 4.56 (s, 1H), 4.38 (d, J = 15.6 Hz, 1H),
3.93 (d, J = 15.6 Hz, 1H), 3.38 (dd, J = 15.6, 9.6 Hz, 1H), 2.90 (dd, J = 15.6, 9.6 Hz, 1H); ©°C
NMR (100 MHz, CDCls) 6 154.2, 151.7, 142.4, 138.2, 129.1, 128.6, 128.3, 127.7, 127.6, 127.5,
126.9, 112.4, 105.8, 100.7, 68.9, 50.6, 35.7; HRMS (EI) m/z calcd for Cy;H;sNO (M*) 301.1467,
found 301.1458.

1-Benzyl-4-tert-butyldimethylsilyloxy-2-phenyl-2,3-dihydroindole (9).

OH TBSC OTBS
imidazole
[ d o T —— Ph
N CH,Cl, N
7 Bn 9 Bn

tert-Butyldimethylchlorosilane (50 mg, 0.332 mmol) was added to a solution of 7 (40 mg, 0.133
mmol) and imidazole (18 mg, 0.266 mmol) in CH,Cl, (0.7 mL) at 0 °C. After stirring at room
temperature for 2.5 h, the reaction was quenched by addition of saturated aqueous NH,CI (5
mL), and the resulting mixture was extracted with CH,Cl, (5 mL x 2). The combined organic
layers were washed with water (5 mL) and brine (5 mL), and dried over anhydrous MgSQO,.
Filtration was concentrated in vacuo, and the residue was purified by column chromatography
(silica gel, 5% EtOAc in hexane) to provide 9 (51 mg, 93%) as a white solid: mp 87-88 °C; IR
(KBr, cm™) v 2956, 2856, 1601, 1465, 1266, 997, 831; ‘H NMR (400 MHz, CDCl;) &
7.44-7.18 (m, 10H), 6.91 (t, J = 7.9 Hz, 1H), 6.20 (d, J = 8.0 Hz, 1H), 6.08 (d, J = 7.6 Hz, 1H),
4.60 (t, J = 9.6 Hz, 1H), 4.35 (d, J = 15.6 Hz, 1H), 3.92 (d, J = 15.6 Hz, 1H), 3.39 (dd, J = 15.6,
9.6 Hz, 1H), 2.87 (dd, J = 15.6, 10.4 Hz, 1H), 0.95 (s, 9H), 0.21 (s, 3H), 0.18 (s, 3H); *C NMR
(100 MHz, CDCl3) 6 154.2, 151.7, 142.7, 138.4, 128.6, 128.3, 127.7, 127.61, 127.57, 126.8,



S14

1175, 109.7, 101.3, 69.2, 50.9, 36.9, 25.6, 18.1, -4.19, —4.22; HRMS (EI) m/z calcd for
C27H33NOS| (M+) 4152331, found 415.2338.

1-Benzyl-4-tert-butyldimethylsilyloxy-2-phenylindole (8).

OTBS OTBS
chloranil
Ph — = N—ph
N 1,4-dioxane N
9 Bn reflux 8 Bn

Chloranil (44 mg, 0.18 mmol) was added to a solution of indoline 9 (50 mg, 0.12 mmol) in
1,4-dioxane (1.2 mL). After stirring at reflux for 9 h, the reaction mixture was allowed to cool to
room temperature and diluted with Et,O (10 mL). The whole was washed with saturated
aqueous NaHCO; (5 mL x 3), water (5 mL) and brine (5 mL), and dried over anhydrous MgSO,.
Filtration was concentrated in vacuo, and the residue was purified by column chromatography
(silica gel, 5% EtOAc in hexane) to provide 8 (47 mg, 94%) as a white solid: mp 96.5-98 °C;
IR (KBr, cm™) v 2926, 2855, 1582, 1498, 1481, 1364, 1351, 1273, 839; 'H NMR (400 MHz,
CDCly) & 7.44-7.19 (m, 8H), 7.02-6.81 (m, 3H), 6.80 (d, J = 8.4 Hz, 1H), 6.67 (s, 1H), 6.54 (d,
J=7.2 Hz, 1H), 5.33 (s, 2H), 1.07 (s, 9H), 0.27 (s, 6H); *C NMR (100 MHz, CDCl5) & 148.9,
140.4, 139.9, 138.2, 132.8, 129.2, 128.6, 128.5, 127.9, 127.1, 126.0, 122.6, 121.9, 109.0, 104.2,
99.9, 47.9, 25.8, 18.3, —4.3; HRMS (EI) m/z calcd for C,sH3;NOSi (M*) 413.2175, found
413.2170.
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DFILE  onocyclopropane-C6F5-1H als F
COMNT
DATIM 2014052673226
OBNUG  1H F
EXMOD  single_pulse ex2
0BFRQ 30,78 MHz
OBSET 419KHz Sy
OBFIN 7.29H O <l
POINT 13107
FREQU 600231 Hz
SCANS 8 F F
ACQTM 21837 ses
o 50000 se0 1e F
P 525 uses
RNUC 1H
CTEMP 256
SLWT  CDCL3 8
EXREF 0.00 ppm o
B 012k
RGAIN 3
I
|
PPM
T T T T T T [T T T T T T [T T T T T T T[T T T T T T T [T T T T T 1 TTTTrrT]
90 80 70 60 50 40 00
a8 SRS EHIEREISRAE BLRB=S 288 1S ] FROBRER
88 SEF9IIISOBIERY 888888 S5 B3 2 SRANKEE
|
[
DFILE  opCEF5-13Cre ds
CONNT O
DATIM  2014.07-11 153314 F
OBNUC  13C
EXMOD  single_pulse_des
OBFRQ 100 53 MHz F
OBSET 535KHz
OBFIN 586 Hz
POINT 26214
FREQU 2512524 Hz
SCANS 0 O
ACQTM 1.0433 sec.
PD 20000 sec
P 3Busec F F
IRNUC 1H
CTEMP 24c 1e F
SLVNT  CDCL3
EXREF 7700 ppm
BF 120+
RGAIN 58
|
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fodhy vy ot sy oo o o 2 y L iy , " Y
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DFILE ono-cyclopropane-Bu-1H dls
COMNT
DATIM 2014-05-21 17:15:46
O0BNUG  1H
BXMOD  single_pulse ex2 0)
OBFRQ 078 M
OBSET 419KHz
OBFIN 729He
POINT 13107 1f
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PW1 525 usec 5
RNUG  1H < 5
CTEMP 200 @
SLUNT D3
EXREF 0.00ppm
BF 120H B
RGAIN 3 2 35
S 3
8 8
S S
U
I
I
J
PPM
I \\\\|\\\\\\|\\\\\‘\|\\\\\\\\\ I T I T FrTT T TTTTTTTT
90 80 70 60 50 10 00
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45 £88 88 5% S3BRNET 3
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DFILE onocyclopropane-Bu-13C als
COMNT (@)
DATIM 20140521 172940
OBNUC  13C
BXMOD  single_pulse_des 1f
OBFRQ 10053 NHz
0BSET 535KH:
OBFIN 586 Hz
POINT 214
FREQU 2512524 He
SCANS 212
ACOTM 1043 sen
PD 20000 sec
Pt 33Buseo
RNUG  1H
CTEMP D40
SLWNT  eDCL3
EXREF 7700 ppm |
BF 120Kz [
RGAN 8 I
| I
T
I
1]
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DFILE_ ono-cyclopropane-H-1H dls
COMNT O
DATIM 2014052617492
OBNUG  1H
EXMOD  single_pulse.ex2 1 g
OBFRQ 309.78 MHz
OBSET 419KHz
OBFIN 729+
POINT 13107 5
FREQU 600231 Hz 3
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PW1 5.25 usec
IRNUC 1H
CTEMP 4o
SLWT  cDeL3
EXREF 0.00 ppm ~
BF 120Hz < =)
RGAIN 2 N
‘ S
A
PPM
L B B B B O R R L R R R R R R R R
90 80 70 60 50 40 30 20 10 00
8 ege 3 8 283
585 £ 2 293
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DFLE  ono-cyclopropane-H-13C.als
COMNT 1g
DATIM 20140526 180111
OBNUC  13C
EXMOD  single_pulse_dec
0OBFRQ 100.53 MHz
OBSET 535 KHz
OBFIN 586 H
POINT 26214
FREQU 2512524 Hz
SCANS 201
ACQTM 10433 sec
PD 20000 sec
PW1 33Busec
IRNUC 1H
CTEMP 28¢
SLVNT  GDCL3
EXREF 77.00 ppm
BF 120Hz
RGAIN 2 |
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DFILE  cp-dionePh-1Hals
COMNT
DATIM  2014-06-1215:1322
OBNUG  1H
EXMOD  single_pulse ex2
OBFRQ 309,78 MHz
OBSET 419KHz O
OBFIN 7.29H
POINT 13107
FREQU 600231 Hz
SCANS 8 1h
ACQTM 21837 sec
PD 50000 sec
PW1 5.25 usec
IRNUG — 1H
CTEMP 21¢
SLVWNT  CDCL3
EXREF 000 ppm
8F 012H
RGAIN 20
s
3
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=) 8 55
b Z 22
1
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PPM
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90 80 50 40 10 00
g £88 88 8k B
8 5 SN g2 88 =
DFILE  cp-dionePh-13C als
COMNT O
DATIM 20140612 15:24:08
OBNUG 13
EXMOD  single_pulse_dec
OBFRQ 10053 MHz
OBSET 535KHz
OBFIN 586 H
POINT 26214
FREQU 2512524 Hz O
SCANS 202
ACQTM 1.0433 sec
PD 20000 sec
PW1 333 usec 1h
IRNUC — 1H
CTEMP 23¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 012H
RGAIN 0
1
|
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PPM
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DFILE  282165.telrahychoindole-PhBn-H.als
COMNT
AT 20140424121745 Ph
O0BNUG  1H
EXMOD  single_pulse.ex2 N
OBFRQ 39078 Mz
OBSET 419KHz - 3a \ -
OBFIN 729H: 8 &
POINT 13107 © Bn ©
FREQU 600231 Hz
SCANS 8
ACOTM 21837 seo
PD 50000 sec
P 525 useo
RNUC  1H
CTEMP 240
SLUNT  GDGL3 3
EXREF 000 ppm ~
BF 012H
RGAIN 0
85
[[ 8 8 % 5 5
= 3 3 = 3
| Il
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in Wi 1 BIR !
L i |
PPM
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K g g B BBI8R 8 388 2 £g B5e 28
g g ¥ 8 HANRE 8 SN 8 8% RIS VK
DFILE 282155 telrahydroindole-PhBn-13C als
COMNT Ph
DATIM 20140424 124613
0BNUC 130 N
BXMOD  single_pulse_de \
OBFRQ 100.53 MHz
OBSET 535 KHz 3a Bn
OBFIN 586 H
POINT 26214
FREQU 2517504 He
SCANS 550 |
ACOTM  1043seo |
PD 20000 ses
PW1 333 usec I
IRNUC 1H
CTEMP 250
SLWNT  CDOL3
EXREF 7700 ppm
BF 012t
RGAN 0
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DFLE 361200 h1ds
COMNT
DATIM 2014045093357 Ph
OBNUC  1H
EXMOD  single_pulse.x2 N
OBFRQ X0 7BMH
OBSET 419KHz
OBFIN 729Hz
POINT 13107 3b
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec OMe
PO 50000 sec
P 525 usec
RNUC 1H
CTEMP 226
SLVNT cDCL3
EXREF 000 ppm o
BF 012He 2
RGAIN 0
[
= 3
5 =
3
2 g ] &
= 3 - o
[
I
|
[ | I i i i !
M i 1
PPM
L B R R I R R R R R B R R R N R R R RN
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g g e 2 EHEEE & g 888 g 5 £ 3% 38z 88
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DFILE 3612001 als
COMNT
DATIM 2014042509465 Ph
0BNUG  13C
EXMOD  single_pulse_des N
OBFRQ 10053 MHz |
OBSET 535 KHz |
OBFIN 586 He |
POINT 26214 3b
FREQU 2512524 e
SCANS 23
ACQTM 1.0433 sec. OMe
PO 20000 sec
Pl 333 usec
RNUC  1H
CTEMP 27c
SLUNT  CDCL3
EXREF 77.00ppm
BF 1.20Hz I
RGAIN 0
I
I
|
I
I
. ' b . Lk ) kil . W

PPM
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DFLE 362002 hl.dls
COMNT
DATIM 2014043009595 Ph
OBNUC  1H
EXMOD  single_pulse.ex2 N
OBFRQ 309 78 MHz
0BSET 419KHz \\/ ©
OBFIN 729H ~
POINT 13107 3c
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PWI 525 usec ©
IRNUC 1H p=t
CTEMP 20¢
SLVNT  GDCL3
EXREF 0,00 ppm
BF 012H:
RGAIN 20
=1
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I
T T T T T T T T I T[T T T T T TTT7T
90 80
3 8 8 8388 g g 388 = 5 B £83 88
8 g k3 8 88k = 8 KRR 8 8 @ BIT KR
DFLE  362002¢-1 s
COMNT
DATIM 20140430 100919 Ph
OBNUG  13C
EXMOD  single_pulse_dec N
0BFRQ 100.53 MHz
0BSET 535 KHz \J
OBFIN 586Hz
POINT 26214 3c
FREQU 2512524 Hz
SCANS 183
ACQTM 1.0433 sec !
PD 20000 sec !
PW1 333 usec
IRNUC 1H
CTEMP 23¢
SLVNT  GDCL3
EXREF 77.00 ppm
BF 120Hz
RGAIN El)
I
|
U
1
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

Pt
IRNUG
CTEMP
SLVNT
EXREF

RGAIN
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUG
CTEMP
SLVNT
EXREF

RGAIN
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DFILE 362004 h1.als
COMNT Ph
DATIM 0140512152512
OBNUC  1H N
EXMOD  single_pulse.ex2
0BFRQ 399.78 MHz
OBSET 419KHz
OBFIN 729Hz 3e
POINT 13107 3
FREQU 600231 Hz N
SCANS 8
ACQTM 21837 sec |
PD 50000 sec
Pl 5% useo
IRNUG 1H
CTEMP 21¢
SLVNT CDCL3
EXREF 0.00 ppm = B
BF 1.20Hz S I
RGAIN 30
8 Sl 3
| / / /
y I iy !
PP
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920 80 70 60 50 40 30 20 10 00
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DFILE 362004 c-1.als Ph
COMNT
DATIM  201405121537:12 N
OBNUC ~ 13C
EXMOD  single_pulse_dec
OBFRQ 100.63 MHz
OBSET 535 Kz 3e
OBFIN 586 Hz
POINT 26214
FREQU 2512524 He
SCANS 206
ACQTM 1.0433 sec
PD 20000 sec
P 33 uses
IRNUC 1H
CTEMP 28¢
SLWNT CDCL3
EXREF 7700 ppm
BF 120+
RGAIN 30
|
|
I
PPM
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DFILE 361186 H1.dis
COMNT Ph
DATIM  2014.0430170704
OBNUC  1H N
EXMOD  single_puise &2 \
OBFRQ 309.78 MHz
OBSET 419KHz 3f Ph
OBFIN 729k
POINT 13107
FREQU 600231 Hz
SCANS 8 H
ACQTM 21837 seo a
PD 50000 ses
PW1 5.25 usec
IRNUC 1H
CTEMP 23c
SLVNT  CDCL3
EXREF 0,00 ppm
BF 0.12Hz
RGAIN 0
|
g
8 3 5 e
I
|
N‘ il Iy i
I wi L
PPM
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g g 84 cesReg 2 egge 2 g T3g 28
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DFILE 361186 C-1 als
CONNT Ph
DATIM  2014.0430171809
OBNUC  13C N
EXMOD  single_pulse_des
OBFRQ 100,53 MHz \
OBSET 535 KHz
OBFIN 586 Hz 3f Ph
POINT 26214
FREQU 2512524 Hz
SCANS 209
ACQTM 1.0433 sec.
PD 20000 sec
P 3B usec I
RNUC 1H
CTEMP 26¢
SLUNT  CDCL3
EXREF 7700 ppm
BF 012+
RGAIN 30
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DFILE 362005 H pari2- als
CONNT N
DATIM 20140605 175711
OBNUC  1H
BXOD  single_puise ex2
OBFRQ  XB.7B M 3g
0BSET 419Kz
OBFIN 7.29Hz
POINT 13107
FREQU 600231 He
SCANS B
ACQTM 21837 sec
D 50000 sec
PWI 5.25 usec OMe
RNUC  1H
CTENP 240 |
SLUNT CDCL3
EXREF 000 ppm =
& 012k 3
RGAN k2
o
z
<5
S g <]
I
" !
1 i TR
il i U 1
PPM
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& 8 & g HabES z El RRie R 8 B B33 88
DFILE 362005 G-l als Ph
CONNT ‘
DATIM  20140430173625 N ‘
0BNUC 3C |

EXMOD  single_pulse_dec
OBFRQ 100.53 MHz

0BSET 535 KHz 3g

OBFIN 586 Hz
POINT 26214
FREQU 2512524 Hz
SCANS 203
ACQTM 1,043 sec
D 20000 sec
P 333 usec
RNUC  1H OMe
CTEMP 24c
SLUNT CDCL3
EXREF 7700 ppm
BF 120K
RGAIN 2
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DFLE 362003 hl.als
COMNT
DATIM  2014.0428211956 Ph
OBNUG  1H
EXMOD  single_pulse.ex2 N
OBFRQ 399,78 MHz H
OBSET 419KHz
OBFIN 729+ 3h
POINT 13107
FREQU ~ 600231Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PWI 525 uses ®
RNUC— 1H P
CTEMP 219¢
SLWNT  €DCL3 5
EXREF 0.00 ppm 3
BF 012H
RGAIN 34
=
<
8 5
! i
PPN
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90 80 70 60 50 40 30 20 10 00
g g 8 grE 2 g8g g 5 588 28
& 8 S RSk 8 SIS & 2 583 88
DFLE 362003 ¢-1.dls
COMNT Ph
DATIM 2014042821301
OBNUC 13 N
EXMOD  single_pulse_dec
OBFRQ 10053 iz H
0BSET 535Kz 3h
OBFIN 586H:
POINT 26214
FREQU 2512524 Hz
SCANS 178
ACQTM 1.0433 sec
D 20000 sec
P 333 usec
IRNUG  1H
CTEMP 25¢
SLWT  CDCL3
EXREF 7700 ppm
BF 120Kz
RGAIN 3 \“
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DFILE 362014 Hl.als
COMNT
DATIM 20140521 175710
OBNUG  1H
EXMOD  single_pulse ex2
0BFRQ 30978 MHz
OBSET 419KHz
OBFIN 7.29Hz
POINT 13107 (@)
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
P 525 usec
RNUG  1H
CTEMP 22¢
SLVNT  GDCL3 N
EXREF 0,00 ppm
B 120+ \
RGAN E) 3i Bn
3
=
e
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PPM
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DFILE 362014 G-1.als
CONNT N
DATIM 20140521 180756 \
OBNUG  13C .
EXMOD  single_pulse_dec 3| Bn
0BFRQ 100,53 MHz
OBSET 535 KHz
OBFIN 586H:
POINT 26214
FREQU 2512524 Hz
SCANS 203
AGQTM 1.0433 sec ‘
PD 2.0000 sec
P 333usec |
RNUG  1H
CTEMP 276
SLWNT  cDCL3
EXREF 7700 ppm
BF 120+
RGAIN 20
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DFILE 282162-tefrahydroindole-p-C-Ph-Bn-1H.als CI
COMNT N
DATIM 20140508 190342
OBNUC  1H \
EXMOD  single_pulse.ex2 H
OBFRQ X078l 3] Bn
OBSET 419KHz
OBFIN 729Hz
POINT 13107
FREQU 6002.31 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PW1 525 usec
IRNUC 1H
CTEMP 223¢
SLVNT CDCL3
EXREF 000 ppm -
BF 120H g 3
RGAIN 30
g
=
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/ g3 3 8 E
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PPM
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90 80 7.0 10 00
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g g 8 B8JIN_EY 8 RR 8 85 8IZ K
DFILE 282162-tefrahydroindole-p-CHPh-Bn-13C2.ds CI
COMNT
DATIM 2014-06-0518:12:43
OBNUG 113G N
EXMOD  single_pulse_dec \
O0BFRQ 100.53 MHz -
OBSET 535 Ktz 3] Bn
OBFIN 586 Hz
POINT 26214
FREQU 2512524 Hz
SCANS 217
ACQTM 1.0433 sec
PD 20000 sec
PW1 333 usec
IRNUC 1H
CTEMP 23¢
SLYNT CDCL3
EXREF 77,00 ppm
BF 012Hz |
RGAIN 58 |
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DFILE  282172-tetrahycroindole-o-GHPh-Br-1H2.als ‘ N O
COMNT
DATM 20140605 171515 \
OBNUC  1H
EXMOD  single_pulse ex2 3 k Bn
OBFRQ 309.78 MHz
OBSET 419KHz
OBFIN 729Hz
POINT 13107
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PW1 525 usec kS
IRNUC 1H ™~
CTEMP 21¢
SLYNT CDCL3
EXREF 000 ppm -
BF 012+ &
RGAIN 30
5
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M ! i neoafef _J
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PPM
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DFILE 282172-tetrahydroindole-o0-Cl-Ph-Bn-13C2 s
COMNT N
DATM  201406.05 174952
OBNUC  13C \
EXMOD  single_pulse_dec |
OBFRQ 10053 N 3k Bn
OBSET 5.35KHz !
OBFIN 586Hz
POINT 26214
FREQU 2512524 Hz
SCANS 652
ACQTM 1048 sec
PD 20000 sec
P 33usso
IRNUC 1H
CTEMP 25¢
SLYNT CDCL3
EXREF 7700 ppm
BF 012+
RGAIN 30
I
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DFILE 282171tefrahydroindole-C6F5-Bn-1H.als F
COMNT
DATIM  2014.05:29090331 N
OBNUG  1H \
EXMOD  single_pulse.ex2
OBFRQ 3B 7B Mz 3] Bn F F
OBSET 419 KHz
OBFIN 729K
POINT 13107
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PW1 525 usec
IRNUC 1H
CTEMP 23¢
SLVNT  GDCL3
EXREF 000 ppm =
BF 120Hz e
RGAIN 2
8
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DFLE  thind-C6F56-13C-re.als
COMNT |
DATIM  2014-07-11 161504
OBNUG  13C
EXMOD  single_pulse_dec
OBFRQ 10053 MHz |
OBSET 5.35KHz
OBFIN 586 H
POINT 26214
FREQU 2512524 Hz
SCANS il
ACQTM 10433 sec o)
PD 20000 sec
PWI 3B uses F F
IRNUC 1H
CTEMP 24¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 120Hz F
RGAIN 58 N
I
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DFILE  282167-tetrahycroindole-BuBn-1H3 als

COMNT

DATIM  20140529172739

OBNUC  1H N
EXMOD single_pulse.ex2

OBFRQ 309,78 MHz

0BSET 419KHz 3m Bn

OBFIN 729Hz

POINT 13107

FREQU 60231 He 2
SCANS 8 ©
ACQTM 21837 sec

PD 50000 sec

Pl 535 useo

IRNUC 1H

CTEMP 23¢

SLVNT cDCL3

EXREF 0.00 ppm N
BF 012Hz = <
RGAIN 30 -
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DFILE 282167-tefrahydroindole-Bu-Bn-13C3.als
COMNT
DATIM 2014-05-2917:3837 N
OBNUG 113G \
EXMOD  single_pulse_dec B
OBFRQ 100.63 MHz
OBSET 536KHz 3 m n
OBFIN 586 Hz
POINT 26214
FREQU 512524 Hz
SCANS 204
ACQTM 1.0433 sec
PD 20000 sec
PW1 333 usec
IRNUC 1H
CTEMP 260
SLVNT CDCL3
EXREF 77.00 ppm
BF 012Hz
RGAIN 30
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DFILE  282173-elrahycroindole-H-Bn-1H als
COMNT
DATIM 20140527 183325 N
O0BNUC  1H \
BXMOD  single_pulse ex2
OBFRQ 07BN 3n Bn
OBSET 419KHz
OBFIN 729k
POINT 13107
FREQU 600231 Hz
SCANS 8
ACQTM 2183 sec o
0 50000 ses 2
PWI 525 uses
IRNUC 1H
CTEMP 216
SLWNT  CDCL3
EXREF 000 ppm
B 012k
RGAIN k)
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DFILE 282173 terahycroindole-H-6n- 136 als
COMNT N
DATIM 20140527 184431 \
OBNUC  13C
EXMOD  single_pulse_des 3n Bn
OBFRQ 10053 MHz
OBSET 53 KHz
OBFIN 586H
POINT %6214
FREQU 2512524 Hz
SCANS 209
ACQTM 104 seo
0 20000 ses
PWI 3B uses
RMUC 1H
CTEMP 25¢
SLNT  CDCL3
EXREF 77,00 ppm
B 012k
RGAIN 30
I
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DFILE 362007 h1.als

DATIM 20140507 17:5446 \

OBNUC  1H 30 B

EXMOD  single_pulse ex2

OBFRG 399.78 MHz n

OBSET 419KHz

OBFIN 729Hz

POINT 13107

FREQU 600231 Hz

SCANS 8 -
ACQTM 21837 sec Z
PD 50000 sec

PW1 5.25 usec

IRNUC 1H

CTEMP 23c¢

SLWNT CDCL3

EXREF 0,00 ppm

BF 120Hz

RGAIN 0
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DFILE 362007 c-1.als Ph

COMNT |
DATIM 20140507 180544 N

OBNUC  13C \ il
EXMOD  single_pulse_dec

OBFRQ 10053 MHz 30 Bn

OBSET 5.35KHz

OBFIN 586 H

POINT 26214

FREQU 2512524 Hz

SCANS 205

ACQTM 1,043 sec

PD 20000 sec

PWI 333 usec

IRNUG  1H

CTEMP 240

SLWT  cDOL3

EXREF 7700 ppm

BF 120Hz

RGAIN 0
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DFLE 362009 hi.als
COMNT Ph
DATIM 20140512 154356
OBNUG  1H N
EXMOD  single_pulse.ex2 \
OBFRQ 78 MHz
0BSET 419KHz 7 Bn
OBFIN 729+
POINT 13107
FREQU 600231 Hz
SCANS 8
ACQTM 21837 sec
PD 50000 sec
PWI 525 usec
IRNUC 1H
CTEMP 24¢
SLVNT  GDCL3
EXREF 0.00 ppm
BF 120Hz
RGAIN 32
|
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DFILE 362009 c-1.als Ph
COMNT
DATIM 20140512 155342 N
OBNUG  13C \
EXMOD  single_pulse_dec
0BFRQ 100,53 MHz 7 Bn
OBSET 535Kz
OBFIN 586H:
POINT 6214
FREQU 2512524 He ‘
SCANS 182 |
AGQTM 1.0433 sec
PD 20000 sec
P 3B usec
IRNUC 1H
CTEMP 26¢
SLVNT  GDCL3
EXREF 7700 ppm
BF 120+
RGAIN 2
Qi |
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OTBS !
DFLE 362010 H1 als Ph
COMNT
DATIM 2014054093213 N
OBNUG  1H \
EXMOD  single_pulse ex2
OBFRQ 39 78 MHz 9 Bn
OBSET 419KHz
OBFIN 729k kb
POINT 13107 ~
FREQU 600231 Hz s
SCANS 8
ACOTM 21837 sec
PD 50000 sec
PW1 5.25 usec
IRNUC 1H
CTENP 256
SLWNT D3
EXREF 0.00 ppm ~
& 120+ z
RGAN 2
&
a8
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DFILE 362010 C-1.als
COMNT Ph
DATIM 2014051409405
OBNUG  13C N
EXMOD  single_pulse_dec \
0BFRQ 100,53 MHz 9
OBSET 535Ktz Bn
OBFIN 586He
POINT 26214
FREQU 2512524 He
SCANS 161
ACQTM 1.0433 sec L
PD 20000 sec |
PWI 333 usec
IRNUC 1H
CTENP 26¢
ST CDCL3
EXREF 7700 ppr
& 120+
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DFILE 362011 Hals \
COMNT Ph
DATIM 2014051612823
OBNUG  1H N
EXMOD  single_puiseex2
OBFRQ 309.78 MHz \
OBSET 419KHz
OBFIN 729k 8 Bn =
POINT 13107 &
FREQU 600231 Hz
SCANS 8
ACQTM 21837 seo
FD 50000 ses
PW1 5.25 usec
IRNUC H
CTEMP 22¢
SLVWNT  CDCL3
EXREF 0.00 ppm -
BF 120+ 3
RGAIN 0 @
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DFILE 362011 C-1.als \
COMNT Ph
DATIM 2014051613713
OBNUG  13C N
EXMOD  single_pulse_dec \
OBFRQ 10053 MHz
0BSET 535KHz 8 Bn
OBFIN 58H
POINT 260214
FREQU 2512524 Hz
SCANS 165
ACQTM 10438 sec !
FD 20000 ses oo
P 3Buses
IRNUC 1H
CTEMP 24c
SLVWNT  CDCL3
EXREF 7700 ppm
BF 120+
RGAIN 0
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