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General Methods and Materials:

Unless specified, all reactions were carried out under air using commercial available solvents
as received. Dichloro(n’>-pentamethylcyclopentadienyl)rhodium(Ill) dimer (99%) was
purchased from Sinocompound Technology Co., Ltd. Alkyne substrates were purchased from
Alfa Aesar and used directly. 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 *C NMR data were recorded on Bruker 400 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 *C 77.16 ppm). Multiplicities
are described as: s (singlet), bs (broad singlet), d (doublet), t (triplet), q (quartet), m
(multiplet); and coupling constants (J) are reported in Hertz (Hz). *C NMR spectra were
recorded with total proton decoupling. HRMS (ESI) analysis was performed by The Analytical
Instrumentation Center at Peking University, Shenzhen Graduate School and (HRMS) data
were reported with ion mass/charge (m/z) ratios as values in atomic mass units.
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Synthesis and Characterization of Starting Materials

General procedure for preparation of N-nitroso aniline substrates 1 (eq S1)!

The aniline (0.05 mol, 1.0 equiv) was dissolved in a 1:2 mixture of acetonitrile and water (30
mL) and cooled to 0 °C (ice bath). Concentrated aqueous HCI (7.3 mL, 0.24 mol) was added
dropwise. The mixture was stirred vigorously for half an hour, while maintained at 0 °C. To
this mixture was added an aqueous solution (13 mL) of NaNO, (3.5 g, 0.05 mol) over the
course of 10 min. The reaction was allowed to proceed for 1 h. The mixture was then
extracted with EtOAc. The combined organic layer was washed with brine, dried over Na,SO,,
concentrated under reduced pressure, and purified by flash silica gel column
chromatography (petroleum ether / ethyl acetate = 20:1) to give the corresponding
N-nitroso aniline substrates 1.

R :
“NH R
N
X . HCl, CH3CN/H,0 X NO
R—I > R_:
.~ ii. NaNO, Z s1

N
S

N-methyl-N-phenylnitrous amide (1a)%: 96% yield, yellow oil. '"H NMR (CDCl;, 400 MHz): &
7.54 (d, J = 8.0 Hz, 2H), 7.47 (t, J = 8.4 Hz, 2H), 7.36 (td, J = 8.0, 0.8 Hz, 1H), 3.45 (s, 3H); *C
NMR (CDCl;, 100 MHz): 6 142.4, 129.6, 127.4, 119.3, 31.6. HRMS (ESI): found: 137.0709,
calcd. for C;HsN,0 ([M+H]"): 137.0715.

N
i

N-ethyl-N-phenylnitrous amide (1b)": 99% yield, yellow oil. *"H NMR (CDCl;, 400 MHz): §;
7.54-7.52 (m, 2H), 7.48-7.44 (m, 2H), 7.37-7.33 (m, 1H), 4.10-4.04 (m, 2H), 1.18-1.124 (m,
3H); *C NMR (CDCl;, 100 MHz): § 141.5, 129.6, 127.4, 119.6, 39.3, 11.8. HRMS (ESI): found:
151.0865, calcd. for CgH11N,0 ([M+H]): 151.0871.

N-isopropyl-N-phenylnitrous amide (1c)": 93% vyield, as an inseparable rotameric mixture
(1.8:1), yellow oil. '"H NMR (CDCl;, 400 MHz) for the major rotamer: & 7.49-7.40 (m, 3H),
7.39-7.33 (m, 2H), 6.97-6.94 (m, 1H), 5.27-5.17 (m, 1H), 1.45 (dd, /= 6.8, 1.6 Hz, 3H), 1.18 (dd,
J = 6.8, 1.6 Hz, 6H); *C NMR (CDCl3, 100 MHz) as a mixture: & 139.5, 136.6, 129.4, 129.3,
129.2, 128.8, 127.8, 126.0, 56.2, 46.4, 22.1, 19.8. HRMS (ESI): found: 165.1026, calcd. for

3/62



C9H13N20 ([M+H]+)' 165.1028.

N\
o

N-benzyl-N-phenylnitrous amide (1e)*: 66% vyield, pale yellow solid. *H NMR (CDCls;, 400
MHz): 6 7.54 (dd, J = 7.6, 0.8 Hz, 2H), 7.44-7.40 (m, 2H), 7.35-7.31 (m, 1H), 7.29-7.22 (m, 3H),
7.09 (d, J = 7.2 Hz, 2H), 5.25 (s, 2H); *C NMR (CDCls, 75 MHz): § 141.8, 134.4, 129.5, 128.9,
127.7, 127.4, 127.1, 119.6, 112.9, 47.4. HRMS (ESI): found: 213.1020, calcd. for Cy3H13N,0
(IM+H]"): 213.1028.

N<
o

N-methyl-N-p-tolylnitrous amide (1f)": 96% vyield, yellowish brown solid. *H NMR (CDCls, 400
MHz): 6 7.41 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.0, 2H), 3.44 (s, 3H), 2.40 (s, 3H); **C NMR (CDCls,
100 MHz): 6 140.1, 137.4, 130.1, 119.4, 31.9, 21.1. HRMS (ESI): found: 151.0867, calcd. for
CaHN,O ([M+H]"): 151.0871.

N.
MeO

N-(4-methoxyphenyl)-N-methylInitrous amide (1g)": 83% vield, yellowish solid. '"H NMR
(CDCl3, 400 MHz): 6 7.44-7.40(m, 2H), 6.99-6.96 (m, 2H), 3.84-3.83 (m, 3H), 3.43-3.42 (m, 3H);
3C NMR (CDCl;, 100 MHz): & 159.0, 135.8, 121.2, 114.7, 55.7, 32.4. HRMS (ESI): found:
167.0814, calcd. for CgH1;N,0, ([M+H]*): 167.0821.

N
F

N-(4-fluorophenyl)-N-methylnitrous amide (1h)": 89% yield, brown yellow oil. ‘H NMR (CDCls,
400 MHz): 6 7.50-7.46 (m, 2H), 7.17-7.12 (m, 2H), 3.42 (s, 3H); BC NMR (CDCl;, 100 MHz): &
161.7(J;1=246.0), 138.6 (J;,=3.0), 121.2 (J;3=7.0), 116.4 (J;»=23.0), 31.9. HRMS (ESI): found:
155.0614, calcd. for C;HgFN,O ([M+H]"): 155.0621.

Br N._
o

N-(3-bromophenyl)-N-methylInitrous amide (1i)': 93% vyield, yellow solid. *"H NMR (CDCl, 400
MHz): 6 7.73 (d, J = 2.0 Hz, 1H), 7.50-7.47 (m, 2H), 7.37-7.32 (m, 1H), 3.42 (s, 3H); BC NMR
(CDCl;, 100 MHz): 6 143.5, 130.9, 130.2, 123.3, 122.0, 117.5, 31.1. HRMS (ESI): found:
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214.9817, calcd. for C;HsBrN,O ([M+H]"): 214.9820.

N\
MeO2C

methyl 4-(methyl(nitroso)amino)benzoate (1j)*: 72% vield, yellow solid. "H NMR (CDCls, 400
MHz): 6 8.12 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.6 Hz, 2H), 3.93 (s, 3H), 3.44 (s, 3H); °C NMR
(CDCl;, 100 MHz): 6 166.3, 145.7, 131.1, 128.6, 117.9, 52.4, 30.6. HRMS (ESI): found:
195.0763, calcd. for CsHyN,05 ([M+H]'): 195.0770.

L)

|
NO

1-nitroso-1,2,3,4-tetrahydroquinoline (1k)’: 94% yield, yellow solid. 'H NMR (CDCl;, 400
MHz): 6 8.01 (d, J = 8.0 Hz, 1H), 7.27-7.22 (m, 1H), 7.18-7.17 (m, 2H), 3.85 (t, J = 6.4 Hz, 2H),
2.77 (t, J = 6.0 Hz, 2H), 1.99-1.95 (m, 2H); *C NMR (CDCl, 100 MHz): 6 137.4, 129.1, 127.6,
126.9, 126.2, 116.2, 42.4, 27.1, 20.7. HRMS (ESI): found: 163.0865, calcd. for CsH;;N,O
([M+H]"): 163.0871.

CLy

ON
5-nitroso-10,11-dihydro-5H-dibenzo[b,flazepine (11)°: 92% vield, yellow solid. "H NMR (CDCls,
400 MHz): & 7.61 (t, J = 4.4 Hz, 1H), 7.35-7.22 (m, 6H), 7.06 (d, J = 6.4 Hz, 1H), 3.3-3.14 (m,
2H), 2.97-2.77 (m, 2H); *C NMR (CDCl;, 100 MHz): § 139.8, 138.3, 136.5, 133.2, 131.2, 129.8,
129.5, 128.8, 127.3, 127.2, 127.0, 125.7,32.4, 30.1. HRMS (ESI): found: 225.1025, calcd. for
CisH13N,0 ([M+H]"): 225.1028.

N-benzyl-N-(3,4-dimethoxyphenyl)nitrous amide (1m): 72% yield, yellowish brown solid. *H
NMR (CDCl;, 400 MHz): 6 7.30-7.23 (m, 3H), 7.18 (d, J = 2.4 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H),
6.91-6.84 (m, 2H), 5.22 (s, 2H), 3.88 (s, 3H), 3.85 (s, 3H); BC NMR (CDCl;, 100 MHz): 6 149.7,
148.7, 135.4, 134.6, 128.9, 127.7, 127.4, 111.9, 111.2, 104.5, 56.2, 56.2, 47.8. HRMS (ESI):
found: 273.1242, calcd. for C4sH17N,05 ([IM+H]"): 273.1239.
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N
Ac

N-(4-acetylphenyl)-N-methyInitrous amide (1n): 84% vyield, pale yellow solid. "H NMR (CDCls,
300 MHz): & 8.05 (dd, J = 9.0, 1.5 Hz, 2H), 7.65 (dd, J = 8.7, 1.5 Hz, 2H), 3.94 (s, 3H), 3.45 (s,
3H), 2.62 (s, 3H); BC NMR (CDCl5, 75 MHz): 6 197.0, 145.8, 135.4, 130.0, 118.0, 30.6, 26.7.
HRMS (ESI): found: 179.0827, calcd. for CoH11N,0, ([M+H]*): 179.0821.

Synthesis of catalyst

AgOAc, CHCI;
rt

[RhCp*Cly], 3 [RhCp*(OAc),],

83%

[Cp*RhCl,], (750 mg, 1.0 equiv) and AgOAc (810 mg, 4.0 equiv) were weighed into an oven
dried Schlenk tube. The reaction vessel was capped and vacuum/backfilled with argon three
times. To this vessel, 20 mL CHCl; was added. The reaction was stirred at rt for two hours.
The reaction mixture was filtered through a plug of celite and wished with n-hexane. The
filtrate was concentrated by rotary evaporation and the residue yellow solid was collected as
the desired catalyst (in case there is residual solvents, drying under high vacuum pump
overnight maybe necessary).
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Condition screening:

Initial screening quickly identified [RhCp*(CH3CN);3][SbF¢], was a good catalyst and the
reaction required additives in order to achieve decent conversions. Table S1 summarized
comprehensive condition tuning for substrate 1a and 1,2-diphenylacetylene.

Table S1. Condition Screening for Rh(lll)-Catalyzed Nitroso-Directed C-H Activation Indole

Synthesis °
| Ph Ph
©:N\N/,0 I 3% cat: - mph
additive, air, 45 h N
H Ph \
1.0 equiv 2.0 equiv
entry temperature  solvent catalyst additive GC-MS
(°C) (3mL) (3% equiv) (2 equiv) yield
(%)
1 80 MeOH [RhCp*(CH3CN);][SbF¢], NaOAc 49
2 80 MeOH [RhCp*(CH3CN);][SbFs], KOAC 38
3 80 MeOH [RhCp*(CH3CN);][SbFs], CsOAc 38
4 80 MeOH [RhCp*(CH3CN);][SbFg], LiOAc 48
5 100 MeOH [RhCp*(CH3CN);][SbFs], KOAC 55
6 80 MeOH [Ru (p-cymene)Cl,]. NaOAc 0
7 80 MeOH [Ru (p-cymene)Cl,]. Cu(OACc),.H,0 <5
8 130 toluene Rh(PPh3)sCl - 0
Qoe 60 MeOH [RhCp*Cl,], Cu(OAc),.H,0 44
AgSbFg (30%)
10 80 MeOH [RhCp*Cl,]. NaOAc 57
1 80 MeOH [RhCp*(CH3CN)s][SbF], Cs,CO; 0
12 80 MeOH [RhCp*(CH3CN);][SbF¢], K,COs 0
13 80 MeOH [RhCp*(CH3CN);][SbFs], NaHCO; 0
14 80 DCE [RhCp*(CH3CN)s][SbFe].  Cu(OAc)2.H0 71
15 80 DMF [RhCp*(CH3CN)s][SbFs], KOAC 0
16 80 DCE [RhCp*(CH3CN);][SbFs], KOAC 15
17 80 MeCN [RhCp*(CH3CN);][SbFs], KOAC 11
18 80 toluene [RhCp*(CH3CN);][SbFs], KOAc 3
19 80 t-AmylOH [RhCp*(CH3CN)s][SbF¢], KOAc 0
20 80 THF [RhCp*(CH3CN);s][SbFs], KOAC 8
21 80 MeOH [RhCp*(CH3CN)s][SbFs],  KOAC (50%) 31
22 80 MeOH [RhCp*(CH3CN);][SbFs], KOAc (1.0) 48
23° 90 MeOH [RhCp*(CH3CN);s][SbFs], KOAC 40
24° 90 MeOH [RhCp*(CH3CN);][SbFs], CsOAc 34
25 80 MeOH [RhCp*(CH3CN)s][SbFe].  Cu(OAc)2.H0 79
26° 80 MeOH [RhCp*(CH3CN)3][SbFe].  Cu(OAc)2.H20 (20%) 82
27 80 MeOH [RhCp*(CH3CN);][SbFs]. AgOAc 67
28" 90 MeOH [RhCp*Cl,], Cu(OAc),.H,0 (10%) 79
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AgSbFs (20%)

29" 90 MeOH [RhCp*Cl,], AgOAC (30%) 85
30° 90 DCE [RhCp*Cl,], Cu(OAC),.H,0 (10%) 72
31° 90 MeOH [RhCp*Cl,], Cu(OPiv), ( 10%) 53
32° 90 MeOH [RhCp*Cl,], AgOAC (30%) 86
NaOAc (1.0)

330 90 MeOH [RhCp*Cl,], AgOAC (30%) 82
34° 90 MeOH [RhCp*Cl,], CuCl, (10%) 0
359 60 MeOH [RhCp*Cl,], AgOAC (30%) 94
36° 60 MeOH [RhCp*Cl,], AgOAC (30%) 90
37%¢ 60 MeOH [RhCp*Cl,], NaOAc 41
38%¢ 60 MeOH [RhCp*Cl,], AgOAc (30%) 87
397 60 MeOH [RhCp*Cl,], (1%) AgOAC (10%) 60
40%° 60 MeOH [RhCp*Cl,], (2%) AgOAcC (20%) 50
41%" 60 MeOH [RhCp*(OAC),] - 53
42°" 60 MeOH [RhCp*(OAC),] AgOAcC (10%) 73
43%f 90 MeOH [RhCp*(OAC),] (8%) - 90
44 80 MeOH [RhCp*Cl], - <5
45" 80 MeOH [RhCp*(OAC),] AgOAC (5%) 88
46°" 90 MeOH [RhCp*(OAC),] - 66
47" 75 MeOH [RhCp*(OAC),] - 76

20.3 mmol scale. ® 23 h. ©4 days. * Under O,. © Isolated yield. " Under Ar. ¢ In a glove box
Note: for entry 26-47, only 1.3 equiv aryne and 5 mol % cat. was used, reaction was stopped
when most starting material disappeared. For entry 46, 1.1 equiv aryne was used.
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General Procedure for the Nitroso Directed Indole Synthesis via Rh(lll)-Catalyzed

C-H Activation

NN

R Ry
|
R * MeOH, 90 °C, Air
H R
2

Ry

R,

N

\
Rl

[Cp*Rh(0OACc),] (0.024 mmol, 8.0 mg, 8 mol %) and N-nitroso aniline substrate 1 (0.3 mmol,
1.0 equiv) were weighed into an oven dried sealed tube. A solution of alkyne (0.45 mmol, 1.3

equiv) in methanol (3.0 mL) was added using a syringe. The vessel was sealed with a TFE cap

and the reaction was stirred at 90 °C. The progress of the annulation was monitored by TLC.

Upon complete consumption of 1, 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 (80:1 to 30:1) to afford product

3.
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Characterization of Indole Products:

Ph

N—ph

N
\

1-methyl-2,3-diphenyl-1H-indole (3a)’: 90% yield, white solid. 'H NMR (CDCl;, 400 MHz): &
7.85 (d, J = 8.0 Hz, 1H), 7.47-7.31 (m, 11H), 7.29-7.20 (m, 2H), 3.71 (s, 3H); *C NMR (CDCls,
100 MHz): § 137.9, 137.5, 135.4, 132.0, 131.3, 130.0, 128.5, 128.3, 128.2, 127.1, 125.6, 122.3,
120.3, 119.7, 115.2, 109.7, 31.1. HRMS (ESI): found: 284.1439, calcd. for C,;HigN ([M+H]"):
284.1439.

Ph

N—ph
N

\
Et

1-ethyl-2,3-diphenyl-1H-indole (3b)%: 90% vyield, yellow solid. *"H NMR (CDCl;, 400 MHz): &
7.84 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H),7.43-7.28 (m, 10H), 7.24-7.16 (m, 2H), 4.16
(0, J = 7.2 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz): § 137.4, 136.2, 135.4,
132.4, 131.2, 130.0, 128.6, 128.2, 127.4, 125.5, 122.2, 120.2, 119.9, 115.5, 109.9, 38.8, 15.5.
HRMS (ESI): found: 298.1589, calcd. for Cp;HxoN ([M+H]*): 298.1596.

Ph

N—pn
N

\
Pr-i

1-isopropyl-2,3-diphenyl-1H-indole (3¢c)’: 54% yield, yellow solid. "H NMR (CDCls;, 400 MHz):
5 7.81 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H),7.41-7.36 (m, 3H), 7.35-7.32 (m, 2H),
7.29-7.24 (m, 5H), 7.20-7.15 (m, 2H), 4.62-4.55 (m, 1H), 1.65 (d, J = 6.8 Hz, 6H); °C NMR
(CDCl5, 100 MHz): & 137.7, 135.4, 134.7, 132.9, 131.3, 130.1, 128.5, 128.3, 128.2, 128.1,
125.5, 121.6, 120.1, 119.8, 115.3, 112.4, 48.0, 21.7. HRMS (ESI): found: 312.1746, calcd. for
Ca3H»N ([M+H]Y): 312.1752.

Ph

N pnh
N
A
Ph
1,2,3-triphenyl-1H-indole (3d)™: 60% yield, white yellow solid. "H NMR (CDCls, 400 MHz): &
7.81-7.79 (m, 1H), 7.38-7.28 (m, 8H), 7.23-7.19 (m, 5H), 7.16-7.07 (m, 5H); *C NMR (CDCl;,
100 MHz): 6 138.3, 138.0, 137.2, 135.1, 131.7, 131.3, 130.4, 129.2, 128.4, 128.4, 128.0, 127.7,
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127.5, 127.3, 126.1, 122.9, 121.0, 119.7, 116.9, 110.8. HRMS (ESI): found: 346.1589, calcd.
for C26H20N ([M+H]+)' 346.1596.

Ph

N—rpn
N

\\Ph

1-benzyl-2,3-diphenyl-1H-indole (3e)®: 73% yield, light yellow solid. *H NMR (CDCls, 400 MHz):
5 7.86 (dd, J = 6.4, 1.6 Hz, 1H), 7.38-7.19 (m, 16H), 7.04 (d, J = 6.8 Hz, 2H), 5.32 (s, 2H); **C
NMR (CDCl;, 100 MHz): 6 138.2, 138.0, 137.1, 135.2, 131.9, 131.2, 130.0, 128.8, 128.5, 128.3,
127.5, 127.3, 126.3, 125.7, 122.5, 120.6, 119.9, 115.8, 110.7, 47.7. HRMS (ESI): found:
360.1755, calcd. for C,7H,,N ([M+H]Y): 360.1752.

Ph
N
\

1,5-dimethyl-2,3-diphenyl-1H-indole (3f)'': 95% vield, yellow solid. *H NMR (CDCls, 400 MHz):
8 7.59 (s, 1H), 7.41-7.22 (m, 10H), 7.20-7.11 (m, 2H), 3.67 (s, 3H), 2.49 (s, 3H); °C NMR
(CDCl5, 125 MHz): & 137.9, 135.9, 135.5, 132.2, 131.3, 130.1, 129.6, 128.5, 128.3, 128.1,
127.3, 125.5, 123.9, 119.3, 114.8, 109.4, 31.1, 21.7. HRMS (ESI): found: 298.1594, calcd. for
CaoHaoN ([M+H]"): 298.1596.

Ph
MeO X \
| Ph
Z =N
\

5-methoxy-1-methyl-2,3-diphenyl-1H-indole (3g): 77% vield, white solid. ‘H NMR (CDCls, 500
MHz): & 7.38-7.31 (m, 3H), 7.30-7.27 (m, 7H), 7.25-7.24 (m, 1H), 7.18-7.15 (m, 1H), 6.96 (dd,
J=8.5, 2.5 Hz, 1H), 3.84 (s, 3H), 3.64 (s, 3H); *C NMR (CDCl;, 125 MHz): § 155.0, 138.6, 135.6,
133.0, 132.2, 131.3, 130.0, 128.5, 128.4, 128.1, 127.5, 125.6, 115.1, 112.6, 110.5, 101.7, 56.3,
31.2. HRMS (ESI): found: 314.1542, calcd. for C,H,oNO ([M+H]'): 314.1545.

Ph
F

N

\
5-fluoro-1-methyl-2,3-diphenyl-1H-indole (3h): 50% yield, yellow solid. "H NMR (CDCl;, 400
MHz): 6 7.43 (dd, /= 9.6, 2.4 Hz, 1H), 7.40-7.33 (m, 3H), 7.32-7.27 (m, 3H), 7.25-7.21 (m, 3H),
7.19-7.14 (m, 2H), 7.04 (td, J = 8.8, 2.4 Hz, 1H), 3.66 (s, 3H); BC NMR (CDCl;, 100 MHz): &
158.7 (J;1=233.0), 139.4, 134.9, 134.1, 131.7, 131.2, 129.8, 128.6, 128.4 (Jz,=5.0), 128.0

(J;3=5.0), 127.4 (J5=10.0), 125.8, 115.3, 110.7, 110.4(J;»=11.0), 104.6 (Jr,=24.0). HRMS (ESI):
found: 302.1340, calcd. for C,;Hi7FN ([M+H]"): 302.1345.
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Ph Br  pp

N\ Ph N Ph
Br N\ N\
3i 3i°

6-bromo-1-methyl-2,3-diphenyl-1H-indole (3i): 86% yield, as a mixture (3i/3i’=2.3), yellowish
solid. 'H NMR (CDCls, 400 MHz) for the major isomer: §7.42-7.21 (m, 16 H), 7.14 (t, J = 8.0 Hz,
1H), 3.70 (s, 3H); **C NMR (CDCl;, 100 MHz) of the regiomeric mixture: § 140.0, 138.3, 138.0,
134.8, 134.7, 132.9, 131.5, 131.3, 131.2, 131.1, 129.9, 128.6, 128.4, 128.2, 128.1, 127.0,
126.4, 126.1, 125.9, 125.4, 124.8, 123.5, 122.6, 121.0, 116.6, 115.7, 115.4, 114.5, 112.7,
108.9, 31.4, 31.2; HRMS (ESI): found: 362.0536, calcd. for C,;H,7BrN ([M+H]"): 362.0544.

Ph

N—ph

N
\

methyl 1-methyl-2,3-diphenyl-1H-indole-5-carboxylate (3j)**: 92% yield, brown solid. ‘H
NMR (CDCls, 400 MHz): & 8.55 (s, 1H), 8.03 (dd, J = 8.4, 1.6 Hz, 1H), 7.43-7.40 (m, 4H),
7.35-7.31 (m, 6H), 7.25-7.21 (m, 1H), 3.94 (s, 3H), 3.71 (s, 3H); 2*C NMR (CDCls, 100 MHz):
168.3, 139.8, 139.1, 134.5, 131.4, 131.2, 130.0, 128.6, 128.5, 128.2, 126.8, 126.1, 123.7,
122.8, 122.3, 116.6, 109.4, 51.9, 31.3; HRMS (ESI): found: 342.1489, calcd. for
C,sHyoNO,([M+H]"): 342.1494,

MeO,C

Et

D—et

N
\

methyl 2,3-diethyl-1-methyl-1H-indole-5-carboxylate (3k): 51% yield, white yellow solid. ‘H
NMR (CDCl;, 400 MHz): 6 8.30 (d, J=1.2 Hz, 1H), 7.86 (dd, /= 8.4, 1.6 Hz, 1H), 7.23 (d, /= 8.4
Hz, 1H), 3.94 (s, 3H), 3.69 (s, 3H), 2.81-2.74 (m, 4H), 1.27-1.21 (m, 6H); *C NMR (CDCl;, 100
MHz): 6 168.7, 139.5, 139.3, 127.2, 122.2, 121.2, 120.6, 114.5, 108.3, 51.9, 29.8, 17.8, 17.6,
16.5, 14.9; HRMS (ESI): found: 246.1490, calcd. for C;sH,0NO,([M+H]"): 246.1494.

MeO,C

Pr

\Pr

N
\

methyl 1-methyl-2,3-dipropyl-1H-indole-5-carboxylate (31): 61% yield, white solid. '"H NMR
(CDCls, 400 MHz): & 8.29 (d, J = 1.6 Hz, 1H), 7.86 (dd, d, / = 8.8, 1.6 Hz, 1H), 7.22 (d, J = 9.2 Hz,
1H), 3.94 (s, 3H), 3.68 (s, 3H), 2.74-2.69 (m, 4H), 1.71-1.59 (m, 4H), 1.04-0.97 (m, 6H); C
NMR (CDCls, 100 MHz): 6 168.7, 139.4, 138.5, 127.6, 122.2, 121.4, 120.5, 113.5, 108.3, 51.9,
29.9, 26.7, 26.7, 24.7, 23.5, 14.4, 14.2; HRMS (ESl): found: 274.1802, calcd. for
Cy17H24NO5([M+H]"): 274.1807.

MeO,C
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O
N
\
1-methyl-2,3-dip-tolyl-1H-indole (3m)™: 96% vyield, yellow solid. *H NMR (CDCls, 300 MHz): &
7.82 (d, J = 8.1 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.32 (td, J = 6.9, 0.9 Hz, 1H), 7.27-7.19 (m, 7H)
7.12 (d, J = 7.8 Hz, 2H), 3.70 (s, 3H), 2.43 (s, 3H), 2.36 (s, 3H); *C NMR (CDCl;, 75 MHz): &
137.9, 137.7, 137.4, 135.0, 132.4, 131.1, 129.8, 129.2, 129.1, 127.2, 122.1, 120.1, 119.7,

114.8, 109.6, 31.0, 21.5, 21.3; HRMS (ESI): found: 312.1749, calcd. for CysH,N([M+H]"):
312.1752.

2,3-bis(4-methoxyphenyl)-1-methyl-1H-indole (3n)'°: 94% vyield, light yellow solid. *"H NMR
(CDCl3, 400 MHz): 6 7.78 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.33-7.25 (m, 5H), 7.19
(td, J=7.6,0.8 Hz, 1H), 6.95 (td, J = 9.6, 2.8 Hz, 2H), 6.86 (td, /= 9.6, 2.8 Hz, 2H), 3.86 (s, 3H),
3.82 (s, 3H), 3.68 (s, 3H); 3C NMR (CDCl3;, 100 MHz): 6 159.4, 157.6, 137.4, 137.3, 132.5,
131.0, 127.9, 127.3, 124.3, 122.0, 120.1, 119.6, 114.5, 114.0, 113.8, 109.6, 55.4, 55.3, 31.0;
HRMS (ESI): found: 344.1642, calcd. for Cy3Ha,NO, ([M+H]'): 344.1651.

OO
N
\
2,3-bis(4-tert-butylphenyl)-1-methyl-1H-indole (30)": 90% yield, yellow solid. "H NMR (CDCls,
400 MHz): 6 7.86 (d, J = 8.0 Hz, 1H), 7.44-7.42 (m, 3H), 7.34-7.29 (m, 7H), 7.23-7.19 (m, 1H),
3.69 (s, 3H), 1.40 (s, 9H), 1.36 (s, 9H); *C NMR (CDCls, 100 MHz): 6§ 151.0, 148.1, 137.8, 137.4,

132.4, 130.9, 129.5, 129.1, 127.3, 125.3, 125.1, 122.0, 120.1, 119.9, 114.8, 109.6, 34.8, 34.5,
31.5, 31.1; HRMS (ESI): found: 396.2686, calcd. For CyoH3sN ([M+H]"): 396.2691.
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([
N\\Br

2,3-bis(4-bromophenyl)-1-methyl-1H-indole (3p): 88% yield, yellow solid. *H NMR (CDCls,
400 MHz): 6 7.76 (d, /= 8.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 2H), 7.44 (d, J=8.4 Hz, 3H), 7.36 (t, J =
7.6 Hz, 1H), 7.27-7.17 (m, 5H), 3.70 (s, 3H); **C NMR (CDCl;, 100 MHz): 6 137.6, 136.7, 134.0,
132.7, 132.0, 131.6, 131.5, 130.6, 126.7, 122.8, 120.7, 119.8, 119.5, 114.5, 109.9, 31.1;
HRMS (ESI): found: 439.9642, calcd. for CyH16Br,N ([M+H]"): 439.9649.

o Ph

N—ph

N

\
1-(1-methyl-2,3-diphenyl-1H-indol-5-yl)ethanone (3q): 97% yield, yellow oil. ‘*H NMR (CDCls,
400 MHz): 6 8.42 (d, J = 1.2 Hz, 1H), 7.97 (dd, J = 8.8, 1.6 Hz, 1H), 7.41 (d, J = 8.8 Hz, 1H), 7.39
-7.38 (m, 3H), 7.38-7.30 (m, 6H), 7.25-7.19 (m, 1H), 3.69 (s, 3H), 2.65 (s, 3H); *C NMR (CDCl;,
100 MHz): 6 198.4, 139.8, 139.2, 134.4,131.2, 131.1, 130.3, 129.9, 128.6, 128.5, 126.7, 126.1,
122.6, 121.9, 116.9, 109.6, 31.3, 26.7; HRMS (ESI): found: 326.1539, calcd. for C,3H,oNO
([M+H]"): 326.1545.

methyl 1-methyl-2,3-bis(4-(methylthio)phenyl)-1H-indole-5-carboxylate (3r): 87% yield,
yellowish solid. 'H NMR (CDCl;, 400 MHz): & 8.47 (s, 1H), 7.99 (dd, J = 8.8, 1.2 Hz, 1H), 7.39 (d,
J=8.4Hz, 1H), 7.27 -7.19 (m, 8H), 3.92 (s, 3H), 3.68 (s, 3H), 2.51 (s, 3H), 2.49 (s, 3H); BCNMR
(CDCl3;, 100 MHz): 6 168.3, 139.9, 139.4, 138.5, 135.9, 131.4, 131.3, 130.3, 127.6, 126.8,
126.7, 126.0, 123.7, 122.6, 122.3, 116.0, 109.4, 52.0, 31.3, 16.0, 15.3; HRMS (ESI): found:
434.1246, calcd. for C,5H,4NO,S, ([M+H]"): 434.1248.
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OBn

Me02C
C-Ore
N

\
3s

methyl 2-(4-(benzyloxy)phenyl)-1,3-dimethyl-1H-indole-5-carboxylate (3s): as an inseparable
mixture (3s/3s'=10:1), 71% vyield, yellowish solid. 'H NMR (CDCl;, 400 MHz): & 8.37 (s, 1H),
7.96 (d, J=8.8 Hz, 1H), 7.49 (d, /= 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.38 (d, / = 7.2 Hz, 1H),
7.33-7.30 (m, 3H), 7.12 (d, J = 8.4 Hz, 2H), 5.14 (s, 2H), 3.96 (s, 3H), 3.62 (s, 3H), 2.30 (s, 3H);
B¢ NMR (CDCl3, 100 MHz): 6 168.5, 158.9, 139.6, 138.9, 136.9, 131.9, 131.3, 131.2, 128.8,
128.2, 128.2, 127.7, 124.1, 123.1, 121.8, 121.0, 117.9, 114.9, 109.9, 108.9, 52.4, 51.9, 31.2,
30.6, 9.4; HRMS (ESI): found: 386.1753, calcd. for CpsHpNOs ([M+H]*): 386.1756.

Bu Ph
MeO,C MeO,C
N _ph N gy
N + N
o\
3t 3t

methyl 3-butyl-1-methyl-2-phenyl-1H-indole-5-carboxylate (3t): this isomer can be separated
and mainly got 3t, others are the mixture. From 'H NMR, 3t/3t’=5:1, overall yield: 86%,
yellowish solid. *H NMR (CDCl;, 400 MHz): § 8.41 (s, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.52-7.43 (m,
3H), 7.39 (d, /= 7.2 Hz, 2H), 7.32 (d, J = 8.8 Hz, 1H), 3.96 (s, 3H), 3.59 (s, 3H), 2.72 (d, /= 8.0
Hz, 2H), 1.66-1.57 (s, 2H), 1.35-1.27 (s, 2H), 0.84 (d, J = 7.6 Hz, 3H); *C NMR (CDCl;, 100
MHz): 6 168.5, 139.7, 139.0, 131.8, 136.9, 130.7, 128.6, 128.3, 127.5, 123.1, 122.3, 121.0,
115.6, 109.0, 51.9, 33.7, 31.1, 24.3, 22.8, 14.0; HRMS (ESI): found: 322.1796, calcd. for
Cy1H24NO, ([M+H]"): 322.1807.

Ph
MeO
A\ Ph
MeO N
\—Ph

5,6-dimethoxy-1-methyl-2,3-diphenyl-1H-indole (3u): 53% yield, yellow solid. "H NMR (CDCls,
400 MHz): 6 7.33-7.18 (m, 14H), 7.00 (d, J = 7.2 Hz, 2H), 6.69 (s, 1H), 5.23 (s, 2H), 3.90 (s, 3H),
3.81 (s, 3H); C NMR (CDCls, 100 MHz): 6 147.4, 145.9, 138.2, 136.6, 135.6, 132.2, 131.6,
131.2,129.9, 128.8, 128.5, 128.4, 128.0, 127.3, 126.3, 125.6, 120.3, 115.6, 101.6, 94.2, 56.6,
56.5, 47.9; HRMS (ESI): found: 420.1958, calcd. for C,oH,6NO, ([M+H]"): 420.1964.
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OMe Ph

MeO
N\ Ph
N
\\Ph

4,5-dimethoxy-1-methyl-2,3-diphenyl-1H-indole (3u’): 27% vyield, yellowish solid. *H NMR
(CDCl3, 400 MHz): & 7.35 (d, J = 6.8 Hz, 2H), 7.30-7.13 (m, 11H), 7.03 (d, J = 6.8 Hz, 2H), 6.92
(s, 2H), 5.24 (s, 2H), 3.89 (s, 3H), 3.37 (s, 3H); *C NMR (CDCl;, 100 MHz): & 146.4, 143.1,
139.2, 138.3, 135.5, 134.4, 131.8, 131.6, 131.2, 128.8, 128.3, 128.1, 127.3, 127.1, 126.3,
125.6, 121.7, 115.2, 111.5, 105.9, 61.2, 58.4, 48.1; HRMS (ESI): found: 420.1968, calcd. for
CasH2NO, ([M+H]Y): 420.1964.

Ph Ph

1,2-diphenyl-5,6-dihydro-4H-pyrrolo[3,2, 1-ijlquinoline (3v)'*: 65% vyield, yellow solid. ‘H
NMR (CDCls, 300 MHz): § 7.62 (d, J = 8.1 Hz, 1H), 7.35-7.24 (m, 9H), 7.18 -7.12 (m, 1H), 7.08
(d, J=7.5Hz, 1H), 6.99 (d, J = 7.2 Hz, 1H), 4.08 (t, J = 5.7 Hz, 2H), 3.05 (t, / = 6.0 Hz, 2H), 2.23
(t, J=6.0 Hz, 2H); 3¢ NMR (CDCl3, 75 MHz): 6 136.1, 135.7, 134.5, 131.9, 130.9, 129.8, 128.5,
128.3, 128.0, 125.5, 125.1, 122.2, 120.4, 119.3, 117.2, 114.6, 43.3, 25.2, 23.1; HRMS (ESI):
found: 310.1589, calcd. for C,3H,oN ([M+H]"): 310.1596.

20,8-dihydro-1,2-diphenyl-7H-Dibenz[cd, h]azulene (3w): 89% yield, yellow solid. '"H NMR
(CDCls, 300 MHz): & 7.53-7.50 (m, 1H), 7.37-7.26 (m, 6H), 7.19-7.00 (m, 8H), 6.84-6.80 (m,
1H), 6.56-6.53 (m, 1H), 3.42-3.28 (m, 4H); *C NMR (CDCls, 75 MHz): § 139.7, 137.4, 137.3,
137.1, 134.9, 132.5, 131.0, 130.5, 130.0, 129.3, 128.4, 128.3, 127.9, 127.2, 127.0, 126.4,
125.9, 125.0, 124.4, 121.0, 120.5, 117.6, 34.4, 33.6; HRMS (ESI): found: 372.1753, calcd. for
CagH2oN ([M+H]'): 372.1752.

OMe

(O
T (o

\
methyl 2,3-bis(4-methoxyphenyl)-1-methyl-1H-indole-5-carboxylate (3X): 70% yield, yellow
solid. "H NMR (CDCl;, 400 MHz): & 8.47 (d, J = 1.6 Hz, 1H), 7.97 (dd, J = 8.8, 1.6 Hz, 1H), 7.35
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(d,J = 8.4 Hz, 1H), 7.21 (d, J = 8.8 Hz, 4H), 6.90 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 3.90
(s, 3H), 3.81 (s, 3H), 3.78 (s, 3H), 3.64 (s, 3H); >C NMR (CDCl;, 75 MHz): § 168.4, 159.6, 157.9,
139.6, 138.6, 132.3, 131.0, 127.0, 126.9, 123.6, 123.4, 122.6, 122.0, 115.9, 114.1, 114.0,
109.2, 55.3, 55.3, 51.9, 31.1; HRMS (ESI): found: 402.1712, calcd. for CysHpNO, ([M+H]"):
402.1705.
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Debenzylation of the indole product™

Ph Ph
N—pn  _t-BUuOK DMSO_ N\ pp,
N Oa, rt N
) H

Ph

To an indole product 3e (0.3mmol, 107.8 mg) in 10 mL DMSO, t-BuOK (1.5 mmol, 168.0 mg)
was added slowly at rt under O,. The reaction mixture was stirred at rt for 5 h. Solvent was
removed by high vacuum evaporation, and the residue was purified by silica gel flash
chromatography using petroleum ether/EtOAc (20:1) to afford NH indole product 4a.

N

H
2,3-diphenyl-1H-indole (4a)'®: 93% vyield, white solid. '"H NMR (CDCl;, 400 MHz): & 8.27 (s,
1H), 7.73 (d, J = 8.0 Hz, 1H), 7.50-7.27 (m, 12H), 7.18 (td, J = 8.0, 0.6 Hz, 1H); *C NMR (CDCls,
100 MHz): § 136.0, 135.2, 134.2, 132.8, 130.3, 128.9, 128.8, 128.7, 128.3, 127.8, 126.4, 122.8,

120.6, 119.8, 115.2, 111.0. HRMS (ESI): found: 270.1276, calcd. for CyHigN ([M+H]"):
270.1283.
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Mechanistic Experiments

Competing experiments

I\I/Ie
N Ph Ph
/©/ " " standard conditions " Me0C
Ve || standard con ||ons> N\ pp, . N b
10eqU|v Me * N N
Me Me
MeOZC

2.2 : 1
1.0 equiv
Ar
Me Ar Ph MeO,C MeOZC
,{,\ standard condltlons
AT
Ar = p-MeO-Ph
MeO,C Ar Ph 0%
% 33%
1.0 equiv 1.0 equiv 1.0 equiv o1 ] ]

The reactions were carried out as described above for the General Procedure for the
Nitroso Directed Indole Synthesis via Rh(lll)-Catalyzed C-H Activation. The above

ratio is calculated using the isolated yield (for the NMR data of this OMe-indole product,
see above 3x).

Reversibility of triazene cyclorhodation

H 'Yle H(D) I\I/Ie
* N
Nivo _[RhCp*(OAc), - “NO
d,-MeOH, 90°C
Me H , Me HD) 79% (21%)

The reactions were carried out as described above for the General Procedure for
Rh(lll)-Catalyzed C-H Activation/Cyclization directed by N-nitrosoamine. After 22.5 h, the
residue was subjected to "H NMR analysis, the results of which are shown as above.
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Deuterium Kinetic isotope effect (DKIE) measurements

Ph Ph
' Ph o
NG standard condltlons> N__pp
©/ NO + | | K’I4N/15N =1.05 N\15\
Ph Ph
Ph H(D)
H(D) r Ph (D)H A
D)H N standard conditions
(D) ~ A\
NO + || . Ph
CD3OD vs H substrate (D)H N
H(D) KH/D =3.18

A sample experiment was carried out as the following: Nitroso aniline 1e (31.8 mg, 0.15
mmol; or 1e’: 32.0 mg, 0.15 mmol), [RhCp*(OAc),] (4.0 mg, 8% equiv), diphenylacetylene
(35.0 mg, 0.195 mmol) were weighed into two vials containing a stir bar and fitted with a
cap lined with a septa. MeOH (3 mL, for N15-amine 1e’ d4- methanol was used) was
quickly added via a syringe and the vial was capped and put into an oil bath (110 °C) to
react for 2.5 h. After reaction, 1,3,5-trimethoxybenzene (25.2mg, 0.15 mmol) was added
as an internal standard. Then the mixture was subjected to "HNMR.

For Ky/p, the procedure is same as above. After the reaction, no internal standard was
added. The H and D reactions were combined and a quick flash column was performed,
mainly to remove the remaining N-nitroso aniline starting material (the residual
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diphenylethyne doesn’t affect the results). The mixture was subjected to "HNMR

analysis.

The isotope effect Ky4n/1sn Was calculated as 1.05.
The isotope effect Kyp was calculated as 3.18.
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NMR Spectra Images of Nitroso Substrates and Products
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Ph

ZN

“NO

HAME
i

7]
PROCHD

speeCt
5 mm FADUL 13C

z2gpgdd

258

CBELS

ug 1]

o3 Q
OHH 19453.178 Hz
DRES 0.394885 Hz

0, 8405402 seo
Bz

298.3 K
200000000 seo
Q03000000 seo

1

= CHANHEL £l mmmmmme-
1ic

80 usec
PL1 -1.10
PLLM 38, 18405151 #
SRO1 T5.4752953 MH:z
ssss=s== CHANNEL f2
CPDFRGE walt

09T =

i

3.2305,

—141.830

1e

. A I
T T T T T T
7 6 5 2 1 0 ppm

J
2 2
: g

wem-7-4

300M

EELLE :
ANNGREE T g
N/

Ph

Z

"NO

1e

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T T
100 80

27162
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current Data Parameters
HEME won-6-1
EXENT
PROCHD

FZ - ACquisition PAramaters
Date_ 20130411
Tine 10.33
INETRIM spect
ROMD 5 rm BROBD BB-
ROG :“JH

BALVENT ool

K3 ]

o5 2

Sl B012.820 Hx

FIBRE 0, 122266 Ha

A 4.0854966 sac

RiG

oW

o

™= 205,31 K

ol 1.0000M000 aac
=== CHAWMEL f] =msssss=s

r1 16,00 wase

PLHL 1200000008 W

5701 400, 1376008 MHz

FZ - Frocessing parameters
51

G3dg
400, 1300003 MHz
BN

Ta27
= T ADE

-~
7

—— a4

— 239

=—

1f

“NO

o
0.30 Hz
[}
1.00
S J . o~ - 1
T T T T T T
10 9 5 4 3 2 1 0 ppm
ol ed ] 0
- 4 w w
Carrent Data Parameters sr 2 = = =
HAHE o F-101 32 3 o] - b
EXPHY H
- : .
FZ - Acquisitien Pa
Date_ 01
TARSTROM spact
FRARID FAERD BB
FULFRIG 2apgan
™ B5536
SOLVENT COEi3
s 4T
oS ]
) 24028,461 Bz
FIDRES 0. 366736 HI
1.3231326 sec
G 155,74 I
o PRy T—
] 6,50 upeo
= 0 E N
ol 200000800 sec -
[ 0-03000000 zac NO
S —
1%
10,00 uses
5600000000 W
1086226253 iz 1f
CHANKEL 13
walt:
80,60 Lees
12.00000000 M
0.42180001 M
0.27000001 M
400.1316005 HHz
FZ - Prosessing parareters
E 3
&F 100,6127328 HHZ
W B
s u
13 1.00 Bz
=] ]
EC 140
L
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 8O VO 60 S50 40 30 20 10 ppm
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Ccurrent Data Farameters
HAME 3

HSolwvent:LUULS

3640
3835
3.832
3623
3429
3423

3420
3417

wan-6-113
EXFHD 1
FROCHC 1
F2 - Aoguisition Paraneters
Date_ 20130416
Time 9.46
STRUM spEct
FROBHD 5 ma PAERD BB
FULERCG 2q30
™ 63536
SOLVENT oD
B§ ] N
5] 2 -
3; 8012.0820 Hz NO
FIDRES 0.122266 Hz
AQ 1.0894965 sec
EG s,
oW 62,900 umec
: e Meom
B 296.1 K
oL 1.00000000 Sec g
memmewme CHANMEL {1 =s=smmes
B ]
el 15,00 s
PLWL 12,00000000 W
SFOL AD0.1325008 MEz
Fi - Processing pacameters
5T 65536
55 4001300101 Miz
WA EH
558 [
LE 0.30 Hz
6B ]
BC 1.08
i L i
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
ped = ty . =
- “ ,' % ~
o n 2 o o
a2 = por i a
N
NO
MeQ 1
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 S50 40 30 20 10 0 ppm
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Cursent Data Parameters WW
HAHE wem=E=116

1
FROCHD 1

F2 - Acquisition Parametecs

s 20130418

Tima 10.11
INSTR spact
FROEHD 5 mm BABED SE-
FULFROG =g

™o 65536
SOLVENT oc13

=]

a3 H

EWH

FIDRES

Fod

RG .

) 62,400 vasc
oE E.50 usac
= 2052 K

ol 1. 00000000 =ec

£l -

- CHAWNEL

5

15.00 usae
1204000000 W
A00. 1326008 HHz

Fi - Processing paraseters
81 G536

57 400.1300097 MHz
woW EN
558 4

L3 0.3 Kz
8 o

1 1.00

Solvent:UDULS

35

“NO

1h

10 9 8 7 6 5 4 3 2 1
L 8
= led o
8§33 s
k) ] R 4
e} g fiji pae} 2
N
“NO
F
1h
T T T T T T T T T T T T T T T T T T T T T T
200 1%0 180 170 160 4150 140 430 120 1410 100 90 &0 TO 60 SO0 40 IO 20 10 0 ppm
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3.424
3.417
3.412

MAME  wem-g111
EXFNG 1
BROCHG
Date_
Tima
METRUM ot
i e hi"le
SOLWENT  CDCS
Br. N
2223 605 Hr NO
0125423 ¢
29048397 sac
109.25
B8 usac
650 usac
235 2K
100000000 520 1
[ T Y p—
NG 1H
B 15.00 usac
5 65535
ZE 4p01300100 Mz
Wow EM
558 0
] 030K
o
BS 1.00
|
J “
JAL R A A
T T T T T T T T T T
10 9 B 7 53 5 4 3 2 1 0 ppm
I .|L\ s
G =}
[ Y] =3
oledl— o«
T+ W WO
MAME  womo-il bz:d 32
seo 2 H O 82HyY g
L =R R -
b= zopnce 9 88N =
BROSAD smm BAGE0 B2 Y.
PULPROG  2gpga0 VRV
™ &5
SOLVENT  CDOS
NS o
3 &
H 4038 451
FDRES  03sea
] 13531988 38
g\% zﬂ%%usc M
= 0 usac e
2957 K |
D1 20000000088 Br
Bit 003000000 53¢ “NO
] pu—
WG 130
i 10.00 usac
=) 3z7ad
S DBIZETEME
wow £
558 ] .
I 100 HE 1i
G2 [
ES 140
T T T T T T T T T T T
200 180 160 140 120 100 80 B0 40 20 ppm
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wem-6-110-again

Eruker 400M <CDC13
?T P " "
Y |
N.
NO
MeO,C
1]
- - - . I
T T T T T T T T T T T
10 9 ] 7 6 5 4 3 2 1 0 ppm
- g 2
& =1 @ @
- o o o

rant Dnks Pacssetars
E wen-6-110 13c_again
0 z
EROCHA X

— 166

F2 - Remoimstion B
[ 20

Time 10,33
HETRAM apeet
DROGAL  © rwe BARDS RE-
PULPRAG

e

Bl 0030

00 mas

CHANKEL 1 =
13c

107 0A
5600000000
1006226243

CEANFEL L2 =
waltzlé
18

1200000000 ¥
0.47188001 ¥
0, 27000001 ¥
an0.13LE00Y Mz

Proceazing pa.

131.13
=—128.58
—117.%

MeO,C

100,61
0

15 1.00 He

=1 o

PC 1.40

T T T T T T T T T T T T T T T T T T T T T T

200 190 180 170 160

150 140 130 120
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le0ie—
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EPEOL
191 LL—>
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1957217
AN
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0
SOLVENT ool
1€
2
SHH B213.EBS HE
FIDRIZ 0.1254B3 Hz
R 3.9846387 sac
G 57,04
o ED. 500 usac
£.50 uzac
TZ 1%.7 K
ol 1. 00200000 sac

PR %) 1% TS R —
HUCL 1H
1 15,00 usac

336
00.1300156 MAZ

Zw=

=0

- ,__al . - - _/‘Uﬂ¢n\’r\¥. i A l

T T T T T T T T T T T T
10 9 2 7 6 5 1 3 2 1 0 oo

AV VA

=) el o

2 = oo fon -

{=] f=] =] =]

I o = cal

.09

——— 31,38

T
IHETAIM
PROBHE
PULFROG

™
SCLVENT
na

ST
FIDRES

1K
noe00g aeo
000000 Sas 1'

na

£ mm—

130

1 10, 00 uges
56, 00000000 W

L00.E225223 Mz

0, 27000001
aF0z 400.13LE00% MEz

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 17120 110 100 90 @80 70 60 50 40 30 20 10 0 ppm
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Current Data Paraneters

HAHE: wim- 152
EXFHD 1 W W
FROCHD 1

7007
7200
7275
7286
7247
72%0
7185
7180
7101
7081
6908
6902
6005
680
6859
6837

— 5215

_ 3875

3851

FI - Aoquisition Parameters
Date_ 2013

Tine 3.
THSTRIM apsct:
FAOEHD 5 nn PAES0 BE-
FULEROG 2930

2]

FIDRES

g

2 Ph

= 62,400 uasc

LE £.50 usac

TE o

oL 1.00000000 se= MeO N

“NO

15.00 uaec

11.00d00000 W
400.132e008 MHZ
MeO

Processing parametars
e
3

5536 1
1nn.130r.1.£.* HH= m
o
030 Bz
o
1.00
W i WL |
T T T T T T T T T T T
10 9 8 & 5 3 2 1 0 ppm

s %

-w - Toow

rE R &7 a9 L]

LY PR S - =
Current Data Paranseters *3 o ocara e a2 ey -
HAME 32 ] ik g A2 2 E: L
PRcc i Ilh'l lllll ll\'ll | V |
PROCHT: 1 ! |

F2 - fequisition Parameters
Date_ 2013071

15,13
INSTRIH apect
PROSHD % rn PABSO BE-
PULEROG sgpadld
™0

1
20.B00 uzec
. £.50 uams M E'O N -
2.00000000 nec NO

0. 03000000 B

= CHAKMEL £l mesmsmme
T

26, 00000008 MeaOQ

L6b. 6224233 HBs

1m

= CHRMHEL
18
1B
S0.00 uee
Lx. 0000G006 W
Az1aEOOL W

0, 2TONOBOL W
JAZLED0E BME:

T
10 0 ppm

=
S
g_
8
8
]
2

T T T T T T T T T T T T
2000 190 180 170 160 150 140 130 120 110 100 90
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wan-7-100
1

1

26130715
19,13

spect

5 ma FADUL 13C
=9

63536

ChC13

2

o
5995.204 Mz
0. 091480 He

T1.8
83,200 wme
6,50 mme
294.7 K
2.00000000 sec
1

CHANNEL f] =mmm=ms

Ac

=

“NO

3.450
3445

2624
2620

<
=

HOC1 1B
BL 11.28 use 1in
PL1 0.00 dB
PL1W B, 314344941 ™
SFO1 300,1318458 MHEz
3L 32768
ar 300.1300062 HE:
W EM
S5B o
LB 0.30 Hz
aE [
BPC 1.00
‘ . | .
T T T T T T T T T T T
10 L] 7 ] 5 4q 3 2 1 0 ppm
] = 8
[ o o
g § ﬁ g § wem-7-100 EE
P~ i u g @ :
=2 « £ = B &
NAME wem-T-100
nAME  woh | N
PROCNO 1
Data_ 30715
Time. 19.16
INSTRUM spect
FOBHD £ mm PADUL 180
%LPHDG =il
SOLVENT coci3
NS
oS5 ]
SWH 18483.178 Mz
FIDRES  0U5S485 Hr N.‘
AQ 05405482 sec
RG 1024 NO
oW 25650 usec
DE .50 uses
'II"E N 2851 K
L D0000000 sac
D11 0.03000000 sec: Ac
1
1n
= CHANNEL 11
130
L] LE
L1 -1,10 g8
PLIW /IS0 W
SFO1 TEATS2953 MHz
mmssmmss CHANNEL 12 ssmsssss
CPDPAGZ  wallzif
NUCZ 1H
PCPOZ &0,00 usec
PLZ 0.00 dB
PLIZ 16.85 dB
PLIZ 16,85 4B
B W
PLIZW QAT172200
pLITW 0477280 W
SFOZ 3001312005 MHz
81 TR
&F TEABTTA24 MiHz
WD EM
558 -]
LE 1.00 Hz
Ge o
PC 140
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 @80 70 60 50 40 30 20 10 0 ppm
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sSolvent :UDULS

374

Current Data Parameters
HANE [

cr-E-31
EXFHO 1
EROCHD 1

P2 - Boquisition Pacameters
8 2013032

11,11

spect
% nn PABEO BA-
=a 3l
65536
CRCL3

A L
ey

o EETS
OE I usec
LE EFG.6 B

o1 1. 00000000 sec
e CHRHHEL £1 ——
HUCL

Fl i usee
FLML 12,00 o0 W
SOl 4091326008 HIz

F? = Processing parametera

21
BF 400.1300100 HHz
WM EH
o, 30 Az
l.00
LJV\I(_ |
T T T T T T T
10 a9 8 7 B 5 4
8 88 8
= 7= =

Cursent Data Parsswbers
HANE e Be il
EXPHD 2
FROCHD 1

a
24035461 Hz
0.366788 He
1. 3631380 sec
195,79

07,3 M
2.00000000 swc
0.03000000 sec

CHRMEL £1

we
ETH 400. 1316005 iz
F2 - Procesalig pararstees
51 32760

5F 100, 6127420 MHz
WTH EH

s5m ]

LE 1,00 Hz
QB 0

s 1.40

1.06

T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
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Current Dats Paransters
HAME 58

=143
EXPHD 1
PROCHD 1
F2 - Roguisition Pacamel
Date_ 20130514
Tima 14.04
IHSTRIM spaet
PROBHD & mm EAEBO BB-
PULFROG zgig
0 BES1E
SOLVENT <Ol
H3 i
oz 2
SMH
FIGRES 0.122260
A 4, 0B9E3G6
RG 97,04
oW 62,400
oE 50
1E 286, 6
n 100000000
mmmmmm CHANHEL 1
NOCL E]
F1 15,00
PLW1 1200000000
SFO1 400, 1326008

¥2 - Procassing pacanat:
51 6553

I 400, 1300105
WOW EN
55B ]

9:] 0,39
G

e 100

281
235
215
199
198
81
87
164
4,191
4.173

4,155
4137

<

1.334
1.8
1.208

<i

Ph

\
3p Et

l

10 9 8 7 6 5 4 2 1 0 ppm
Eess g g
NS\ |
Ph
N—pn
\
3n Et
- - H“ " - . - ARSS—

T T T T T T

T
200 190 180 170 160 150 140

T T T T T

130 120 110 100 90
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L=

Current Data Parameters
HAME womsfi=145

EAPHD
FROCHD

F2 - Requisiticn Paranetsr
20130515
11,24

2
BOLZ_B20 Hz
0.122266 Hz

4. 0804366 se
T

39/62

04
E2, 400 us
6,50 us
TE 297.3 K
oL L.00000000 se
........ ERAREET) 1,
HDEL 1R
Pl 15,00 us
FLW1 1Z.00000000 W
=331 400.13260028 MH
¥F2 - Processicg pACATALeCS
51 55
3F 400.1300075 MH
WOW EH
=B a
LB 0,30 Hz
=] a
BC 1,40
.l.i_Jl'll/l.__ l [T |1 I
T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
ELELLE & E
SIS eded e - -1
g &
Ph
N—ph
3c _m
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10 O ppm



Current Data Faranetes
HAHE wemn=T
EXFH0

5
1
1
PROCHD 1

- Roquisition Faramete
k. 2013052

Ph

Ph

3d

ol 1. G0BA0ED o

e CHAMBEL (1 —

1
PLN1 12. a0

T
10 9 8 6 5 4 3 2 1 0 ppm

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20 10 0 ppm
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O o wen-7-30

WD M e O 1

LR X-
-

5.321

k-l:n_\-__h_h:-:_ __t — |

1
20130605
17.01

iz
5 Tm PREBC

. i
4,0894966 =
109,25

2.400

\ Ph ni 1. ucuﬂcz‘l-.'fi :ec

—mm CHAHNEL £1
N

0.,1300038
3e Ph 00,1 o ¥

Q
.30 Ha

1.00

-1 —|
o
n
S
o
B —|
[

14 L] g 0 ppm

= e [eu =

— o |y {=]

= -=+||= =3

— o |ed o

wen=1-30 ST S MU D e

Tz s s e B =T W R T o = W Ty AT e T ) =)
z 1 e O D U e 0 o [ LY o L ™
20130603 00 B0 [~ L e el D00 00 G0 [ C- A3 L D T S .
17.03 R R R R N T e e s N N e e ] r-
R R R ™ = I i e e Il el e R -

B f . L s

1
24038, 461 Hz
0.3EETEE HT
1.3631

185.7
20500 usa Ph
E.ED uza
4K
2.00200000 sac

0.03200000 sac \ Ph

e CHENHEL £l mmmmn

¥uCL 130
71 10.00 usac
32763 N
100.€127386 ME: L
WO ™
358 ] 3e Ph
LE o0 Hz
cE i
7C 1.40
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F.5a2
T 406
7.394
7391
7378
7346
7340
7.320
7.308
7304
7.287
7267
T
702
7196
7.185
761
T4
705
3671
2491

HAME wen-g-1:

EXFHD
PROCHO

F2 = Arquinition Daras
Data_ 2013051
Tine

INSTROM
P
PULPROG
™

Ph

SOLVENT
W3

05

Wl
FIRRSS

206,
Bl 1.000000¢ 3f
-------- CHANHEL f1 ==

15.1
PLNL 12.0000000
5¥01 400, 132600

s
5F A00. 130010
i

La 0.
BC 1.0

T
10 9 8 7 6 5 4 3 2 1 0 ppm

—.11
I1.68

Ph

3f

T

T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10 O ppm
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wem-—€-144

I
\.a. Ph
MeO
N—ph
: \
_ 3g
I 1
10 s : § : i : > ! o pem
| i .|,
Ph
MeO
N—rpn
W w 39

T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 O ppm
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7317
7.507

hl

]
7.
747
7.226
7.205
7194
7987
7479
7arz
7067
7.157
7,950
7937
7.064
7058
T
7.0E5
ERE]
.03
L ER3

Current Dats Paramaters
HAME weR-6-150

Ph

F2 - Aoguisition Parenster
o

20030

Date
Timg
THITRUM
FROBED
FULFRG

TR
SOLVENT

2
SHH 3u12\:§2.: Hz
FIDRES 122266 Nz
AQ 4-%?{26? e 3h

mmmmmmme CHANHEL f1 s=mmmm=
HOC1 1H
PL 12,40 us
PLW1 12, 00000040 W
SF01 400.1326008 MU

F2 - PECORAILLG PREAIMTAES
[

T T T T T
10 9

a8
3,29

— 180,01

Ph

3h

|| |.||L 1|| ) L " L "

T T T T T T T T T T T T T T

T T T T
200 190 180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0 ppm
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__—a.gar
T—3.eET

aneLers
an--151
1

1

F2 - Aoquisition Parametecs
2013060:

Date, 4

ot e Ph Br  pp
THITALH spact

FROEHD 5 mn FABRO BB-

PULFROG 2330

SOLVENT 3;3 '3.? \ \

i 2 Ph Ph

2012, 820

Br N N
3i 3r

15.00 uzac
12. 00000000 W
A00. 1326008 HHz
F2 = Processing paranctars
]
SF 400.1300086 HHz
EM
558 o
L 0,30 Hz

B @
e 1.00

Ph Br pp

\ph \Ph

LML I

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 S50 40 30 20 10 0 ppm
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548
044
w7
434
412
404
Sl
334
324
Ll
3
=38
226
213
— 3841
——a7as

Current Data Parameters
HAME wom-T-

EXEH
PROCTH 1

FZ - Acquisitio

Date 1
Tim= + L
5 mm PABBG BE MeO,C
_-t;.‘. a \
et Ph

IHSTRI
PROBHD

296,00 K
1 1.00000000 580
CHANHEL f1 sss=ss=s

1]

15.00 use
12, 00000000 W
3FO1 400, 1326008 MHz

FZ - Frocessing paraneters
S1 B5516

SF 400,13000%3 Mz
WOH M

358 [

La 0.30 Hz
=) [

PC 1.00

3 2 1 0 ppm

1EE. 31
51,94
.28

MeQ,C

" H‘ L

T T T T T T T T T T T T T T T T T T T T T T
200 190 18O 170 160 150 140 130 120 110 00 HO0O BO VO B0 S50 40 30 20 W0 O ppm
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Current Dstas Parameters
wemsT 1

HANE 38
EXPHO 1
EROCHD 1

F2 - hoquimitiaon Parametsrs
Date_ ZL30G6L
Tin 16,51

IN3TRUH Spack
EROGHD % mm PABEO BE-
FIULFROG =30

T 69536
SOLVENT €pCll

HE 8

o3 1

] 2012.820 Hr
FIDRES 0, 122266 Hz
gy 4. DBI06E sec
B 71,34

o 62,400 usac
OE £.50 usal
TE 2868 K
o1 1.00000000 sec

B30S
B302
787

7875

-
- TaF

7.857
7854
e . 1

OULWELLL L

— 3835
— k88
2810

o1

e

73

756

737

Et
MeO,C
Et

Fl .00 ussc
FLWL 2.00000000 W
sroL 1326008 HE:
F2 - Processing paramstars
51 5536
SF 400.1300100 ME:z
oW EH
=58 o
LB 0.30 Bz
i o
[ 1.00

T T T T T T T T T T

10 9 8 7 5 4 3 2 1 0 ppm

Bl 8 L. H
I=i - - o3| ol L o
Et
MeO,C
Et
3k
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 120 110 100 90 @80 7O 60 50 40 30 20 10 O ppm
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Ll i)
HAME wem-T-4z o
EXPHD ©d 380 O
PROCHD 1 e
Date_ 20130618 0 B0 i =
Tame 16.03

THSTRUN spect

PROBAD 5 am PREEC EE-

POLPROG

10 62336

aorverT ==

HE 16

ng 2

LT B213_EA5 Hz

FIDREE 0.125383 Hz

AQ 3, PRAEAT ze:

BE §T.2%

o 60.800 um

[ &.50 um

1E 295.6 K

oL 1.00080000 e

CHRNNEL £1 =

7.855
T.851

T.241
T.219

<

Me0Q,C
Pr

3

[P
T T T T T T T T T T T
10 ] 8 7 é 5 4 3 2 1 0 pem
= x| | [ o f=i (o] L]
uy r- oy {=-1a =] - — e
(= o oy s l=] oy < L]
=l e I cillm o s mles
g g %A ]
g ] 38 7
Pr
MeO,C
N Pr
3l
—— 4 Lenko N | , |
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 0O ppm
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HAME
EXFRO
FROCHD

Tine
THSTROM
FROBAD
FULPROG

™
SOLVENT
K5
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