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General Methods and Materials:

Unless specified, all reactions were carried out under a nitrogen atmosphere (balloon)
with dry solvents under anhydrous conditions. a.-bromoamide starting materials were
synthesized according to a previous literature.! Cs,COs (purity: 98%) was purchased
from Alfa Aesar; 1, 4-dioxane (super dry, 99.8%) was purchased from J&K; all other
reagents were purchased and used without further purification unless specified
otherwise. Solvents for chromatography were technical grade and distilled prior to use.
Flash chromatography was performed using 200-300 mesh silica gel with the indicated
solvent system according to standard techniques. Analytical thin-layer
chromatography (TLC) was performed on pre-coated, glass-backed silica gel plates.
Visualization of the developed chromatogram was performed by UV absorbance (254
nm). *H NMR and *3C NMR data were recorded on Bruker 300 M nuclear resonance
spectrometers unless otherwise specified, respectively. Chemical shifts (8) in ppm are
reported as quoted relative to the residual signals of chloroform (*H 7.26 ppm or 3C
77.16 ppm). Multiplicities are described as: s (singlet), bs (broad singlet), d (doublet),
t (triplet), g (quartet), m (multiplet); and coupling constants (/) are reported in Hertz
(Hz). 13C NMR spectra were recorded with total proton decoupling. HRMS (ESI) analysis
was performed by The Analytical Instrumentation Center at College of Chemistry and
Materials Science, Jinan University, and (HRMS) datas were reported with ion
mass/charge (m/z) ratios as values in atomic mass units.



Conditions screening ?
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Entry Solvent Catalysis Base Isolated yield
1 THF NHC A Cs2CO3 28%
2 1, 4-dioxane NHC A Cs2CO3 33%
3 MeCN NHC A Cs2CO3 13%
4 Toluene NHC A Cs2CO3 21%
5 DCE NHC A Cs2CO3 1%
6 DMF NHC A Cs2CO3 <5%
7 MTBE NHC A Cs2CO3 12%
8b 1, 4-dioxane NHC A Cs2COs 37%
9c 1, 4-dioxane NHC A Cs2COs3 33%
10 1, 4-dioxane (0.15 M) NHCA Cs2CO3 33%
1" 1, 4-dioxane (0.2 M) NHCA Cs2CO3 32%
12 1, 4-dioxane (0.3 M) NHCA Cs2CO3 39%
13 1, 4-dioxane (0.3 M) NHCA Cs,C03(0.1 equiv) 9%
14 1, 4-dioxane (0.3 M) NHCA Cs,CO0s3 (0.2 equiv) 39%
15 1, 4-dioxane (0.3 M) NHCA Cs2C03 (0.3 equiv) 44%
16 1, 4-dioxane (0.3 M) NHCA Cs2CO03(0.5 equiv) 77%
17 1, 4-dioxane (0.3 M) NHCA Cs.C03 (0.8 equiv) 88%
18 1, 4-dioxane (0.3 M) NHCA Cs2COs3 (1.0 equiv) 71%
19 1, 4-dioxane (0.3 M) NHCA Cs2C0O3 (1.2 equiv) 53%
20 1, 4-dioxane (0.3 M) NHCA Cs2CO3 (1.5 equiv) 50%
21 1, 4-dioxane (0.3 M) NHCA Cs2CO03(2.0 equiv) 45%
22¢ 1, 4-dioxane (0.3 M) NHCA Cs2C03 (0.8 equiv) 7%
23d 1, 4-dioxane (0.3 M) NHC A (5 mol%) Cs>CO3 (0.8 equiv) 43%
24¢ 1, 4-dioxane (0.3 M) NHCA Cs2C03(0.8 equiv) 83%
25¢ 1, 4-dioxane (0.3 M) NHCA Cs2C03(0.8 equiv) 35%
26f 1, 4-dioxane (0.3 M) NHCA Cs2C03(0.8 equiv) 16%
27 1, 4-dioxane (0.3 M) - Cs2C03(0.8 equiv) 0%
28 1, 4-dioxane (0.3 M) - K>CO3 (0.8 equiv) 0%
29 1, 4-dioxane (0.3 M) - NaHCOs (0.8 equiv) 0%
30 1, 4-dioxane (0.3 M) - t-BuONa (0.8 equiv) 0%
31 1, 4-dioxane (0.3 M) - KOAc (0.8 equiv) 0%
32 1, 4-dioxane (0.3 M) - NaOH (0.8 equiv) trace
33 1, 4-dioxane (0.3 M) - Na2CO3 (0.8 equiv) 0%
34 1, 4-dioxane (0.3 M) - DBU (0.8 equiv) 0%
35 1, 4-dioxane (0.3 M) - EtsN (0.8 equiv) 0%



36 1, 4-dioxane (0.3 M - DIPEA (0.8 equiv) trace

( )
37 1, 4-dioxane (0.3 M) - TMP (0.8 equiv) 0%
38 1, 4-dioxane (0.3 M) - K3POj4 (0.8 equiv) 0%
39 1, 4-dioxane (0.3 M) - - 0%
40 1, 4-dioxane (0.3 M) NHCA - 0%
41 1, 4-dioxane (0.3 M) NHCA t-BuONa (0.8 equiv) 14%
42 1, 4-dioxane (0.3 M) NHCA DIPEA (0.8 equiv) 10%
43 1, 4-dioxane (0.3 M) NHCA DBU (0.8 equiv) 6%
44 1, 4-dioxane (0.3 M) NHCA NaOH (0.8 equiv) 33%
45 1, 4-dioxane (0.3 M) NHCA K2CO3 (0.8 equiv) 51%
46 1, 4-dioxane (0.3 M) NHCB Cs,C03 (0.8 equiv) <5%
47 1, 4-dioxane (0.3 M) MHCC Cs,C03 (0.8 equiv) <5%
48 1, 4-dioxane (0.3 M) NHCD Cs,C03 (0.8 equiv) 0%
49 1, 4-dioxane (0.3 M) NHCE Cs,CO0Os3 (0.8 equiv) 22%
50 1, 4-dioxane (0.3 M) NHCF Cs2COs3 (0.8 equiv) 10%
51 1, 4-dioxane (0.3 M) NHCG Cs,COs3 (0.8 equiv) trace
52 1, 4-dioxane (0.3 M) NHCH Cs2C03(0.8 equiv) 30%
53 1, 4-dioxane (0.3 M) NHC | Cs2COs3 (0.8 equiv) 45%
54 1, 4-dioxane (0.3 M) NHCJ Cs2C03(0.8 equiv) 79%
55 1, 4-dioxane (0.3 M) NHCK Cs2COs3 (0.8 equiv) 13%
56 1, 4-dioxane (0.3 M) NHCL Cs2C03(0.8 equiv) 0%
57 1, 4-dioxane (0.3 M) NHC M Cs2COs3 (0.8 equiv) 41%
58 1, 4-dioxane (0.3 M) NHCN Cs2COs3 (0.8 equiv) 63%
59 1, 4-dioxane (0.3 M) NHCO Cs2COs3 (0.8 equiv) 10%
609 1, 4-dioxane (0.3 M) NHCA Cs2CO03(0.8 equiv) 0%

@ Reaction on a 0.3 mmol scale, under N, isolated yield; ? react at 120 °C; ¢ react at 80 °C;
d react for 22 h; ¢ react at 60 °C; f react at 40 °C; ¢ react at rt.

Note:
DCE =1, 2-dichloroethane; MTBE = tert-Butyl methyl ether; DIPEA = N, N-diisopropylethylamine;

DBU = 1, 8-Diazabicyclo[5, 4, OJundec-7-ene; TMP = 2, 2, 6, 6-tetramethylpiperidine.

The structure of NHC catalysts:
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General Procedure for NHC-Catalyzed Oxindole Synthesis

;’ N= clo;

S R

1R,
X RaJ R (10 mol%) N
R > R (0]
Z N 0 Cs,CO3; (0.8 equiv) > N
| 1, 4-dioxane,100 °C, 30 h

\
R' R’
1 2

o-bromoamide 1 (0.3 mmol, 1.0 equiv.), NHC A (10 mol%) and Cs,COs3 (0.24 mmol, 0.8
equiv.) were weighed into a Schlenk tube. The reaction vessel was capped and
subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-dioxane (1.0 mL)
was added through the side-arm by syringe (if a-bromoamide 1 is a liquid, it was first
dissolved in 1, 4-dioxane, then added to the reaction tube). The reaction was stirred
under nitrogen at 100 °C for 30 h. Upon complete consumption of a-bromoamide 1
compound, the reaction was cooled to room temperature. Volatile solvent and
reagents were removed by rotary evaporation and the residue was purified by silica
gel flash chromatography using petroleum ether/EtOAc (50:1 to 30:1) to afford the
desired product 2.

General Procedure for Scalable Reaction (5.0 mmol scale)

;’ ;N+ clog

Br S
10 mol%
( o) . o
N o Cs,CO0O3 (0.8 equiv) N
| 1, 4-dioxane,100 °C, 34 h \
1a 2a

a-bromoamide 1a (5 mmol, 1.28 g), NHC A (0.5 mol, 207 mg) and Cs;COs3 (4 mmol,
1.30 g) were weighed into a 100 mL Schlenk tube. The reaction vessel was capped and
subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-dioxane (20 mL) was
added through the side-arm by syringe. The reaction was stirred under nitrogen at
100 °C for 34 h. Upon complete consumption of a-bromoamide 1a compound, the
reaction was cooled to room temperature. Volatile solvent and reagents were
removed by rotary evaporation and the residue was purified by silica gel flash
chromatography using petroleum ether/EtOAc (50:1 to 30:1) to afford the desired
product 2a as a yellow oil, got: 767 mg, yield: 88%.



Characterization of Oxindole Products
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1, 3, 3-trimethylindolin-2-one (2a).2 yield: 88%, yellow oil. *H NMR (CDCls, 300 MHz): &
7.25 (t, J = 7.8 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H),
3.21 (s, 3H), 1.37 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.3, 142.6, 135.8, 127.7, 122.5, 122.2,
108.0, 44.1, 26.2, 24.4.
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1-ethyl-3, 3-dimethylindolin-2-one (2b).2 yield: 61%, yellow oil. *H NMR (CDCls, 300 MHz):
87.28-7.20 (m, 2H), 7.05 (t, J = 7.5 Hz, 1H), 6.87 (d, J = 7.7 Hz, 1H), 3.77 (q, J = 7.2 Hz, 2H), 1.37
(s, 6H), 1.26 (t, J = 7.1 Hz, 3H); *3C NMR (CDCls, 75 MHz): § 181.1, 141.8, 136.2, 127.7, 122.5,
122.3,108.3, 44.2, 34.6, 24.5, 12.8.
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1-isopropyl-3, 3-dimethylindolin-2-one (2c).? yield: 75%, yellow oil. *H NMR (CDCls, 300
MHz): 6 7.26-7.19 (m, 2H), 7.05-7.01 (m, 2H), 4.65 (hept, J = 7.1 Hz, 1H), 1.48 (d, / = 7.1 Hz,
6H), 1.35 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.1, 141.8, 136.2, 127.7, 122.5, 122.3, 108.3,
44.2,34.6,24.5,12.8.

1-cyclopropyl-3, 3-dimethylindolin-2-one (2d). yield: 74%, yellow oil. *H NMR (CDCls, 300
MHz): 6 7.26 (t, /= 6.6 Hz, 1H), 7.18 (d, /= 7.2 Hz, 1H), 7.11 (d, J = 7.7 Hz, 1H), 7.05 (t, /= 7.5
Hz, 1H), 2.68-2.61 (m, 1H), 1.34 (s, 6H), 1.09-1.03 (m, 2H), 0.93-0.87 (m, 2H); *C NMR (CDCl;,
75MHz): 6 182.2,143.1,135.6,127.7,122.5,122.2,109.5, 44.2, 24.6, 22.2, 6.1. IR (ATR): 2967,
1716, 1611, 1488, 1385, 1126, 821, 743, 754, 694. HRMS (ESI): found: 202.1234, calcd. for
Ci3H16NO [M+H]*: 202.1226.



1-cyclohexyl-3, 3-dimethylindolin-2-one (2e). yield: 80%, yellow solid. *H NMR (CDCl;,
300 MHz): 6 7.26-7.19 (m, 2H), 7.08-6.99 (m, 2H), 4.23-4.08 (m, 1H), 2.22-2.08 (m, 2H), 1.91-
1.87 (m, 2H), 1.77-1.73 (m, 2H), 1.49-1.19 (m, 4H), 1.34 (s, 6H); 3C NMR (CDCls, 75 MHz): &
181.3,141.7,136.4,127.3,122.6,121.9,110.2,51.9,43.8,29.3, 26.1, 25.5, 24.6. IR (ATR): 2930,
2858, 1705, 1610, 1457, 1360, 1183, 755, 741. HRMS (ESI): found: 244.1700, calcd. for
C16H2oNO [M+H]*: 244.1696.
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1-butyl-3, 3-dimethylindolin-2-one (2f).2 yield: 72%, yellow oil. *H NMR (CDCls, 300 MHz):
§7.27-7.19 (m, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.86 (d, J = 7.7 Hz, 1H), 3.71 (t,J = 7.2 Hz, 2H), 1.71-
1.61 (m, 2H), 1.44-1.26 (m, 2H), 1.36 (s, 6H), 0.95 (t, J = 7.3 Hz, 3H); 3C NMR (CDCls, 75 MHz):
6181.4,142.1,136.1,127.6,122.5,122.3, 108.4, 44.2, 39.6, 29.6, 24.5, 20.2, 13.9.

N
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3, 3-dimethyl-1-phenylindolin-2-one (2g).? yield: 84%, white solid. *H NMR (CDCls, 300
MHz): 6 7.54-7.49 (m, 2H), 7.43-7.37 (m, 3H), 7.27 (d, J = 7.3 Hz, 1H), 7.19 (td, J = 7.7, 1.1 Hz,
1H), 7.09 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 1.49 (s, 6H); 3C NMR (CDCls, 75 MHz): &
180.8, 142.6, 135.8, 134.8,129.7, 128.0, 127.7,126.7,123.1, 122.7, 109.5, 44 .4, 24.9.
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1-benzyl-3, 3-dimethylindolin-2-one (2h).2 yield: 61%, white solid. *H NMR (CDCls, 300
MHz): 6 7.33-7.22 (m, 6H), 7.13 (t, J = 7.6 Hz, 1H), 7.02 (t, J = 7.4 Hz, 1H), 6.72 (d, J/ = 7.7 Hz,
1H), 4.91 (s, 2H), 1.44 (s, 6H); **C NMR (CDCls, 75 MHz): 6 181.6, 141.8, 136.2, 135.9, 128.9,
127.7,127.6,127.3,122.6,122.4,109.2, 44.3, 43.6, 24.6.
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3-ethyl-1, 3-dimethylindolin-2-one (2i).2 yield: 85%, yellow oil. 'H NMR (CDCls, 300 MHz):
§7.26 (t,J=7.6 Hz, 1H), 7.17 (d, J = 7.1 Hz, 1H), 7.06 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H),
3.21 (s, 3H), 1.99-1.87 (m, 1H), 1.83-1.71 (m, 1H), 1.35 (s, 3H), 0.59 (t, J = 7.4 Hz, 3H); 3C NMR
(CDCls, 75 MHz): 6 180.8, 143.6, 134.0, 127.7, 122.6, 122.5, 107.9, 49.0, 31.5, 26.1, 23.4, 8.9.

\

1'-methylspiro[cyclobutane-1, 3'-indolin]-2'-one (2j).2 yield: 63%, yellow oil. *H NMR
(CDCls3, 300 MHz): 6 7.51 (d, J=7.2 Hz, 1H), 7.25 (td, J = 7.6, 0.8 Hz, 1H), 7.09 (t, /= 7.3 Hz, 1H),
6.78 (d, J = 7.7 Hz, 1H), 3.18 (s, 3H), 2.71-2.62 (m, 2H), 2.40-2.20 (m, 4H); *3C NMR (CDCls, 75
MHz): 6 180.3, 143.0, 134.5, 127.9, 122.6, 122.3, 107.7, 48.2, 31.4, 26.2, 16.9.

\

1'-methylspiro[cyclopentane-1, 3'-indolin]-2'-one (2k).3 yield: 83%, yellow solid. '"H NMR
(CDCls, 300 MHz): & 7.26-7.18 (m, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 3.20 (s,
3H), 2.17-1.81 (m, 8H); 3C NMR (CDCls, 75 MHz): § 182.0, 143.0, 137.0, 127.4, 122.6, 122.3,
107.8, 54.0, 38.4, 26.7, 26.3.

N
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1, 3, 3, 7-tetramethylindolin-2-one (2l).2 yield: 77%, white solid. *H NMR (CDCls, 300 MHz):
5 7.05-6.91 (m, 3H), 3.50 (s, 3H), 2.59 (s, 3H), 1.35 (s, 6H); *3C NMR (CDCls, 75 MHz): § 182.2,
140.5, 136.6, 131.5, 122.5, 120.3, 119.8, 43.6, 29.6, 24.8, 19.2.
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7-chloro-1, 3, 3-trimethylindolin-2-one (2m).! yield: 82%, white solid. *H NMR (CDCls, 300
MHz): 6 7.18 (d, J = 8.1 Hz, 1H), 7.08 (d, J = 7.2 Hz, 1H), 6.96 (t, J = 7.8 Hz, 1H), 3.59 (s, 3H),
1.36 (s, 6H); 13C NMR (CDCls, 75 MHz): 6 181.6, 138.7, 138.6, 130.1, 123.4, 120.9, 115.6, 44.1,

29.7,24.8.

Ph
1, 3, 3-trimethyl-7-phenylindolin-2-one (2n).? yield: 63%, yellow solid. *H NMR (CDCls,
300 MHz): 6 7.40-7.34 (m, 5H), 7.22-7.19 (m, 1H), 7.09-7.03 (m, 2H), 2.74 (s, 3H), 1.41 (s, 6H);
13C NMR (CDCls, 75 MHz): § 182.5, 139.6, 139.2, 136.9, 130.8, 130.0, 127.9, 127.7,125.5, 121.9,
121.4, 43.6,30.2, 24.9.

20 20'

1, 3, 3, 4-tetramethylindolin-2-one (20) and 1, 3, 3, 6-tetramethylindolin-2-one
(20°).420: 20’ = 1.8 : 1, total yield: 84%, yellow solid. *H NMR (CDCls, 300 MHz): 6 7.16 (t, J =
7.8 Hz, 1H), 7.09 (d, J = 7.4 Hz, 0.6H), 6.88 (d, J = 7.6 Hz, 0.6H), 6.83 (d, J = 7.8 Hz, 1H), 6.71-
6.68 (m, 1.5H), 3.20 (s, 4.7H), 2.40 (s, 3H), 2.39 (s, 1.6H), 1.45 (s, 6H), 1.35 (s, 3.3H); 3C NMR
(CDCl3, 75 MHz): 6 181.8, 181.4, 143.0, 142.8, 137.8, 134.1, 133.0, 132.6, 127.5, 125.1, 123.0,
122.0,109.1, 105.8, 45.0, 44.0, 26.4, 26.2, 24.5, 22.4,21.8, 18.2.
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4-bromo-1, 3, 3-trimethylindolin-2-one (2p). yield: 58%, colorless oil. *"H NMR (CDCls, 300
MHz): & 7.18-7.10 (m, 2H), 6.79 (dd, J = 7.2, 1.1 Hz, 1H), 3.21 (s, 3H), 1.52 (s, 6H); 3C NMR
(CDCl5, 75 MHz): 6 180.9, 144.8, 133.4, 129.2, 126.9, 118.9, 107.2, 46.6, 26.5, 21.5.
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1, 3, 3, 5-tetramethylindolin-2-one (2q).2 yield: 81%, yellow solid. *H NMR (CDCls;, 300
MHz): § 7.06-7.02 (m, 2H), 6.73 (d, J = 7.8 Hz, 1H), 3.19 (s, 3H), 2.34 (s, 3H), 1.35 (s, 6H); 13C
NMR (CDCls, 75 MHz): & 181.4, 140.3, 136.0, 132.1, 127.9, 123.2, 107.8, 44.3, 26.3, 24.5, 21.2.

5-methoxy-1, 3, 3-trimethylindolin-2-one (2r).? yield: 75%, colorless oil. *H NMR (CDCls,
300 MHz): 6 6.82 (d, J = 1.9 Hz, 1H), 6.77-6.72 (m, 2H), 3.80 (s, 3H), 3.19 (s, 3H), 1.36 (s, 6H);
13C NMR (CDCls, 75 MHz): 6 181.2, 156.2, 137.4, 136.3, 111.7, 110.2, 108.3, 56.0, 44.8, 26.4,
24.5.

1, 3, 3-trimethyl-5-(methylthio)indolin-2-one (2s). yield: 73%, yellow solid. *H NMR
(CDClIs, 300 MHz): 6 7.25-7.20 (m, 2H), 6.79 (d, J = 8.0 Hz, 1H), 3.20 (s, 3H), 2.48 (s, 3H), 1.37
(s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.1, 141.1, 136.8, 131.4, 128.0, 123.2, 108.6, 44.4, 26.4,
24.4,18.1. IR (ATR): 2967, 1705, 1608, 1489, 1344, 1243, 1128, 806, 544. HRMS (ESI): found:
222.0952, calcd. for C1oH16NOS [M+H]*: 222.0947.

4 i
(o]

5-isopropyl-1, 3, 3-trimethylindolin-2-one (2t).2 yield: 58%, white solid. *H NMR (CDCls,
300 MHz): 6 7.12 (d, J=8.0Hz, 1H), 7.08 (s, 1H), 6.77 (d, J= 7.9 Hz, 1H), 3.20 (s, 3H), 2.91 (hept,
J=6.8 Hz, 1H), 1.37 (s, 6H), 1.26 (d, J = 6.9 Hz, 6H); *C NMR (CDCls, 75 MHz): & 181.6, 143.5,
140.7, 136.0, 125.3, 120.6, 107.8, 44.4,34.1, 26.3, 24.5, 24.4.
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5-(tert-butyl)-1, 3, 3-trimethylindolin-2-one (2u).2 yield: 63%, white solid. *H NMR (CDCls,
300 MHz): 6 7.29 (dd, /= 8.1, 1.8 Hz, 1H), 7.24 (d, /= 1.6 Hz, 1H), 6.78 (d, / = 8.1 Hz, 1H), 3.20
(s, 3H), 1.38 (s, 6H), 1.33 (s, 9H); 3C NMR (CDCls, 75 MHz): & 181.7, 145.9, 140.4, 135.7, 124.3,
119.5, 107.5, 44.5, 34.7, 31.8, 26.3, 24.6.

|
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5-(dimethylamino)-1, 3, 3-trimethylindolin-2-one (2v).? yield: 88%, yellow oil. *H NMR
(CDCls, 300 MHz): & 6.75-6.72 (m, 2H), 6.64 (dd, J = 8.5, 2.3 Hz, 1H), 3.18 (s, 3H), 2.91 (s, 6H),
1.37 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.0, 147.8, 137.0, 133.8, 111.9, 109.2, 108.4, 44.7,
41.8,26.3, 24.6.

Ph\©8/<:
0
N
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1, 3, 3-trimethyl-5-phenylindolin-2-one (2w).2 yield: 91%, yellow oil. *H NMR (CDCls, 300
MHz): 6 7.56 (d, J = 7.4 Hz, 2H), 7.50-7.40 (m, 4H), 7.31 (t, J = 7.2 Hz, 1H), 6.90 (d, J = 8.0 Hz,
1H), 3.23 (s, 3H), 1.42 (s, 6H); 3C NMR (CDCls, 75 MHz): & 181.4, 142.1, 141.1, 136.5, 136.1,
128.9,127.0,126.9, 126.6,121.3, 108.3, 44.4, 26.4, 24.5.

O\&o
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5-cyclohexyl-1, 3, 3-trimethylindolin-2-one (2x). yield: 74%, white solid. *H NMR (CDCl;,
300 MHz): 6 7.10 (d, J = 8.0 Hz, 1H), 7.07 (s, 1H), 6.77 (d, J = 7.9 Hz, 1H), 3.19 (s, 3H), 2.52-2.45
(m, 1H), 1.88-1.77 (m, 6H), 1.48-1.15 (m, 4H), 1.36 (s, 6H); 3C NMR (CDCls, 75 MHz): § 181.6,
142.8,140.7,135.9,125.7,121.0, 107.8, 44.5, 44.4, 35.0, 27.0, 26.3, 26.2, 24.6. IR (ATR): 2923,
2850, 1709, 1620, 1494, 1350, 1247, 1064, 810, 731. HRMS (ESI): found: 258.1862, calcd. for
C17H24NO [M+H]*: 258.1852.

N
\

5-fluoro-1, 3, 3-trimethylindolin-2-one (2y).? yield: 62%, yellow solid. *H NMR (CDCls, 300
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MHz): 6 6.99-6.94 (m, 2H), 6.78-6.74 (m, 1H), 3.21 (s, 3H), 1.37 (s, 6H); °F NMR (CDCls, 282
MHz): 6 -120.9 (m, 1F); 3C NMR (CDCls, 75 MHz): & 181.1, 159.53 (d, J.r = 238.8), 138.6, 137.6
(d, Jsr=7.8), 113.8 (d, Jor = 23.3), 110.7 (d, Jor = 24.4), 108.6 (d, J3r = 8.1), 44.8, 26.5, 24.4.

Cl

-z S§<
(o]

5-chloro-1, 3, 3-trimethylindolin-2-one (2z).3 yield: 87%, yellow solid. *H NMR (CDCls, 300
MHz): & 7.23 (dd, J = 8.2, 2.0 Hz, 1H), 7.18 (d, J = 1.9 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 3.21 (s,
3H), 1.37 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 180.9, 141.3, 137.5, 127.9, 127.6, 123.0, 109.0,
44.5,26.4, 24.3.

B

.,
= i
(®)

5-bromo-1, 3, 3-trimethylindolin-2-one (2ab).3 yield: 52%, white solid. *"H NMR (CDCls,
300 MHz): 6 7.38 (dd, /=8.2,1.8 Hz, 1H), 7.31 (d, /= 1.5 Hz, 1H), 6.72 (d, /= 8.2 Hz, 1H), 3.20
(s,3H), 1.36 (s, 6H); >*C NMR (CDCls, 75 MHz): 6 180.8, 141.8, 138.0, 130.6, 125.8, 115.3, 109.6,
44.6, 26.4, 24.4.

MeO,C

4 i
(®)

methyl 1, 3, 3-trimethyl-2-oxoindoline-5-carboxylate (2ac).3 yield: 73%, yellow solid. *H
NMR (CDCls;, 300 MHz): & 8.02 (dd, J = 8.2, 1.2 Hz, 1H), 7.89 (s, 1H), 6.89 (d, J = 8.2 Hz, 1H),
3.92 (s, 3H), 3.26 (s, 3H), 1.40 (s, 6H); 13C NMR (CDCls, 75 MHz): 6 181.7, 167.0, 146.9, 135.8,
130.6,124.5, 123.7, 107.6,52.1, 44.1, 26.5, 24.3.

NC

/z;><
(©)

1, 3, 3-trimethyl-2-oxoindoline-5-carbonitrile (2ad).? yield: 84%, white solid. *H NMR
(CDCl3, 300 MHz): 6 7.61 (dd, J = 8.1, 1.3 Hz, 1H), 7.46 (s, 1H), 6.93 (d, J = 8.1 Hz, 1H), 3.26 (s,
3H), 1.40 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.0, 146.6, 136.8, 133.2, 125.8, 119.3, 108.6,
105.6, 44.1, 26.5, 24.2.

12



1, 3, 3-trimethyl-5-nitroindolin-2-one (2ae).* yield: 68%, yellow solid. *H NMR (CDCls, 300
MHz): 6 8.26 (dd, J = 8.6, 2.2 Hz, 1H), 8.11 (d, J = 2.1 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 3.30 (s,
3H), 1.44 (s, 6H); *C NMR (CDCls, 75 MHz): & 181.3, 148.5, 143.6, 136.6, 125.3, 118.4, 107.7,
44.3,26.7,24.2.

1, 3, 3-trimethyl-5-(trifluoromethyl)indolin-2-one (2af).? yield: 68%, yellow solid. *H
NMR (CDCls, 300 MHz): & 7.56 (d, J = 8.1 Hz, 1H), 7.44 (s, 1H), 6.93 (d, J = 8.2 Hz, 1H), 3.26 (s,
3H), 1.40 (s, 6H); 1°F NMR (CDCls, 282 MHz): 6 -61.4 (m, 1F); *C NMR (CDCls, 75 MHz): 6 181.3,
145.8, 136.4, 125.7 (q, Jsr = 4.0), 124.9 (q, Jor = 32.3), 124.6 (q, Jsr = 269.8), 119.5 (q, J3 = 3.6),
107.9, 44.3, 26.5, 24.3.

O,N

/z;><
o

1, 3, 3, 7-tetramethyl-5-nitroindolin-2-one (2ag). yield: 49%, yellow solid. *H NMR (CDCl;,
300 MHz): § 7.98 (s, 1H), 7.92 (s, 1H), 3.56 (s, 3H), 2.69 (s, 3H), 1.40 (s, 6H); *3C NMR (CDCls,
75 MHz): 6 182.2, 146.5, 143.0, 137.3, 127.9, 120.2, 116.2, 43.6, 29.7, 24.6, 19.3.

7-bromo-1, 3, 3, 5-tetramethylindolin-2-one (2ah). yield: 84%, yellow solid. *H NMR
(CDCls, 300 MHz): 6 7.17 (s, 1H), 6.93 (s, 1H), 3.57 (s, 3H), 2.30 (s, 3H), 1.34 (s, 6H); 3C NMR
(CDCl5, 75 MHz): 6 181.7, 138.9, 137.6, 133.7, 133.3, 122.5, 102.0, 44.1, 29.8, 24.8, 20.6. IR
(ATR): 2969, 1717, 1570, 1468, 1336, 1252, 1066, 853, 789, 743. HRMS (ESI): found: 268.0334,
calcd. for C1,H1sBrNO (M*): 268.0332.
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1, 3, 3-trimethyl-1,3-dihydro-2H-pyrrolo[3, 2-c]pyridin-2-one (2ai).> vyield: 51%,
colorless oil. *H NMR (CDCls, 300 MHz): & 8.47 (d, J = 5.3 Hz, 1H), 8.34 (s, 1H), 6.82 (d, J = 5.3
Hz, 1H), 3.23 (s, 3H), 1.43 (s, 6H); 3C NMR (CDCls, 75 MHz): 6 181.2, 150.1, 149.7, 142.8, 131.3,
103.9, 43.1, 26.4, 24.3.

N

(o)

1, 1-dimethyl-5, 6-dihydro-4H-pyrrolo[3, 2, 1-ijlquinolin-2(1H)-one (2aj).? yield: 81%,
yellow oil. *H NMR (CDCls, 300 MHz): § 7.05-6.92 (m, 3H), 3.72 (t, J = 5.8 Hz, 2H), 2.79 (t, J =
6.0 Hz, 2H), 2.01 (quint, J = 5.9 Hz, 2H), 1.38 (s, 6H); *C NMR (CDCl3, 75 MHz): § 180.4, 138.5,
134.5,126.5, 122.0, 120.2, 120.1, 45.6, 38.9, 24.7, 24.3, 21.3.

Bt cN
L5
N
\
3-ethyl-1-methyl-2-oxoindoline-3-carbonitrile (2ak).® yield: 58%, colorless oil. *H NMR
(CDCls, 300 MHz): 6 7.43-7.38 (m, 2H), 7.17 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 3.26 (s,

3H), 2.31-2.07 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H); **C NMR (CDCls, 75 MHz): § 170.7, 143.3, 130.4,
125.4,124.3,123.8,117.2,109.1, 47.2, 31.0, 27.0, 8.5.

Ph

CO,Et
CL-
N

\
ethyl 1-methyl-2-oxo-3-phenylindoline-3-carboxylate (2al).” yield: 40%, yellow solid. *H
NMR (CDCls, 300 MHz): 6 7.46 (d, J = 7.6 Hz, 1H), 7.40 (t, /= 7.8 Hz, 1H), 7.32 (s, 5H), 7.16 (t, J
=7.5Hz, 1H), 6.93 (d, J = 7.9 Hz, 1H), 4.30-4.14 (m, 2H), 3.23 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H); 3C
NMR (CDCls, 75 MHz): & 172.9, 169.3, 144.5, 136.1, 129.7, 128.6, 128.3, 128.0, 127.2, 126.1,
123.0, 108.8, 64.2,62.4, 26.9, 14.1.
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n-Bu okt

(o]

N
\

ethyl 3-butyl-1-methyl-2-oxoindoline-3-carboxylate (2am). yield: 34%, colorless oil. *H
NMR (CDCls, 300 MHz): 6§ 7.32 (t,J=7.7 Hz, 1H), 7.26-7.24 (m, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.85
(d,J = 7.8 Hz, 1H), 4.18-4.07 (m, 2H), 3.25 (s, 3H), 2.31-2.13 (m, 2H), 1.25-1.22 (m, 4H), 1.16 (t,
J=7.1Hz, 3H), 7.32 (t, J = 7.3 Hz, 3H); *3C NMR (CDCls, 75 MHz): § 174.5, 169.7, 144.3, 129.0,
128.5,123.5,122.9, 108.3, 61.9, 59.7, 34.1, 26.6, 25.8, 22.8, 14.1, 13.9. IR (ATR): 2926, 1717,
1611, 1493, 1348, 1226, 1080, 964, 749. HRMS (ESI): found: 276.1600, calcd. for Ci;6H22NO3
[M+H]*: 276.1594.
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Diversity of the products

(a) Demethylation 8

i. BPO, DCM, 80 °C
N ii. NaOH, MeOH, rt

N
T H
\ iii. NH3 (aq. ), MeOH, rt 3a

2a

A solution of oxindole 2a (1 mmol, 175 mg) and benzoyl peroxide (2.0 equiv.) in dry
DCM (2 mL) in a sealed tube was heated slowly to 80 °C. After stirring for 18 h, the
reaction mixture was cooled to rt and the solvent was evaporated. The residue was dissolved
in MeOH (4 mL), NaOH (3.65 mmol, 146 mg) was added and the reaction mixture was stirred
at rt for 18 h. Then the slurry was poured into saturated aqueous NH4Cl (10 mL) and extracted
with DCM (3*6 mL). The combined organic layers were dried by anhydrous Na,SO, and
concentrated. The residue was dissolved in a methanolic NH3 solution (5 mL, 7M) and stirred
for 19 h at rt. After reaction, the mixture was extracted by EtOAc (3*10 mL) and dried by
anhydrous Na,SO, and concentrated, purified by silica gel flash chromatography using
Petroleum ether/EtOAc (30:1 to 2:1) to afford the desired product 3a as a white solid.

N
H

3, 3-dimethylindolin-2-one (3a).2 yield: 70%, white solid. *H NMR (CDCls, 300 MHz): § 9.71
(s, 1H), 7.21-7.16 (m, 2H), 7.05-6.97 (m, 2H), 1.41 (s, 6H); 3C NMR (CDCls, 75 MHz): & 184.9,
140.2, 136.4, 127.7, 122.6, 122.5, 110.2, 44.9, 24.4.

(b) Synthesis of the indoline-2-thione °

Lawesson's reagent

N Toluene, reflux, N, N S

R R
R=Me, 2a R=Ph, 3b
R=Ph, 2g R=Me, 3c

Oxindoles (2a or 2g, 1 mmol) and Lawesson’s reagent (0.51 equiv.) were added into a
test tube under N;. Then dry toluene (2 mL) was added by syringe. It was sealed and
refluxed for 1.5-2 h. After cooling down, the mixture was poured into water. The organic
layer was separated and the aqueous layer was extracted with ether. The organic layers were
combined, washed with brine, dried over Na,SO,, concentrated in vacuo and finally purified
by silica gel chromatography eluting with EtOAc/PE (1:40) to afford the product 3b-c.

16



N
\
Ph
3, 3-dimethyl-1-phenylindoline-2-thione (3b).° yield: 96%, white solid. *H NMR (CDCls,
300 MHz): & 7.61-7.48 (m, 3H), 7.40-7.36 (m, 3H), 7.21-7.19 (m, 2H), 6.71-6.68 (m, 1H), 1.57
(s, 6H); *C NMR (CDCls, 75 MHz): 6 213.8, 145.1, 140.3, 137.1, 130.0, 129.2, 127.8, 127.7,
124.4,123.0, 110.7, 55.4, 28.7.

N
\

1, 3, 3-trimethylindoline-2-thione (3c).1° yield: 50%, colorless oil. *H NMR (CDCls, 300
MHz): 6 7.35-7.30 (m, 2H), 7.19 (t, J = 7.5 Hz, 1H), 7.05 (d, J = 7.9 Hz, 1H), 3.65 (s, 3H), 1.44 (s,
6H); 1*C NMR (CDCls, 75 MHz): & 211.9, 143.9, 140.3, 127.8, 124.2, 122.7, 109.6, 54.9, 31.5,
28.0.

(c) Reduction of amide !

o LiAIH,
N THF, 0 °C to reflux N

\ \

2a 3d

In a flame-dried Schlenktube, oxindole 2a was dissolved in anhydrous THF (5 mL),
LiAlH4 (1 mmol, 175 mg) was then added slowly at 0 °C under N;. The reaction was
then heated to reflux overnight. After cooling to room temperature, the reaction
was quenched with a saturated solution of NH4Cl. The reaction was then extracted
with ether three times. The combined organic extracts were washed with brine,
dried with MgSQ, filtrated and concentrated in vacuo. The product was purified by
flash column chromatography (20:1, PE/Et,0) to yield 3d as a colorless oil.

N
\

1, 3, 3-trimethylindoline (3d).1! yield: 98%, volatile colorless oil. ‘H NMR (CDCls, 300 MHz):
67.09(t,/J=7.5Hz, 1H),7.01 (d, J=7.2 Hz, 1H), 6.70 (t, J = 7.3 Hz, 1H), 6.49 (d, / = 7.8 Hz, 1H),
3.06 (s, 2H), 2.75 (s, 3H), 1.30 (s, 6H); 3C NMR (CDCls, 75 MHz): § 151.9, 139.0, 127.4, 121.4,
117.9.107.2,70.2,40.1, 35.8, 27.3.
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(d) C-H alkenylation 2

(o]
N [CP*Rh(MeCN);][SbFl, N = f0Me
o -
. + 27 CO,Me AgOAc, DCE, N,
\
e 130 °C, 12 h 3e

Oxindole 2g (0.3 mmol, 71.2 mg), methyl acrylate (81.6 pL, 2.5 equiv.),
[Cp*Rh(MeCN)3][SbFe]2 (12.6 mg, 5 mol %), AgOAc (50.4 mg, 1 equiv.) were stirred in
DCE (2.0 mL) at 130 °C for 12 h. After completion, the reaction mixture was purified
by flash chromatography eluting with ethyl acetate and petroleum ether (1:40 to
1:10) to give the product 3e as a white solid.

CO,Me

methyl (£)-3-(2-(3, 3-dimethyl-2-oxoindolin-1-yl)phenyl)acrylate (3e).!? yield: 86%,
yellow solid. 'H NMR (CDCls, 300 MHz): 6 7.80 (d, J = 7.2 Hz, 1H), 7.56-7.45 (m, 3H), 7.35-7.29
(m, 2H), 7.18-7.07 (m, 2H), 6.50 (d, J = 7.2 Hz, 1H), 6.43 (d, J = 16.0 Hz, 1H), 3.69 (s, 3H), 1.57
(s,3H), 1.52 (s, 3H); **C NMR (CDCls, 75 MHz): 6 181.0, 166.8, 142.8,139.3, 135.6, 134.1, 133.0,
131.4,129.3,128.9, 127.8,127.8,123.3, 122.8,120.3, 109.4, 51.7, 44.6, 25.5, 24.1.

(e) C—H arylation 13

()

(o]
* N
o . [CP'RNCLl, O
N\ AgNTf,, AgOAc, DCE
2g Ph N, 110°C,40h 3¢ Q

Under N atmosphere, to a 15 mL oven-dried screw-top pressure reaction tube
equipped with a magnetic stirring bar were added oxindole 2g (1.2 equiv, 57.0 mg),
1, 4-dihydro-1, 4-epoxynaphthalene (0.2 mmol, 28.8 mg), [Cp*RhCl:]> (5 mol %, 6.2
mg), AgNTf, (40 mol %, 31.0 mg), AgOAc (0.9 equiv, 30.0 mg) and anhydrous DCE
(2.0 mL). The reaction tube was sealed with a screw teflon cap. After stirring at 110 °
Cfor 40 h, the reaction mixture was diluted with EtOAc, dried with MgSQu, filtered,
and concentrated. The residue was purified by flash chromatography on silica gel
(petroleum ether/EtOAc = 40:1 to 20:1 as eluent) to afford the desired product 3f as
a colorless oil.

18



e
&

3, 3-dimethyl-1-(2-(naphthalen-2-yl)phenyl)indolin-2-one (3f).13 yield: 46%, colorless
oil. 'H NMR (CDCls, 300 MHz): 7.74-7.53 (m, 7H), 7.41-7.38 (m, 4H), 7.09-7.03 (m, 2H), 6.94 (t,
J=7.2 Hz, 1H), 6.53 (d, J = 7.6 Hz, 1H), 1.39 (s, 3H), 1.00 (s, 3H); 3C NMR (CDCls, 75 MHz): &
181.1, 143.2,141.7,136.3,135.5,133.2,132.6,132.5,131.7,129.4,129.3,129.1,128.2,127.9,
127.7,127.6, 127.4, 126.7, 126.2, 126.1, 122.7, 122.4, 109.4, 44.3, 24.7, 24.1.

20

(f) C—H activation and cascade cyclization °

N
Cp*RhClI Ph
O + php—=——pn [Ce 2z > Ph
N AgNTf,, Ag,0, i-PrCOOH
2g Ph DCE, N,, 110 °C, 40 h oh
39 pn

Under N; atmosphere, to a 15 mL tube were added oxindole 2g (0.2 mmol, 47.5 mg),
diphenylacetylene (2.2 equiv, 78.4 mg), [Cp*RhCl2]2 (5 mol %, 6.2 mg), AgNTf, (40
mol %, 31.0 mg), Ag>0 (1.1 equiv, 51.0 mg) and DCE (anhydrous, 1.5 mL). Then
i-PrCOOH (2.2 equiv, 41.0 pL) was added at room temperature. After stirring at 100
°C for 40 h, the reaction mixture was diluted with EtOAc, dried with MgSOQ, filtered,
and concentrated. The residue was purified by flash chromatography on silica gel
(petroleum ether/EtOAc = 40:1 to 20:1 as the eluent) to afford the desired product
3g as a white solid.

Bed

N Ph
94
Ph

Ph

3, 3-dimethyl-1-(5, 6, 7, 8-tetraphenylnaphthalen-1-yl)indolin-2-one (3g).° yield: 59%,
white solid. *H NMR (CDCls, 300 MHz): 7.79 (d, J = 8.3 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.36-
7.20 (m, 6H), 7.11-7.06 (m, 2H), 6.96-6.59 (m, 15H), 6.49 (d, /= 7.7 Hz, 1H), 6.36 (t, / = 7.4 Hz,
1H), 1.26 (s, 3H), 0.88 (s, 3H); 3C NMR (CDCls;, 75 MHz): 6 181.0, 144.3, 142.2, 140.5, 140.3,
140.0,139.8,139.3,135.9,135.7,134.5,133.1, 131.5,131.3,131.1, 130.4, 130.2, 129.3, 129.0,
127.8,127.7,126.9,126.7,126.6,126.4,126.2,126.1,125.9, 125.5,125.1,122.4,121.7,110.7,
44.0,27.4, 23.2.
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(g) Bromination °

Br-
o NBS o
N MeCN, rt,3 h N
\ \
2g Ph 3nh Ph

To a Schlenktube were added 3,3-dimethyl-1-phenylindolin-2-one (1 mmol,
237.3mg), N-Bromosuccinimide (NBS) (1.1 equiv, 195.8 mg) and CH3CN (10 mL). The
reaction mixture was stirred at room temperature for 3 h. Concentration of the
reaction mixture in vacuo followed by silica gel chromatography eluting with
EtOAc/PE (1:20) afforded the N-phenyl oxindole 3h as a white solid.

Br.

N
\
Ph
5-bromo-3, 3-dimethyl-1-phenylindolin-2-one (3h).° yield: 99%, white solid. *H NMR
(CDCls, 300 MHz): 6 7.52 (t, J = 7.4 Hz, 2H), 7.43-7.38 (m, 4H), 7.30 (dd, J = 8.3, 1.9 Hz, 1H),
6.73 (d, J = 8.3 Hz, 1H), 1.48 (s, 6H); 3C NMR (CDCls, 75 MHz): § 180.1, 141.7, 137.8, 134.4,
130.6, 129.8, 128.3, 126.5, 126.1, 115.7, 111.0, 44.6, 24.8.

(h) Dichlorination *

(o]
o NCS .
N t-BuOH, 50 °C N\
2a \ 38 h i

3i

Oxindole 2a (1.0 mmol, 175 mg) was dissolved in 80% t-BuOH ( 2.0 mL), and NCS (1.6
equiv., 214 mg) was added to this solution. The mixture was stirred for 38 h at 50 °C.
Then allowed to cool to room temperature, diluted with water and extracted with
ether, dried with MgSQy, filtered and concentrated. The residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 40:1 to 20:1 as the eluent) to
afford the desired product 3i as a white solid.

Cl

N
Cl \
5, 7-dichloro-1, 3, 3-trimethylindolin-2-one (3i).1* yield: 59%, white solid. *H NMR (CDCls,
300 MHz): 6 7.20 (d, J = 1.8 Hz, 1H), 7.06 (d, J = 1.8 Hz, 1H), 3.56 (s, 3H), 1.36 (s, 6H); 3*C NMR
(CDCls, 75 MHz): 6 181.1, 139.9, 137.5, 129.5, 128.1, 121.7, 115.9, 44.4, 29.6, 24.6.
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(i) Nitration 1°

O,N
o__ HNOs
N HOAc, rt, 44 h N
2a \ 3\
Nitric acid (65%; 329 uL, 1.1 equiv) was added dropwise to oxindole 2a (526 mg, 3.0
mmol) in acetic acid (5.1 mL) at room temperature. After 44 h, diluted with water
and extracted with EtOAc, dried with MgSQ, filtered and concentrated. The residue
was purified by flash chromatography on silica gel (petroleum ether/EtOAc = 20:1 to
4:1 as the eluent) to afford the desired product 3j as a yellow solid.

O,N

N

\
1, 3, 3-trimethyl-5-nitroindolin-2-one (3j).1° yield: 80%, yellow solid. *H NMR (CDCls, 300
MHz): 6 8.26 (dd, J = 8.6, 1.8 Hz, 1H), 8.10 (d, J = 1.8 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 3.30 (s,
3H), 1.44 (s, 6H); *C NMR (CDCls, 75 MHz): § 181.4, 148.5, 143.6, 136.6, 125.3, 118.4, 107.7,
44.3,26.7,24.2.

(j) Synthesis of analogue of anti-anxiety treatment drug Ziprasidone ©

S - W
N Cl rt to reflux TFA rt

\ 91% 88%
2a
S—N
|
3-(1-piperazinyl)-1,2-benzisothiazole O
> N
4-methyl-2-pentanone, Na,CO3, Nal o
reflux, 47 h N
65% 4w
Step |

To a 50 mL round bottom flask was added anhydrous AICl3 (6.2 equiv., 4.13 g), CS»
(20 mL) and chloroacetyl chloride (1.3 equiv., 517 uL). To the stirring mixture was
added oxindole 2a (5 mmol, 1.0 equiv., 876 mg) portionwise over 15 min. The
reaction mixture was stirred further 10 min, then refluxed for 5.5 h. The reaction
mixture was allowed to cool, added to ice, stirred thoroughly, the beige precipitate
was filtered, washed with water and dried to afford the product 4a as a beige solid.

Cl
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5-(2-chloroacetyl)-1, 3, 3-trimethylindolin-2-one (4a).1° yield: 91%, beige solid. *H NMR
(CDCls, 300 MHz): § 7.94 (dd, J = 8.2, 1.5 Hz, 1H), 7.86 (s, 1H), 6.94 (d, J = 8.2 Hz, 1H), 4.69 (s,
2H), 3.27 (s, 3H), 1.41 (s, 6H); 3C NMR (CDCls, 75 MHz): § 190.1, 181.6, 148.0, 136.5, 130.2,
129.0, 122.7, 107.8, 45.6, 44.1, 26.6, 24.3.

Step Il

Oxindole 4a (1.0 equiv., 3 mmol, 755 mg) was added to a Schlenktube followed by
addition of TFA (2.5 mL) under N;. To this solution was added Et3SiH (2.3 equiv., 1.1
mL) while cooling to prevent exotherm. The reaction was stirred for 19 h at rt. After
reaction, it was diluted with water and extracted with EtOAc, dried with MgSQa,
filtered and concentrated. The residue was purified by flash chromatography on
silica gel (petroleum ether/EtOAc = 20:1 to 3:1 as the eluent) to afford the desired
product 4b as a white solid.

Cl

N
\

5-(2-chloroethyl)-1, 3, 3-trimethylindolin-2-one (4b).1® yield: 88%, white solid. *H NMR
(CDCls, 300 MHz): 6 7.12 (d, J = 7.9 Hz, 1H), 7.07 (s, 1H), 6.80 (d, J = 7.9 Hz, 1H), 3.70 (t, /= 7.4
Hz, 2H), 3.21 (s, 3H), 3.06 (t, J = 7.4 Hz, 2H), 1.37 (s, 6H); 13C NMR (CDCls, 75 MHz): & 181.5,
141.7,136.3, 132.5, 128.1,123.0, 108.1, 45.4, 44.4, 39.0, 26.4, 24.5.

Step Il

To a 100 ml round-bottom flask equipped with nitrogen inlet and condenser were
added oxindole 4b (1.0 equiv., 2.57 mmol, 610 mg), N-(3-benzisothiazolyl)-piperazine
(1.5 equiv., 845 mg), sodium carbonate (2.0 equiv., 544 mg), sodium iodide (6 mg),
and methylisobutyl ketone (30 mL). The reaction was refluxed 47 hours, cooled,
filtered, and evaporated. The residue was chromatographed on silica gel (petroleum
ether/EtOAc = 3:1 to 1:1 as the eluent) to afford the desired product 4c as a beige
solid.

N
\

5-(2-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)ethyl)-1, 3, 3-trimethylindolin-2-one
(4c).8 yield: 65%, beige solid. *H NMR (CDCls, 300 MHz): 6 7.89 (d, J = 8.1 Hz, 1H), 7.77 (d, J =
8.1Hz, 1H), 7.42 (t,J=7.2 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.10 (d, / = 8.0 Hz, 1H), 7.07 (s, 1H),
6.75 (d, J = 7.8 Hz, 1H), 3.58 (t, / = 4.4 Hz, 4H), 3.17 (s, 3H), 2.86-2.81 (m, 2H), 2.74 (t, /= 4.5
Hz, 4H), 2.69-2.64 (m, 2H), 1.35 (s, 6H); 3C NMR (CDCls;, 75 MHz): 6 181.3, 163.9, 152.7, 140.9,
136.0,134.5,128.0, 127.7,127.5,123.9, 122.8, 120.6, 107.9, 60.8, 53.0, 50.1, 44.2, 33.3, 26.2,
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24.4. IR (ATR): 2980, 2968, 1703, 1619, 1491, 1382, 1350, 1255, 1128, 1003, 821, 773, 731.
HRMS (ESI): found: 421.2065, calcd. for C2sH31N4OS [M+H]*: 421.2057.

(k) Synthesis of potent oral inotropes !’

o)
HN
AICl;, DMF  HOOC NH,NH,
o + o____ - oOo————»
N o” O 80°C,5h N EtOH, reflux, 4.5 h
3a 7% 5 H 87%

Step |

Dimethylformamide (1.1 mL, 2.8 equiv.) was added in a dropwise fashion to
anhydrous AICl; (6.67 g, 10.0 equiv.), and the exothermic reaction mixture was then
allowed to cool to room temperature. An intimate mixture of succinic anhydride
(500 mg, 5 mmol, 1.0 equiv.) and oxindole 3a (806 mg, 1.0 equiv.) was slowly added
to the AICI3/DMF melt. The reaction mixture was then stirred 5 h at 80 °C. The
reaction mixture was slowly poured onto ice, and the product 5a was isolated by
filtration as a beige solid.

o}

HOOC
(0}

N
H

4-(3, 3-dimethyl-2-oxoindolin-5-yl)-4-oxobutanoic acid (5a).’ yield: 77%, beige solid. *H
NMR (ds-DMSO, 300 MHz): & 12.14 (s, 1H), 10.76 (s, 1H), 7.97 (s, 1H), 7.93 (d, J = 8.2 Hz, 1H),
6.99 (d, J = 8.1 Hz, 1H), 3.24 (t, J = 5.9 Hz, 2H), 2.60 (t, J = 6.1 Hz, 2H), 1.33 (s, 6H); 3C NMR
(CDCls, 75 MHz): 6 197.9, 183.5, 174.9, 146.6, 137.2, 131.5, 130.0, 123.4, 110.0, 44.6, 33.7, 28.9,
24.8.

Step Il

A mixture of 5a (784 mg, 3.0 mmol) and 50% hydrazine hydrate (661 mg, 2.2 equiv.)
in 10 mL of absolute ethanol was refluxed for 4.5 h and then cooled slowly to room
temperature. The precipitate was filtered and dried to afford 630 mg of product 5b
as a light-tan solid.

3, 3-dimethyl-5-(4-oxo-1, 4, 5, 6-tetrahydropyridazin-3-yl)indolin-2-one (5b). yield:
87%, light-tan solid. *H NMR (de-DMSO, 300 MHz): § 10.84 (s, 1H), 10.53 (s, 1H), 7.74 (s, 1H),
7.60 (d, /= 8.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 2.96 (t, J = 8.0 Hz, 2H), 2.46 (t, J = 8.1 Hz, 2H),

1.30 (s, 6H); *C NMR (CDCls, 75 MHz): 6 183.2, 168.0, 150.6, 143.1, 137.3, 130.6, 126.7, 121.0,
23



110.1, 44.7, 27.0, 24.9, 22.9. IR (ATR): 3198, 1709, 1652, 1617, 1499, 1355, 1209, 970, 808,
698. HRMS (ESI): found: 258.1238, calcd. for C14H16N30, [M+H]*: 258.1237.
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Mechanism study

Scheme 1 Control experiment

Br
Cs,CO3 (0.8 equiv)
> + (0]
N Xp 1, 4-dioxane (0.3 M) lil 0 N\

| 100 °C, Ny, 30 h

1a 1a', 23% 2a, 0%

Procedures:

a-bromoamide 1a (0.3 mmol, 76.8 mg, 1.0 equiv.) and Cs2CO3 (0.24 mmol, 78.2 mg,
0.8 equiv.) were weighed into a Schlenk tube. The reaction vessel was capped and
subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-dioxane (1.0 mL)
was added through the side-arm by syringe. The reaction was stirred under argon at
100 °C for 30 h. After reaction, the residue was purified by flash chromatography on
silica gel (petroleum ether/EtOAc = 50:1 to 15:1 as the eluent) to afford 1a’ as a white
solid.

o

N-methyl-N-phenylmethacrylamide (1a’).!® yield: 23%, white solid. *H NMR (CDCls, 300
MHz): § 7.33 (t, J = 7.1 Hz, 2H), 7.22 (d, J = 7.4 Hz, 1H), 7.12 (d, J = 7.2 Hz, 1H), 5.02 (s, 1H),
4.97 (s, 1H), 3.33 (s, 3H), 1.75 (s, 3H); 3C NMR (CDCls, 75 MHz): & 171.7, 144.4, 140.5, 129.1,
126.7,126.3,119.1, 37.4, 20.1.

Scheme 2 Heck-type cyclization reaction

@f standard conditions
> (0]
Nigo) N
\

1a' 2a, 0%

Procedures:

a-bromoamide 1a’ (0.30 mmol, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and Cs,COs3
(0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The reaction vessel
was capped and subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-
dioxane (1.0 mL) was added through the side-arm by syringe. The reaction was stirred
under N; at 100 °C for 30 h. After reaction, the mixture was detected by GC-MS and
showed no desired product produced.
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Scheme 3 Radical trapping experiments

clo;

\L/ (10 mol%)
Cs,CO5 (0.8 equiv)

1, 4-dioxane (0.3 M)
100 °C, Ny, 30 h

Radical scavenger:

TEMPO (1.0 equiv) <5% vyield
0, trace

Procedures:

(a) TEMPO

a-bromoamide 1a (0.3 mmol, 76.8 mg, 1.0 equiv.), NHC A (12.4 mg, 10 mol%), TEMPO
(66.1 mg, 1.0 equiv.) and Cs,C0O3 (0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a
Schlenk tube. The reaction vessel was capped and subjected to three vacuum-
purge/nitrogen-flush cycles. Then 1, 4-dioxane (1.0 mL) was added through the side-
arm by syringe. The reaction was stirred under argon at 100 °C for 30 h. Only little
product 2a (<5%) was detected by GC-MS.

(b) Under O3

a-bromoamide 1a (0.3 mmol, 76.8 mg, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and
Cs2C0O3 (0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The
reaction vessel was capped and subjected to O; (via Oz balloon). Then 1, 4-dioxane
(1.0 mL) was added through the side-arm by syringe. The reaction was stirred under
argon at 100 °C for 30 h. Only trace product 2a was detected by GC-MS.

(c) N-allyl substrate for radical cyclization

Q 0o
Br
@I standard conditions ©/N N
> + Br
N O ©/
1an K” 2an, 32% 2a0, 33%

Procedures:

a-bromoamide 1an (0.30 mmol, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and Cs,CO3
(0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The reaction vessel
was capped and subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-
dioxane (1.0 mL) was added through the side-arm by syringe. The reaction was stirred
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under N2 at 100 °C for 30 h. After reaction, the residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 50:1 to 30:1 as the eluent) to
afford the products 2an and 2ao.

Q

Sf

N-methyl-N-phenylmethacrylamide (2an).!° yield: 32%, white solid. *H NMR (CDCls, 300
MHz): 6 7.65 (d, J = 7.9 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2H), 7.12 (t, J = 7.4 Hz, 1H), 3.78 (dd, J = 9.4,
7.7 Hz, 1H), 3.38 (t, J = 9.3 Hz, 1H), 2.27-2.14 (m, 1H), 1.22 (s, 3H), 1.08 (d, J = 6.9 Hz, 3H), 1.03

(s, 3H). 3C NMR (CDCls, 75 MHz): 6 179.4, 139.9, 128.9, 124.3, 119.7, 52.4, 44.8, 37.8, 23.8,
18.5, 12.5.

0)

N
©/ Br

N-methyl-N-phenylmethacrylamide (2ao). yield: 33%, white solid. *H NMR (CDCls, 300
MHz): 6 7.65 (d, /= 7.9 Hz, 2H), 7.38 (t, /= 7.6 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 4.00 (dd, J = 9.9,
7.6 Hz, 1H), 3.62-3.53 (m, 2H), 3.40 (t, /= 10.3 Hz, 1H), 2.64-2.54 (m, 1H), 1.32 (s, 3H), 1.10 (s,
3H). 3C NMR (CDCls, 75 MHz): § 177.8, 139.4, 129.0, 124.8, 119.9, 50.7, 45.6, 45.4, 31.3, 24.5,
18.7. IR (ATR): 2967, 1691, 1595, 1499, 1394, 1298, 1101, 896, 798, 757. HRMS (ESI): found:
282.0489, calcd. for C13H17;BrNO [M+H]*: 282.0488.

Scheme 4 Radical rearrangement experiments

Br 0
@I standard conditions ©/ s
- +
N
Nigio) H

1ao0 'I's 2ap, 15% 2aq, 69%

Zm=T

Procedures:

a-bromoamide 1ao (0.30 mmol, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and Cs,CO3
(0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The reaction vessel
was capped and subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-
dioxane (1.0 mL) was added through the side-arm by syringe. The reaction was stirred
under Ny at 100 °C for 30 h. After reaction, the residue was purified by flash
chromatography on silica gel (petroleum ether/EtOAc = 40:1 to 10:1 as the eluent) to
afford the products 2ap and 2aq.
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Proposed mechanism:

NHC + C32C03

Br e lo)
ot b 1,0
—_—
l}l 0] SET N

OVP

e
1a0 Ts 0“0
C52C03
hydrolysis -S0,
H
N 0
o e
N
[ )
2aq
HA
i
N
H
2ap

1
N
2-methyl-N-phenyl-2-(p-tolyl)propanamide (2ap).?° yield: 15%, white solid. *H NMR
(CDCls3, 300 MHz): 6 7.37-7.32 (m, 4H), 7.27 (d, J = 6.6 Hz, 2H), 7.21 (d, / = 8.4 Hz, 2H), 7.05 (t,
J=7.2 Hz, 1H), 6.82 (s, 1H), 2.37 (s, 3H), 1.65 (s, 6H); 3C NMR (CDCls, 75 MHz):  176.0, 141.7,
138.2,137.2,129.8, 129.0, 126.6, 124.2, 119.7,47.9, 27.2, 21.1.

4-methyl-N-phenylbenzenesulfonamide (2aq).?! yield: 69%, white solid. *H NMR (CDCls,
300 MHz): 6 7.69 (d, J = 7.3 Hz, 2H), 7.37 (s, 1H), 7.25-7.19 (m, 4H), 7.10-7.05 (m, 3H), 2.35 (s,
3H); 3C NMR (CDCls, 75 MHz): 6 144.0, 136.7, 136.1, 129.7, 129.4, 127.4, 125.3, 121.5, 21.6.
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Scheme 5 Influences of the amount of base

Q;

. Clo;
Br S\/ 4
(10 mol%)
- > 0
N o) Cs,CO; (x equiv) N
| 1, 4-dioxane (0.3 M) \
1a
100 °C, N, 30 h 2a
Influence of Cs,CO,

100%

90%

80%
i)

2L 70%
>
©

2 60%
©

350%

40%

30%

20%

10%

0%

0 0.5 1 1.5 2 2.5

Amount of Cs,CO; (equiv.)

Procedure: Following the General Procedure for NHC-Catalyzed Oxindole Synthesis.

Scheme 6 Competitive experiments

JCh O ehq

1a, 0.15 mmol 1q, 0.15 mmol

NC\©\ Br
N (o]

1a, 0.15 mmol 1ad, 0.15 mmol

29

Me/H
NHC 0
Cs,CO3, dioxane o N
\ ()
100 °C, 18 h, N,
H:Me =1:1.08
NHC NC/H
- (o]
Cs,CO;, dioxane N (b)
100 °C, 18 h, N, \
H:CN = 1:1.65



Procedures:

(a) a-bromoamides 1a/1q (0.15 mmol, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and
Cs2C0O3 (0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The
reaction vessel was capped and subjected to three vacuum-purge/nitrogen-flush
cycles. Then 1, 4-dioxane (1.0 mL) was added through the side-arm by syringe. The
reaction was stirred under N, at 100 °C for 18 h. After reaction, the residue was
purified by flash chromatography on silica gel (petroleum ether/EtOAc = 50:1 to 30:1
as the eluent) to afford the products mixture as an oil, then CH2Br; (0.15 mmol) was
added and the mixture was subjected to 'H NMR, the ratios of the products were
determined by * H NMR.

CMW-TI-30-1 9T EeS
mmmmmmm
NNNNNN

6
je
é‘
—4.9211

CH;Br;

m . " lk__

sl )
Re 8

oo

o 95 S0 85 s0 73 70 65 60 Ss st 45 40 35 3 25 20 15 10 05 00
(b) a-bromoamides 1a/1ad (0.15 mmol, 1.0 equiv.), NHC A (12.4 mg, 10 mol%) and
Cs2C0O3 (0.24 mmol, 78.2 mg, 0.8 equiv.) were weighed into a Schlenk tube. The
reaction vessel was capped and subjected to three vacuum-purge/nitrogen-flush
cycles. Then 1, 4-dioxane (1.0 mL) was added through the side-arm by syringe. The
reaction was stirred under N, at 100 °C for 18 h. After reaction, the residue was
purified by flash chromatography on silica gel (petroleum ether/EtOAc = 50:1 to 30:1
as the eluent) to afford the product 3a (15.9 mg, 60% yield), 3q (28.0 mg, 99% yield).
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Scheme 7 Reaction under light or in the dark

©\ I Cs,CO3 (0.8 equiv) @63:
L O
1, 4-dioxane (0.3 M) N
rt, Ny, 30 h \ (@)
under UV or visible light

©\ I Cs,CO05 (0.8 equiv) @6/@
. O
1, 4-dioxane (0.3 M) N (b)
I't N2 30 h \
in the dark

Procedures:

(a) a-bromoamides 1a (0.3 mmol, 1.0 equiv.) and Cs,COs (0.24 mmol, 78.2 mg, 0.8
equiv.) were weighed into a Schlenk tube. The reaction vessel was capped and
subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-dioxane (1.0 mL)
was added through the side-arm by syringe. The reaction was stirred under UV or
visible light at rt for 30 h. After reaction, only starting material 1a was detected.

(b) a-bromoamides 1a (0.3 mmol, 1.0 equiv.) and Cs,COz (0.24 mmol, 78.2 mg, 0.8
equiv.) were weighed into a Schlenk tube. The reaction vessel was capped and
subjected to three vacuum-purge/nitrogen-flush cycles. Then 1, 4-dioxane (1.0 mL)
was added through the side-arm by syringe. The reaction was stirred in the dark at rt
for 30 h. After reaction, only starting material 1a was detected.
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NMR Spectra Images of Products

PBIE T—

1017 £—

8840°L
1067°£
1z L
692 ¢
8IST' &
55T
VLT L

T0€8' 9
65589
moma.k/
mnmu&k

CMW-T-41

2a

o009

Fooe

oot
201
Zro07
E07

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

BOLEbT~— =

Len9e—

TShTbb—

0810°801T—

06EC ZZT
6B TZT

0599 21—

€818 SET—

SEEY TpT—

S9EE T8T—

2a

CMW-I-41 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

33



obz'T
ep9c'|
682 147
IS9E'T

LZELE
99SLE
90847 €
908 E-

£958
1288
8hZ0'L
.;va.nw

She0' L
8002
PSET £
81T &
WIT £
e s

CMW-I-119-10

Et

2b

FO0E'E
09

S0z

Bop
o001
e

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

ETERTT—

ETLp'pT—

AP PE—

4961 'th—

2062 801 —

L0pE' 221
86b S 221

8069 £Z1—

6612 91—

0808 Thf—

89407181 —

CMW-I-119-10 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

34



SIPE T~
599b T~
0064 1=

WS
8409
arey
W59
1849
oL
Gbze

1900'&
£0E0'L
9ES0'L

96T~

6812 &
YT &
b9z &

CMW-I-149

oot

Es61

Fooz

95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

812561 —

£865'bE—

b bS ED:
Tob Eb

SIS6°601T—

SSL6 11—
v—ma,mﬁ\
0bTp LZT—~—~

061§ 91—

£68T ThT—

Tép1 181 =—

CMW-I-149 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

35



Ebig
9E06’
TETH' 0
4826

S520°T
80T
9990°T
mcaa;.\v

PSEET

9219 T
€529 T
T19€9'Z
08b9'Z:
10992
80£9'C
SEBY'Z-

CMW-I-190

oot

ray
o0
260

A 60"

0.0

0.5

95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15
f1 (ppm)

10.0

80p1'9—

0E£1 TT—
1685'pZ—

SSPT P —

aT£p' 601 —

(L Zardal
£69%' 22T
SS9 L21—

9255 GET——

SETT' EpT—

1497 Z81—

CMW-I-190 13C

4

2d

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

36



EEBD’
T£0T b
LIET b
E6bT
681"
981z
EIET b

WeH' 9
9610°£
T9b0'&

PLLO ==

€581 ¢—=
001 &
99ET NM
9T &

CMW-I-122-5

P

F

811

95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

ILEIBI_

IS ST -

hngdm\.

acaz sz

1868’ Ep—

9526' 15—

BEST'OTT—

S48 1=
E45S Nm_.\
EbE LT~

T9Ek’ 9ET—

bLBY Th1—

2
[

o)
NC

CMW-I-122-5 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

37



e
06b 6’
vezeo/”
a9z
[3:T4 —V
gETET
Ey
TPIE'T
BIBE'T
6w T
seEv'1
ci
9LETT
1299°1-
12891
oorLT

0489°€:
(874 mv.u

ESEL m.\.

089
BLLE

se1 qw/
=~¢0.NW
8990°2

Sh6T i~

EATE
80T &
1992 £

CMW-I-125-1

2t Bu

Fore

=869

Faz

Fooz

560
8650
ﬂ\_a.m
I

0.5 0.0

1.0

95 9.0 85 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 25 2.0
f1 (ppm)

10.0

TE98'ET—

9641'08—

B1bS'PT—

5565'60—

21b9'BE—

ZIST o=

8614801 =

weren
[ Fd

9LEY LTT—

SSZ1'9ET——

EPET THT—

2 Bu

BIBE 18—

CMW-I-125-1 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

38



£160' T—

CMW-I-147

Ph
2g

W

009

g0
H\mq_

90T
%Wm_.—
Twe
oz

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 30 25 2.0 15 10 05 0.0
f1 (ppm)

10.0

1568'bZ—

T EP Ph—

EE6Y' 601—

aresean
£0£0° €21
£899° 921
.;S.nm_./.
£6£6°£LT
cosgroz1/
DEOBPET~_
pBLL SET—"

0EEY THT—

bbb 8 081 —

CMW-I-147 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

39



=
- L2
S
L
=]
=)
M - 0869 bT—
SED T— Fog | n
M )
o ’
- o [N
1062 b~"
L
~
L
-
L2
o
S
<
L2
<+
% E
16— s o8
A=
=
n €281 6071 —
M w
L o vy el
© 1192t
0952 21
N@S.EW e
| n 49T
o © 1998821
2049 £ "
smee - = Teor s
266 9 L =
8510°L LA 'S
0 = 6194 THT—
SOp0'Z — a1
oboT Feeo
T @
SSST' £ o~
20¢
99
602 3
05E2' F <
IST £
8852
EELTL "
LT L o £ Mo g
2862 o o o
Teze B |
3 = L = z
= £
& 0895181 — ~
&
L3 )
o @ o
8 8
b b
£ E £
- oS
= - =
o] o]

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
40

200




8795°0:
vnmm.cw
2190

90SE'T—

SHELT
98SLT
LBLLT
EpOBT
0628'T
EL8T
6568°T
HZ6'T
BIF6T
B596°T
£686°T

ETE—

84789
958°9:
T6£07%:
BENL:
98B0,

OFSTE~

SLLE
BBEZYL.
€497

968TL

CMW-1I-17-3

Wo—‘m

e

Feor
Fset

2i

Tv_‘m

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

8916°8—

b 8E ET—
29€T 92—

BEPSTE—

LET0 b=

1906 £01—

£16b° 221
9E8S"ZTT
4869 {ZT—

90Z0°bET—

5855 EbT—

2i

£bES 08T —

CMW-TI-17-3 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

41



29612
1oz e
ELETT
09T
BEST T
8892'¢:
087 ¢
@€HT T
TH0E' T
ET:
TSE'T
BbIE T
LT
o' Z
PST 92
W9z

889 T
6b99'C:
18£9'¢:
EBOL T

8181 €—

£898 9~
oL 9
V6904
HHTAS
BT L
SOET &
5T
2952 £
06£Z' &

bEGY L
SL16°L

CMW-TI-17-1

i

1.5

=

2

J

Leoe
Fere

Fere

F-o01

ot

0.0

0.5

95 9.0 85 8.0 7.5 7.0 6.5 60 55 50 45 40 35 30 25 2.0
f1 (ppm)

10.0

8148'91—

652292

TE9€°1E—

Yz sb—

Z60£ 01—

9rE e
BBE9 ZTY
LTLB LT —

959b' PET—

110 Epl—

2j

S£6T08T—

CMW-TI-17-1 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

42



L =2
S
B
=
553
-
L2081
84281 g%
6981 | i ﬂMmem -
0061 = i
SERG'T
84961 T
12661 Fev | o
1820° 2% = ¥ m o bLTp BE—
1950°z [eew
VLo e
£01'T n
90212 M~
68p T2
96912 6110'b5—
i
N 5
9E0Z £— e
L 2
I
L2
<
L2
-
L. o
8
=
| n VS8L £0T—
[
=
o
SO 221
1409221
| ShEb aT—
60089 I
5928 e/
01T
.mmﬁ../ mfa; = 856 95T —
P09 £E FET PR
SE8T i~ - e £166° b1 —
18024 2
vopz £ %
POz L F~
L2
@
L 0
o 2 o
z L = z
=S o
3 ZE0 Z8I— 5
1 ~§
S}
L &
o ]
b b
~ ~
A A
= L2 =
H S H
= =
s} s}

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
43

200




LGP E T—

6485 T—

5005 E—

BETE"
6BEL' 9
2296
56
1566°
SLE0°L
£0S0'&

CMW-I-122-8

e

o

2

SS9

Faez

Fooe

wl 9%'C

0.0

0.5

95 9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 50 45 40 35 3.0 25 2.0 15
f1 (ppm)

10.0

£bSTHI—

Yob8 bz

TEPY 67—

6265 Eb—

STEEBTT~,
SOEE 021~
s za~"

25V T1ET—

B6EY" 9ET =
B9V ObT—

21

b 8 —

CMW-I-122-8 13C

1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

44



019€" J—

9485 E—

TEG
2096
5586' 9
0690' &~
=m€u.u.\.
LE9T

9061 &

CMW-I-119-9

N W

|

=119

Fooe

860
=101
160

0.0

1.0 0.5

15

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

BLSLPE—

6859 67—

1880'vb—

0995 STT =

POI 6" 02T —
1200 £21—

L0 0ET—

£859'8€1
BL1L 8ET

65€9' 181 — - o

CMW-I-119-9 13C

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

45



BETH I—

wELT—

BOED &
£950°£
9LLD'L
8b60°

0061 &
68614
60T &
BT

9SPE L
209€°&
BILE L
8S8E°/-
€0V £

CMW-I-183-2

y

1o

Fooe

Rz
o0t

M\. S6'v

3.0 25 20 1.5 1.0 0.5 0.0

35

9.5 9.0 85 80 75 7.0 65 6.0 5.5 50 45 4.0
f1 (ppm)

10.0

5£68'bT— -

£8HZ'0E—

5495 Eb—

Pl rat
1998121
BERS'SZT
macx.h_/

0188'4Z1

86E0°DET~F
8164 0ET
PERG 9ET~_
861" 6E1
£819°6ET

-
684" Z81— z

CMW-I-183-2 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

46



B0SE T~
E0SY' T—

TBE' T
900%° 2

£00Z £—

w8y
9804 9
9918 w/
mNVm,W
£098°

0088' 9"
LEL0 L~

5860°-
09ET'&
BI9T'&
8481

CMW-I-119-4

and

N
\

20'

20

=€
F66'S

851
S6'C

Foow

Fst
Hs50
950
001

95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 15  fo 0.5 0.0
f1 (ppm)

10.0

LEBU'BIS

68281L
S6EP ZT
BLIS I~
29229z
BZSE'9Z

PST0Pb~
8120 Sb~"

£6b8° S01—
E1S0°601—

EPD TTI~.
5096 221"
0560 521"
azs <"
15E£9°Z€T
£666' ZET
££60 VET
£63£ 461"
88 26T
2296 21

82bb 181
89 181

CMW-I-119-4 13C

20'

O and

N

20

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

47



£TLST—

£0TE—

92LL'Y:
19449
S96L°9
00089

PS60L

9ITL—¢
19T
OvSTE
08STL

TIBTL

CMW-I-119-7 Again

Br

2p

J

e

)

I-88'5

Tooe

60

Fset

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

126k 12—

9005'92—

485" —

BLLT L0T—

0858'81T—

5698921~
DECT 6T1 "
969E" EET~

818 P —

88 081 —

Br
2p

CMW-I-119-7 Again 13G;

.
1

s s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

48



LGP E 1=

WVE T—

b8BT E—

WILIN,
S0bL 9
s

PSED £
@N.qu.\.

CMW-I-119-1

JL JL_A__JL._._

2q

0.5 0.0

1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

10.0

60z 1E—
£08Y Vi~
1862'90—

86T Vh—

2618 401—

€5ET mﬂ.\

ser6 a1
6290 261~
45651\

T60E oz./

£62Y°181—

CMW-I-119-1 13C

10

20

30

40

50

60

70

100 90 80

f1 (ppm)

49

110

120

2q
190 180 170 160 150 140 130

200




TLSE T—

9881" £—

6008’ £~

ey
005¢
SE9L
604
0664
$0z8' 9
99z8"

LR[S

CMW-I-119-2

MeO

2r

A

=09

ez

I-o0€

o
w0

1.0 0.5 0.0

1.5

95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

165 bE~—
29—

625 b=

0996 55—

8BPE B80T~
SZIT 01—
L20LTIT-"

BITE 9ET~L
Z50p LET="

BL1Z 95T—

W8T 18—

CMW-I-119-2 13C

2r

MeO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

50



b9E T—

1€8p' £—

9007 £—

VELL 9N,
T008°9"

bEOT &
E61T &

onvm.m.\.

CMW-I-189

MeS

2s

860

Froz

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

10,0

609081 —

1860 bE~—
£09E°92—

Sb8E W —

1265 801—

wseceat
8b10°8Z1~
02K TERN

P01 8 9ET—

BICT ThT—

$990° 181 —

CMW-I-189 13C

MeS

2s

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

51



o
- 2
S
L 0
=
L2
u -
BEPT T~ i E1T0'bE
04921~ — U‘MM.M POYS'bE
6896 1< E i T
el
£150°bE—
9 L =
o~
LeTh p—
n
69E8°Z &
9658 7
9288’ Tort
9506'Z: 1 L 2
9826 o s
B6b 6 Fooe
mv.:_,n\ R
SS61°E: |
o
L2
«
L8
-
E
Lioa
B
=
I8 L0T—
A
I
L Z1z9 0z —
I
SOEE 521 —
L8
I
EPSL N ¢ o -
£08£9" = Fwo MNMH"

’ = ~
MM%MV - P Z0ESEPT~_
coerel Tog0r

n
M=
L 2
@
f [o}
- |
z S _—
5 &
L = SIS 181 —
o
S}
a
i - o o
he <
{5 ~
= =
: e £
S - S

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
52

200




OZEE T~
9GLE T~

007 g=—

GE9L Oy
606297
e L
BEVT £
PILT L
SLLT L
vE6Z £
SHOE L

CMW-I-174-2

2u

06

B6'S

Fooe

Fo60

601
Mo@.a

95 2.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 40 35 3.0 25 2.0 15 10 05 0.0
f1 (ppm)

10.0

8165 bi~
2662'92—

2594 TE— =
£869'PE—

9215 bh—

b88Y’ £01—

ZELY BIT—

SLOE b1 —

1859'SE1—
T18€ ObT—

058 §bT—

2u

2559 181 —

CMW-I-174-2 13C

M

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

53



999€' T—

EPTE T—

8L E—

8EC9
SIEY
2289
8659 9
QaZeLy
T0EL
BEL
105£°9-

CMW-I-187

laal

L)
=

N

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)

9.5

10.0

L1~
E09Z'9¢—

6884 Th—
00 bb—

T96E 801~
BOST 60T~
P86 TIT~"

2518 EET—
296 9T —

0864 (bT—

PPED 18T —

CMW-I-187 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

54



LSTHT—

IETE—

0EB8'I~_
L6069
68T
vmﬁth
BLEEL—
BLEEL:
182FL
BLtbL
TSHL
90444
1260°L:
PLObL
£95-
6045L:

CMW-1-175

Ph

2w

Fo6s

Fooe

E9%0

Es01
—~90'F
007

2.0 1.5 1.0 0.5 0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

10.0

2805'bi~
899€°92—

L10p b=

PEDE B80T —

WIE 12—
9409921

600421
8048821
6650°9€T
2£9v 9€1
ELET ThI~
fiZagca

T9Ep" 181 —

CMW-I-175 13C

Ph

2w

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

55



T
16221
L0¥2T
291
09821
R9ET
SQZW
6LV T—
1~
LT~
8358
€508

ST
ST mv.NW
IS

o161 €=

66b4'9
[
#5907
8EB0L:
HOIT N:\.

CMW-I-188

)

2x

€6'S
166

Fwoe

Foor
Feoe

1.0 0.5 0.0

1.5

95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

LSS

EEET'9T

086297 -
WO LE

2166'PE— -

S1apbb
2125

5§508'£01 —

1ZE0° 121 —

BEEL GEI—

5906'SET-"
€649 0PI~
T6bE ZhT~

2x

0p95' 181 —

CMW-I-188 13C

190 180 170 160 150 140 130 120 110 100 _ 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

56



L89ET—

8L0TE—

SLELY
STISL9
89L°9
028LY:

29669
Tib6'9
07569
$£96°0:
1860
62669

CMW-I-119-3

I

=

Fs9

Fe

660
Iz

0.0

0.5

1.0

2.0

95 90 85 8.0 7.5 70 65 6.0 55 50 45 40 35 30 25
f1 (ppm)

10.0

08980271~

CMW-I-119-3 19F

-20 30 -40 S0 -60 -70 -80 -90  -100  -110 -120 -130 -140 -150 -160 -170 -180  -190  -200
f1 (ppm)

-10

57



PB8E YT ~—
L0SY'9Z——

694 b
2164 b

SL9%°80T:
5557807
LELYOTT
£86L°01T w
9689°ETT
8000°FTT

BLPSLET
9IS9LET
Oﬁg.mma.\:

21E67LST—
ESTTT9T—

SZ60'181—

CMW-I-119-3 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

SL9E T—

¥S0Z E—

14589~
skeL 9

PLLT' L
.E:.N/.

w9z
BELT &
BT £
€0ST'&

CMW-I-119-5

P

2z

cl

€19

FOo0e

Fo60

60
B

95 90 85 80 75 70 65 6.0 S5 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

58



1878 bE—
£56E°92—

E1ZS o=

BEED' 60T —

£966° 2T —
0EE'£TT
816421

S9ES LET—
589 ThI—

£0£8 081 —

CMW-I-119-5 13C

Ci

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

BIE T—

8561 E—

0408
WEL

i

680E" &
WIEL
£49E'L
EELE L
BPHE £-
004 &

Ly pas

CMW-I-148

J A

A

=59

E00E

0660

ol
=001

1.0 0.5 0.0

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

59



ObTHbe~—
9Ly 9T—

PESS Ph=—

0L65°60T—

680E°STT—

918°5LT—

S919°0ET—

SET0"8ET—
BEPR THT—

-

2ab

EF78°08T—

Br.

CMW-1-148 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fL (ppm)

200

PEOE T

1552 E=—

2916 E—

S5£8'9~y
82069

1068
££00 m/.
ENTO
SPED
98E0" 8-

CMW-I-186

2ac

MeO,C

EFveo

Froe

e

Foor

Foso
Fror

95 90 85 80 75 70 65 6.0 S5 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

10.0

60



60ZE bE~—
8ELp'9T—

6060'bb—

9980°25—

0Obb 9" £01—

8099 €21~
5005 bE1~"

485 0ET——

£L8L SET—

S806° 9T —

SPED'L91—

1459 181—

CMW-I-186 13C

MeO,C

SR

2ac

100 90 80 70 60 50 40 30 20 10
f1 (ppm)

110

190 180 170 160 150 140 130

200

9868 T—

9950 E—

99169~
LERE9

B\

£865L
179L
¥ST9L

CMW-I-131-2

NC

2ad

N

=\

809

Feez

Foot

660
F960

0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5
1 (ppm)

10.0

61



EbTTPI—
ESTS 97—

5£90'Hh—

629 50T —
155 801 —

ToPE 6IT—

1884 S21—

SSET EET—
BE6L 9ET—

E6P 9pT—

8096' 081 —

CMW-I-131-2 13C

NC

2ad

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S6EV'T—

HO0EE—

TEE6'9~
0296'9~"

S001°8
wma—.m”/.

6IPT8:

16478
@QNN.m“\‘
BLLTE

CMW-I-131-1A

2ae

O3N

e

%S

6T

Toot

Fsso
Fee0

4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

62



B0ET'HT—
6€2L97—

€062 br—

1069201 —

LEBTT—

YST'STT—

06559€T—

LSS EPT—

9EBY'BYT—

TSPET8T—

CMW-I-131-1A 13C

O;N

2ae

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

BE0Y T—

95T E—

016 9~
SLE6'97

LBEV I
SIS I~
9895 ¢~

CMW-I-119-8

2af

CF;y

T

= B

Feza

Fooe

Foor

Foor
Fwot

=
=
n
=
e
&
n
it
=
o~
n
~
=
o
n
o
2
<
in
-«
E
28 [20)
ng [¥e]
=)
n
I
=
8
n
=
S
~
n
~
2
@
n
S
=
a
n
a
=
=
2



TSET9-—

CMW-I-119-8 19F

CF;

2af

-20 -30 40 50 -60 70 -80 -90  -100  -110  -120 130  -140 -150 -160 -170  -180  -190  -200
f1 (ppm)

-10

PBIEYC—
6061'92—

TE8TH—

[t
BETY'6TT:
VLY 61T
H0ZS'6TT
STE9HZT
6190°SZT
£655°STT
6219'52T
8999°SZT
S61LSTT

LTI 9ET—

BH5L SPT—

EPTET8T—

CMW-I-119-8 13C

2af

CF3

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

64



€20y 1—

8489'—

0295 €=

E91 6~
646" £

CMW-I-183-3A

ON

2ag

AL

L

Fio

Fooe

Fone

660
007

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

100

6£92°61—

ST65'bT—

BE6Y HZ—

18b9"Eb—

89EZ 91—
EELT 00T —

e Ler—

1€ LET—

00Z0" EbT—
048b' 9T —

91 28—

CMW-I-183-3A 13C

O;N

2ag

190 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10
f1 (ppm)

200

65



0ZbE T—

bS6Z T

4595 €—

E526' 9=

WLV i~

CMW-I-183-4 1H

)

5

Fero

Fore

Lore

Foor
For

95 9.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

9€09° 02—

PS6LbE— -

L9LLBT—

E960'bp—

99£0° 201 —

069%" ZZT ==

042€ €61
£504 EET

1809 LET =~
EEbG'8ET~"

614181 — >

CMW-I-183-4 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

66



8921 1—

0522 £—

ey
9628

CMW-I-145-2 1H AGAIN

JU

Fezo

Ml BOE

Foot

Foor
660

0.5 0.0

1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

100

1552 bE—~—
06£E°92—

8560 b=

98E6" E0T—

8552 TET—

1928 21—

£Zhe BT
8pS0°0ST

ZIST 18—

CMW-I-145-2 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

67



PSLE T—

BELGT
666 A%.

PETD'Z-
NmmaﬁN
TES0°Z-

G892
8884

ason e/

2869'E:
(7474 MW
TLEL €

bIT 6
At ”W
$596'9-
866"
BELO &
98k 0° £

CMW-I-146-4

2aj

| T

A

I 08'S

Fooz

oot

Fooe

e
&
o6t

0.0

0.5

1.0

95 2.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0
f1 (ppm)

10.0

PLOE e~
5982'bZ
SETLPT

+888°86—

E919'Gb—

2E15 91—

LLLY PET—
£915 861 —

Z6LE 081 —

CMW-I-146-4 13C

2aj

190 180 170 160 150 140 130 120 110 _ 100 %0 80 70 60 50 40 30 20 10
f1 (ppm)

200

68



W9610

8886°

O
VM;,T\.

890
2901' ¢
SOET'2:
ST T

CMW-TI-65-A

Et CN

2ak

Ll

Fere

—_—
o
&
~

Fo0e

=860

oot

561

1.0 0.5 0.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 25 2.0
f1 (ppm)

10.0

BT6H'8—

or10¢T—
00 TE—

18ET'Lb—

B5PT60T—

TL0TETT—

L508°ELT~=
meom,vz.\.\
s

£966 06T

BSTEEFT—

1299°0LT—

CMW-TI-65-A 13C

Et CN

2ak

20 10

30

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50
f1 (ppm)

200

69



Wer I

BL6T'T
E1ZT Y

1827 €=

SSET

E61T
ZEPT'

TE0E"

iy L

2
L
°T
&
2
s
o

Ph co,Et

2al

T80

Fooe

00
FoT
mﬁé.m

e

0.0

0.5

1.0

95 90 85 8.0 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

BELOPT—

1848'97—

S6EP'T9~—
SUTH—

1BLLB0T—

BOZOETT:
91T wﬁ./.
ESLTLRT
£T66'LLT

BOTL6LT
LL609ET—

SSTSFhT—

0Z8Z'69T—
0898 ZLT—

CMW-II-67-B 13C

Ph co.Et

2al

60 50 40 30 20 10

70

110 100 90
f1 (ppm)

120

130

=
a

190 180 170 160

200

70



69T E—

0690
1180
SE60°
apor

ZEST P
597
(2744

B6E8 T
8€98"
mi\a.»
E1L0°L
£960'L

PR L

665Z &
0267 £
BLIE L
9 E L

CMW-TI-69

nBu coEt

2am

Foee

Hl ez

Fooe

Forz

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

O/68°ET
08901

E918 T~
168057
905597~

0BZTHE—

B969°65—
£9b6 19—

EBEE BOT—

99T6 T~y
9BGHECT="

_m?mﬁ
verear >

QETE W T—

0889°69T—

SPES L =

CMW-II-69 13C

n-Bu co,Et

L

i

1

NN

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

71



LWl T—

TEEEE—

E046'F~C
25105~

8B0TL
LTETL
TLETL

WL~
e

LHETL
H0EL
DOEEL

LESEL

CMW-II-55

J

N

QL

Fosz

Fooe

Feet

FI6T
9z
we

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

10.0

611'0—

15 LE—

GOET 61T =

SEOE' 921
8z 921
0650°621~"

951G 0bT—
Lt T —

PIOL Ta—

CMW-II-55 13C

1a'

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

72



88Z0°T

CELD qV
€960 1</
Teee T\.

SHEE:
€9LE MV

b0y m.\

POSL €
BSLLE
9ABLE:
T£08'°E:

$960'£-
G0ZT" £
SSPTL
9T £
Emm.n./.
9Z8E' &

VIET I~
92994

CMW-I-122-6A

2an

WM 10€
e
Bone

Feor

Frot

Foor

S0t
o0z

Fse1

95 9.0 85 8.0 7.5 7.0 6.5 60 55 50 45 40 35 30 25 2.0 15 1.0 0.5 00
f1 (ppm)

10.0

A

155p 81—

I8 ET—

PISLLe~—

£88L =

VBLETS—

1899 m:\.

ENLThEI—
9606821\

8226’ 6ET—

T08E 641 —

CMW-I-122-6A 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

73



1560°f—

126 T—

S5E5'T:
60552
0p9s' 2z
1945 2
9/85'C:
£009'Z-
[UAS 2
89T

BEE

9ZEY'E:
4595 €
£285'E:
BEGSE-
b009'E:

o\

6696
1566
cha,ﬂW
08Z0’

9821 £
TEST £
8LV~
08bE' f~p
9SLEL
6001 £
SSE9'L
99

CMW-I-122-6B

Br

N
2a0

Fooe

Fore

T_wa._

Femr

et

Foor

3.0 2.5 2.0 1.5 1.0 05 0.0

3.5

6.0 5.5 5.0 45
f1 (ppm)

65

7.0

9.5 9.0 8.5 8.0

10.0

9559'81—

848 bE—

TOPE TE=—

BLBE 'S
68555k

£699'05—

ozawsri/

8PS PTT~
BOTO0'6ZT /

9T8E BET—

958L LLT—

CMW-I-122-6B 13C

Br

2a0

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

74



B T—

SL9ET—

£028'9
££20'L
UL
91L0L
WHT'L

mNNNNW
895TL

~5

BTLE
SEIEL
GHPEL

FO9E'L

CMW-I-125-2A

2ap

Forg

Fooe

Tseo
560
v
607
v

6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

6.5

9.5 9.0 8.5 8.0 75 70

10.0

LBITTE—

PZ0T (2—

S168' th—

0824 61T—
0zl

155 wm_”
MNg,wNT/
8228 bEl~—

88ET ET~
S5 81"
299 T —

2ap

8956’ SLT—

CMW-I-125-2A 13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

75



L€ T—

11504
L0 L
wOT'¢
8T L
&I
86T L
b5 £
I69E "¢
[TEVEN
9g0L

CMW-I-125-2B

1.0 0.5 0.0

1.5

2.0

2.5

N

6.0 55 5.0 45 40 35 3.0
f1 (ppm)

6.5

7.0

7.5

8.0

H
Ts
2aq
9.0 8.5

9.5

10.0

£0£9' 12—

9E0S 12T~
4842521
g_..m.R_.”
BBLE 62T
Y65 62T

B0V 9ET~
WEL IET"

BLLE EPT—

CMW-I-125-28B 13C

10

20

30

40

50

60

70

100 90 80
f1 (ppm)
76

110

120

2aq
190 180 170 160 150 140 130

200




0P T—

2596°9°
12669
9zz0E:

b0t
WL
LRI
€907
Ef1L6—
=
=
=]

ZT

3a

J

Hlanm

62T
w1

lem,m_

0.0

0.5

9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

10.0

94SE'PT—

9688 b=

E9ZT 01—

EBSY 22T
£655' 221

8614 &Z1—

EE6E 9ET—
8102 0bT—

88'p81I— X

CMW-II-3 13C AGAR

3a

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

77



9995 [~

59499
6y ”W
050£

[

CMW-TI-18

E

el

Sanzs

-

009

06'0

e
€8T
e

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

4549'B2—

E6TH 55—

281 01T—

ZZE0 €T
f2afs .&V
865¢ 421
9EG /21—
6£02 621
+O10 _E\

o5z eer”

£BLT T
0b60°SPT~_

L ETe—

CMWII-18 13C

Ph

3b

200 190 180 170 160 150 140 130 120 1'}0< 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

78



T9Ep 1—

CESY =

0LE0°
EE90°L
ey

2981 £
SO1Z &

820€'£
e &
L0SE £

CMW-TI-32A

3c

-

Fooa

Fooe

Foap0
w0
981

1.0 0.5 0.0

1.5

4.0 35 3.0 2.5 2.0

95 9.0 85 80 7.5 7.0 65 60 55 50 45
f1 (ppm)

10.0

48082
6LW TE—

5848'b5—

56 60T—

£069' 221 —
SETHU"
vozs fe1—

ELPE Db —
698" EbT—

6 11E=—

CMW-E-32A 13
g

3¢

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

79



9562 1—

9054 T—

890 E—

LELY
966 p
8949
ST0L

8szc 9/
5566 ;

9610 {—¢
PEID'L
£680'£-
Wil L

CMW-II-2 AGAIN-2

=-—E8'S

— Tooc

061

160

960

~ Fos0
vzt

95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
f1 (ppm)

10.0

POVE LE— =i

0LLLGE—

9EPT Db—

b L=

LT L0T—

BESBLIT—
ZHIETEI—

9004 £Z1—

6b86 BET—

10£8'151—

1-84-C

L

3d

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

80



6915 T~
L0651

1889 £—

[
205 9"
EZ6Y' 9~F
€915

LI L
05602

9

6821 &

00574

PEST £

TSLT 4

5982 ¢
062
617E
evze ¢
6bE £
zese ¢
obsp' 4
292v ¢4
8661 ¢4
8805 ¢

€515 ¢
£0£5 ¢4
2095 ¢4
98¢ ¢4
9064 ¢4

ias: ol

CMW-TI-21

CO;Me

—

3e

L

o0E
g5e

Fooe

0.0

0.5

95 90 B85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

S8bT b~
9L W' ST

1565 b=

SETLTS—

95£E 601 —

LEPE 02T
EE9L ﬁ:./

8652 €21

vLOp —m-\.
POED"EET
BIGOBET
0845 mm_.\

BOEE'BET
o8 Nv—\

zzeg 99—

8866081 —

CMW-TI-21 13C

CO;Me

—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

81



TE00 T=——

E0BE" [—

05159~

W
be50L
N:_U.NW

£680°&

m
T
z
N
0
&
2
s
o

3f

Feez

Ve

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

10.0

E001"be~
P89

61 ZE P —

S3E
beco 9zt
SZ81°9Z1
EETL 9TT
£655'£21
9659°£2T
S18°£21
EBST BZT

Z:_ o:N
Nmmmﬁ_
Remaz \
WL TEL

B89 ThI~
Wiz EpT—

5966° 081 —

CMW-TI-22 13C

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

82



6548 0—

S6ST =

EOEE' T
0SSE’
S6LE
Sheb
20059
1€65'9
5509
a1y
£8E9°
1699
0£0£' 9
6024
10829
808
VESE' 9
648
1406
0E26°
WEG
696
£650'
bI80°L
9801 &
65612
PIET L
T £
EPBT £
VSSE £
NQEW
809b i~
nmm_nm.\.
FOLTENG
S88L ¢~

CMW-TI-24 1H AGAIN

1 bt
oo
S8

b bt b

Gt

66'b1

6E'Z

2
|
5

ST

00'1

95 9.0 85 8.0 75 7.0 6.5 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

1012 62—
0L6E {Z—

SZ10'Pp—

BT
€26€' 221

5280'5214
608b" 521
5626 STIE
£150'921
b0z 9T —8
819¢ 9214
2495921
211 9z1
L8 921
AEEVEE
9684 4214
£196'821
SSTE 6211
0£97°0E14
2298 0ET
880°1E14
0192 1€1
bS6b €T
0£1T°EET
ZevS bET
6699 GET
6568 6E1]
8220'0pT
BEEE 0bT

CMW-TI-24 13C AG

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

83



L B
S
LR
=
s
L ]
6E8Y T love b2
I -
|J 968 bz—
i
N
-3 1269 Hh—
=
=
g
o
L2
-«
L
-
E
a
L 25
s
=
n 0600° 11T —
© A
Pz SIT—
-2 2060921
S0b S 921 =
SES2 8T/
& £98¢ ,m—\
24 5195 01
y 1814 bET
860/ Toda
osEL NV L0 SLELEL
z 6069 THT
£982 £ &
ST67 £ S
WIEL
£02E' & oIt
WLE L Foe | s
ShBE £ = e N
£66E" £
£66E £
oy | o
996b & @
VIzs ¢
995 £ [e) o
£ L 8421081 — <
N\P @ - a
S £
] | o ©
o
o B I8} w
o Mo 8 o
n n
a5 a5
z & z
= F o s
= - =
s} s}

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10
f1 (ppm)
84

210




A

SBSE" =

9195 €—

0bS0° -
E_WE.NV
BEGT' &
0007 £

Cl

CMW-TI-7

W

o

=619

E=00E

ES0T
907

95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

69b9 bE—

£419'60—

T2ek th—

b8 S1T—

0149 Tz —

PSOT 81~
9E6b' 61—

992 LET—
806" 6ET—

L0181 —

CMW-TI-7 13C

Cl

|

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

85



488V T—

4867 E—

1626 9~
84569

E00T

b90T" 8
ERT

Wk T WV
ae W\
8LLT

CMW-TI-6

O;N

3

R

L

Fsoo

Fooe

Froy

Fooo
Fooo

0.0

0.5

1.5

2.5 2.0

3.0

95 90 85 80 75 70 65 6.0 55 50 45 40
f1 (ppm)

10.0

WhThi—
9964 92—

LP0E Y=

SE69' 01—

POGE' 81—

4892 71—

1245 961 —

LS EPT—

098b° 8bT—

T09€" 18] ==

CMW-II-6 13C

O;N

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

86



01 1—

0989 p—

£026' 9~
69

6198'£
mmmo.n./.
TEE6'£

&mo.w\.
S096'¢:

CMW-TI-11

Ci

o909

Fooz

., .

Tooz

L

= Fseo

]
oot

0.0

0.5

7.0 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

75

8.5 8.0

9.0

9.5

100

E90E bE=—

SE95'92—

E0L0 P~
8529 Gb—

SLLL0T—

TBEL T —

VIZO BT~
SEbE 0ET—"

£58b° 9E1—

96 LpT—

55181 —

60' 061~

CMW-TI-11 13§
Ci

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

87



S89E T—

BIEDE:
950 MW
6080 E:

pS0T m.\.

TLL9E
ST0Z mV

ozcel

ET8L 9~
5808'9"

68904
PEOT L=
aozr e/

CMW-TI-12

|

4b

c

Foe9

Foe
e

=
=
~N

o

2107
501

25 2.0 15 1.0 0.5 0.0

3.0

95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

10,0

0515'bZ~
59£€'92—

ThED'BE—

899 b~
294"

TE0T' 801 —

8Z00°EZT—

espr e/
0p0S ZET~
09 e .um~/|

8089 ThT—

PESH 18—

CMW-TI-12 13C

Cl

4b

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

88



PESET—

95ET' T
8459
P1LTE
1889'¢
1820°C
SEPL T
9854 T
£008' T
(242
UER'E:
0098'Z:
6041 €=

SI95°E:
2us MW
FALT R

8zEL WV
£
ma,

981 € n./.
LN

8ZSL £
nmhn.nV
§948'&
SE0G' £

CMW-TI-25 AGAIN

A

N

A

Fooo

e
mva.e
Degre

Faor

601
£
Pl
wt

Fooy
oot

0.0

0.5

1.0

TEVD bE~
Ep1Z'9Z—

1.5

EEZE'EE—

2.0

E0TT b=

99£0°05—
SL10°E5—

2.5

S£€8'09—

4.0 3.5 3.0

4.5

5.0
f1 (ppm)

£5£8'L01—

5.5

EpSS 02T
8692 221
ELLRETI~T

pzzsan
8514421 W
8966'£21
LS VEr—L

6EGD' mm—\.
ESLR 0PI~

6.0

6.5

7.0

7.5

062 251 —

8.0

0898 E91—

8.5

82" 181 —

9.0

10.0 9.5
CMW-TI-25 13C AGAIH

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

89



SOEE'T—

85T
@S.NW
1529°¢

UTTE:
mwmm.mv
985L'E:

£6£6'9
£900°£:

PETE' £
auvo.nv
6£96'L

0554 01—

BOET ZT=—

CMW-TI-20

N

HOOC

ZT

|

009

561

S0

4.7 86'0

1.0 05

1.5

2.0

25

4.0 35 3.0

4.5

6.0 55 50

6.5

75
f1 (ppm)

12.5 115 10.5 95 9.0 85 8.0

135

145

085¢& VN.\
7906'8Z—

QLN

B0EY Pb—

BLTOOIT—

£9pY ETT—

0bZ00ET~
0805 11—

0I9T'LET—

BETY 91—

1698 bLT—

6825 £8T—

€6 L61 —

CMW-TI-20 13C

HOOC

5a

190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

200

90



BPOE T~

EEEL'T:
WH'T
wszd
BLZ6'T:
vmmm.m./
B186'Z-

BL06 9~
€6’

0485~
b 19~
86e£e

GZES DI —

1468 01—

CMW-TI-27

(]

I

ZT

5b

HN,N/

E

M\.

Ml

=
I

Fae0

Feso

009

vo'1

86'1

o't

1.0 0.5 0.0

1.5

2.0

60 55 50 45 40 35 3.0 25
f1 (ppm)

6.5

115 11.0 105 100 95 9.0 85 8.0 75

12.0

TWH8 T~
2616 pT=—
60 Le—

b 69'bh—

S0 0 —

9010 12—

1249 91—
Eb6S 0ET—

Wz LET—

bOS0" EpT—

EbT9 05T —

£066'£91—

092 €81 —

CMW-TI-27 13C

°N

HN

5b

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

91



