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1. General information:

All reactions were carried out under an atmosphere of oxygen unless otherwise noted. Column
chromatography was performed using silica gel (200-300 mesh). '"H NMR and '*C NMR spectra
were recorded on Bruker-AV (400 and 100 MHz, respectively) instrument using CDCl3 as solvent
and TMS as an internal standard. Mass spectra were measured on Agilent 5975 GC-MS
instrument (EI). High-resolution mass spectra were recorded at Keecloud (Shanghai)
Biotechnology co. LTD. HRMS was conducted using electrospraying ionization (ESI) and was
performed on a Thermo Scientific LTQ Orbitrap XL. The structures of known compounds were
further corroborated by comparing their 'H NMR, *C NMR data and MS data with those of

literature. Reagents were used as received or prepared by our laboratory.

2. Table S1. Optimization of the reaction conditions®

Me

0 (0] catalyst

/04 P o gy A OH addives Cn

Me 0, N” “Ph
1a 2a 3a sa Ph
entry  amine iodine solvent yield?
catalyst additive

1 toluene 0
2 KI toluene <10
3 Al KI toluene 55
4 A2 KI toluene 62
5 A3 KI toluene 54
6 A4 KI toluene 27
7 A5 KI toluene 12
8 A6 KI toluene 36
9¢ A2 KI toluene 45
10 A2 Nal toluene 60
11 A2 NH4I toluene 39
12 A2 L toluene 43
13 A2 NIS toluene 49
144 A2 KI toluene 53
15 A2 KI PhCF; 38
16 A2 KI 1,2-DCE <10
17 A2 KI PhCl 0
18 A2 KI DMSO 0
19¢ A2 KI toluene 39
20/ A2 KI toluene 46
21¢ A2 KI toluene 0
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22h A2 KI toluene 62
¢ Conditions: 1a (0.3 mmol), 2a (0.2 mmol), 3a (0.25 mmol), Amine cat. (20 mol %), lodine add. (20
mol %), DMSO (2.0 equiv), solvent (0.1 M), 150 °C, 12 h, under oxygen, in a 20 mL sealed tube. * Isolated
yields based on 2a. ¢ A2 (10 mol %). ¢ KI (10 mol %). ¢ DMSO (1.0 equiv.).” DMSO (3.0 equiv.). € Under
argon. 24 h.

DRCHGHGNAN®
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3. Scheme S1.Control experiments

cyclic ketone o
1 conditions
+ OH ——  product
NH, Ph)lv
Ph” 3a
2a
cyclic ketones product
o : Me conditions A . Me conditions B
Cn,, o Co
N” “Ph : NZ ~Ph
\ ]
Me ' ﬁh ! Ph
1a v (a) 4a', <10% i (b) 4a, 62%
o Me conditions A Me conditions B
Me Me
[\ : )\
N” “Ph ; N? Ph
ME Me ! Ph : Ph
1l ©(c) 4r, <10% bo(d) 41, 24%P

Conditions A: 2a (0.2 mmol), cyclic ketone (0.3 mmol), 3a (0.25 mmol), morpholine (20 mol %), toluene
(0.1 M), 150 °C, 12 h under argon, in a 20 mL sealed tube. Product was determined by GC-MS. conditions B:

standard conditions. Isolated yields based on 2a. * DMSO (1.0 equiv.).
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Me
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4. Materials Preparation

0 0 DMSO/H,0 o)
HTIB OT 1:2 OH
N L L B N, S CE N
MeCN MeCN
100 °C, 8-12 h 100 °C, 8-12 h

Substrates a-hydroxyketones 3 were prepared according to the literature.[!! the mixture of
acetophenone (2.0 mmol) and HTIB (2.4 mmol) in acetonitrile (15 mL) was heated at 100 °C for
10 h. Then 12 mL of DMSO/H,0 (1:2) was added and the mixture was stirred at 100 °C for 10 h.
After removal of acetonitrile under reduced pressure, the aqueous phase was extracted with EtOAc.
The combined organic extracts were concentrated under reduced pressure. The resulting residue
was then dissolved in ethyl acetate, washed with H>O, and dried over MgSOs. The solvent was
evaporated off and the residue was purified by chromatography on silica gel (petroleum

ether/ethyl acetate = 10:1) to afforded substrate 3.

5. General procedure (4a):

A 20 mL oven-dried reaction vessel was charged with KI (6.6 mg, 20 mol %),
4-methylcyclohexanone 1a (37.6 pL, 0.3 mmol) and a-hydroxyacetophenone 3a (34.7 mg, 0.25
mmol). The reaction vessel was purged with oxygen for three times and was added aniline 2a
(18.2 pL, 0.2 mmol), morpholine (3.5 pL, 20 mol %), DMSO (28.4 uL, 0.4 mmol) and toluene
(2.0 mL) by syringe. The sealed vessel was stirred at 150 °C for 12 h. After cooling to room
temperature, the volatiles were removed under reduced pressure. The residue was purified by
column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, Rr = 0.48) to give the

desired product 4a as a white solid (35.1 mg, 62% yield), mp = 149-151 °C.

6. Characterization data of products
5-Methyl-1,2-diphenyl-1H-indole (4a, Cas: 1131890-87-3) [,

Me
N
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'H NMR (400 MHz, CDCls, ppm) & 7.46 (s, 1H), 7.41-7.37 (m, 2H), 7.34-7.30 (m, 1H), 7.25-7.17
(m, 8H), 7.00 (dd, J = 8.4, 1.3 Hz, 1H), 6.72 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100 MHz,
CDCls, ppm) 6 140.7, 138.7, 137.5, 132.6, 129.9, 129.2, 128.8, 128.5, 128.1, 127.9, 127.1, 127.0,

123.9, 120.2, 110.3, 103.3, 21.4; MS (EI) m/z (%) 283 (100), 267, 165, 134, 77.

5-Ethyl-1,2-diphenyl-1H-indole (4b).

Et
N

4-Ethylcyclohexanone 1b (42.3 pL, 0.3 mmol), aniline 2a (182 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/Et;N = 100:0.5, R¢= 0.50)
to afford 29.7 mg of 4b as a white solid in 50% yield, mp = 108-110 °C.

"H NMR (400 MHz, CDCl3, ppm) & 7.49 (s, 1H), 7.42-7.36 (m, 2H), 7.34-7.29 (m, 1H), 7.27-7.19
(m, 8H), 7.03 (dd, J= 8.4, 1.6 Hz, 1H), 6.74 (s, 1H), 2.76 (q, J = 7.6 Hz, 2H), 1.30 (t, /= 7.6 Hz,
3H). BC{'H} NMR (100 MHz, CDCls, ppm) J 140.7, 138.7, 137.5, 136.8, 132.6, 129.2, 128.8,
128.4, 128.1, 127.9, 127.1, 127.0, 122.9, 118.9, 110.4, 103.4, 29.0, 16.5; HRMS (ESI) calcd for:

CaoHzoN* (M+H)" 298.1590, found: 298.1595.

1,2-Diphenyl-5-propyl-1H-indole (4c).
0O
b

4-Propylcyclohexanone 1c¢ (46.4 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.70)

to afford 31.1 mg of 4¢ as a white solid in 50% yield, mp = 84-86 °C.
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'H NMR (400 MHz, CDCls, ppm) 8 7.47 (s, 1H), 7.41-7.35 (m, 2H), 7.34-7.30 (m, 1H), 7.27-7.19
(m, 8H), 7.01 (dd, J= 8.4, 1.6 Hz, 1H), 6.74 (s, 1H), 2.75-2.64 (m, 2H), 1.75-1.65 (m, 2H), 0.97 (t,
J = 7.3 Hz, 3H). BC{'H} NMR (100 MHz, CDCL;, ppm) & 140.7, 138.7, 137.6, 135.1, 132.7,
129.2, 128.8, 128.4, 128.1, 127.9, 127.1, 127.0, 1234, 119.6, 110.3, 103.4, 38.1, 25.3, 13.9;

HRMS (ESI) caled for: Co3HoN™ (M+H)*™ 312.1747, found: 312.1749.

5-(tert-Butyl)-1,2-diphenyl-1H-indole (4d).

O
O

4-tert-Butylcyclohexanone 1d (51.8 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.55)
to afford 33.3 mg of 4d as a white solid in 51% yield, mp = 134-136 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.69 (s, 1H), 7.42-7.37 (m, 2H), 7.34-7.21 (m, 10H), 6.77 (s,
1H), 1.41 (s, 9H). *C{'H} NMR (100 MHz, CDCls, ppm) ¢ 143.7, 140.8, 138.7, 137.2, 132.7,
129.2, 128.8, 128.1, 128.0, 127.9, 127.1, 127.0, 120.6, 116.4, 110.1, 103.8, 34.6, 31.9; HRMS

(ESI) caled for: CoqHasN* (M+H)* 326.1903, found: 326.1909.

5-(tert-Pentyl)-1,2-diphenyl-1H-indole (4e).

O
O

4-tert-Pentylcyclohexanone le (54.9 upL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
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was purified by column chromatography on silica gel (petroleum ether/EtzN = 100:0.5, R¢= 0.65)
to afford 37.3 mg of 4e as a white solid in 55% yield, mp = 125-127 °C.

"H NMR (400 MHz, CDCl3, ppm) J 7.63 (s, 1H), 7.42-7.38 (m, 2H), 7.35-7.31 (m, 1H), 7.25-7.18
(m, 9H), 6.77 (s, 1H), 1.72 (q, J = 7.4 Hz, 2H), 1.37 (s, 6H), 0.73 (t, J = 7.4 Hz, 3H). ’C{'H}
NMR (100 MHz, CDCIl3, ppm) ¢ 141.9, 140.6, 138.7, 137.1, 132.7, 129.1, 128.8, 128.1, 128.0,
1279, 127.1, 126.9, 121.1, 117.4, 110.0, 103.8, 37.8, 37.1, 29.0, 9.3; HRMS (ESI) calcd for:

CasHa6N* (M+H)" 340.2060, found: 340.2062.

5-n-Pentyl-1,2-diphenyl-1H-indole (4f).
-0
b

4-n-Pentylcyclohexanone 1f (56.7 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R = 0.50)
to afford 33.2 mg of 4f as a white solid in 49% yield, mp = 67-69 °C.

"H NMR (400 MHz, CDCl3, ppm) J 7.51 (s, 1H), 7.44-7.38 (m, 2H), 7.37-7.31 (m, 1H), 7.29-7.22
(m, 8H), 7.05 (dd, J = 8.4, 1.1 Hz, 1H), 6.77 (s, 1H), 2.78-2.69 (m, 2H), 1.75-1.65 (m, 2H),
1.42-1.34 (m, 4H), 0.96-0.89 (m, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) J 140.7, 138.7,
137.5, 135.3, 132.7, 129.2, 128.8, 128.4, 128.1, 127.9, 127.1, 127.0, 123.4, 119.6, 110.3, 103 .4,

36.0, 32.0, 31.6, 22.6, 14.1; HRMS (ESI) calcd for: CosHagN* (M+H)* 340.2060, found: 340.2062.

Methyl-1,2-diphenyl-1H-indole-5-carboxylate (4g).
0]

O
&
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Methyl-4-oxocyclohexanecarboxylate 1g (46.8 mg, 0.3 mmol), aniline 2a (18.2 puL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:4:0.5, R¢= 0.35) to afford 39.9 mg of 4g as a yellow solid in 61% yield, mp = 153-155 °C.

'"H NMR (400 MHz, CDCls, ppm) 6 8.45 (d, J = 1.2 Hz, 1H), 7.87 (dd, J = 8.7, 1.6 Hz, 1H),
7.45-7.35 (m, 3H), 7.28-7.19 (m, 8H), 6.87 (d, J = 0.5 Hz, 1H), 3.94 (s, 3H). *C{'H} NMR (100
MHz, CDCl;, ppm) 6 168.0, 142.1, 141.2, 137.8, 131.8, 129.4, 128.8, 128.2, 127.9, 127.7, 127.6,
123.6, 123.4, 122.6, 110.2, 104.5, 51.8; HRMS (ESI) calcd for: C2HisNO>* (M+H)" 328.1332,

found: 328.1336.

Ethyl-1,2-diphenyl-1H-indole-5-carboxylate (4h).
0]

O
>

Ethyl-4-oxocyclohexane-carboxylate 1h (47.8 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:4:0.5, Ry = 0.35) to afford 40.9 mg of 4h as a yellow solid in 60% yield, mp = 105-107 °C.

'"H NMR (400 MHz, CDCl3, ppm) ¢ 8.46-8.45 (m, 1H), 7.89-7.87 (m, 1H), 7.45-7.35 (m, 3H),
7.29-7.23 (m, 8H), 6.89-6.85 (m, 1H), 4.41 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H). BC{'H}
NMR (100 MHz, CDCls, ppm) 6 167.5, 142.1, 141.3, 137.9, 131.9, 129.4, 128.9, 128.2, 127.9,
127.7, 127.6, 123.6, 123.3, 123.0, 110.2, 104.5, 60.6, 14.4; HRMS (ESI) calcd for: Ca3H20NO>"

(M+H)" 342.1489, found: 342.1494.

S8



1,2,5-Triphenyl-1H-indole (4i).

4-Phenylcyclohexanone 1i (52.3 mg, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 pL, 2.0 equiv) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =

100:0.5:0.5, Rr = 0.30) to afford 38.6 mg of 4i as a light yellow solid in 56% yield, mp

152-154 °C.

'H NMR (400 MHz, CDCls, ppm) & 7.89 (s, 1H),, 7.68-7.66 (m, 2H), 7.47-7.39 (m, 5H),
7.37-7.31 (m, 3H), 7.30-7.22 (m, 7H), 6.85 (s, 1H). 3C{'H} NMR (100 MHz, CDCL;, ppm) o
142.4, 141.4, 138.5, 138.4, 134.3, 132.4, 129.3, 128.9, 128.7, 128.6, 128.2, 127.9, 127.4, 127.2,
126.4, 122.1, 119.0, 110.8, 104.0; HRMS (ESI) caled for: CagHaN* (M+H)" 346.1590, found:

346.1595.

4-(1,2-Diphenyl-1H-indol-5-yl)phenol (4j).

HO E
\ Q
N

v

4-(4-Hydroxyphenyl)cyclohexanone 1j (57.1 mg, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (28.4 uL, 2.0 equiv) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue

was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN
100:12:0.5, R¢ = 0.30) to afford 26.0 mg of 4j as a light yellow solid in 36% yield, mp =

128-130 °C.
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"H NMR (400 MHz, CDCls, ppm) § 7.82 (d, J = 0.9 Hz, 1H), 7.54-7.52 (m, 2H), 7.45-7.39 (m,
2H), 7.38-7.31 (m, 3H), 7.30-7.22 (m, 7H), 6.92-6.90 (m, 2H), 6.83 (s, 1H). The peak of the
hydroxyl group did not appeared. *C{'H} NMR (100 MHz, CDCls, ppm) § 154.5, 141.3, 138.5,
138.2, 135.1, 133.9, 132.4, 129.3, 128.9, 128.7, 128.5, 128.2, 127.9, 127.3, 127.2, 121.9, 118.5,

115.5, 110.8, 103.9; HRMS (ESI) calcd for: C26H20NO* (M+H)* 362.1539, found 362.1541.

6-Methyl-1,2-diphenyl-1H-indole (4Kk).
O
Me N?

3-Methylcyclohexanone 1k (36.8 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.50)
to afford 28.9 mg of 4k as a white solid in 51% yield, mp = 134-136 °C.

'"H NMR (400 MHz, CDCls, ppm) & 7.56 (d, J = 8.0 Hz, 1H), 7.42-7.39 (m, 2H), 7.35-7.31 (m,
1H), 7.25-7.18 (m, 7H), 7.08 (s, 1H), 7.01 (d, J = 8.0 Hz, 1H), 6.75 (s, 1H), 2.42 (s, 3H). *C{'H}
NMR (100 MHz, CDCIl3, ppm) ¢ 140.1, 139.4, 138.6, 132.6, 132.2, 129.2, 128.8, 128.7, 128.1,
128.0, 127.0, 126.0, 122.4, 120.2, 110.4, 103.6, 21.9; HRMS (ESI) calcd for: C21HI18N* (M+H)",

284.1433, found: 284.1434.

5,5-Dimethyl-1,2-diphenyl-4,5-dihydro-1H-indole (41).

Me
O
o

4,4-Dimethylcyclohexanone 11 (37.8 mg, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (14.2 uL, 0.2 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
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was purified by column chromatography on silica gel (petroleum ether/EtzN = 100:0.5, R¢= 0.65)
to afford 14.4 mg of 41 as a white solid in 24% yield, mp = 138-140 °C.

'"H NMR (400 MHz, CDCl3, ppm) 6 7.37-7.28 (m, 3H), 7.17-7.11 (m, 4H), 7.10-7.03 (m, 3H),
6.27 (s, 1H), 6.02 (d, J=9.9 Hz, 1H), 5.39 (d, /=9.9 Hz, 1H), 2.64 (s, 2H), 1.13 (s, 6H). 3C{'H}
NMR (100 MHz, CDCIl3, ppm) ¢ 138.4, 135.0, 133.1, 133.0, 130.6, 128.9, 127.9, 127.8, 127.6,
127.0, 125.6, 117.8, 115.0, 109.5, 36.7, 33.4, 28.6; HRMS (ESI) calcd for: CorH»oN* (M+H)*

300.1747, found: 300.1747.

2,3-Diphenyl-3H-benzo|e]indole (4m).

0O
O

3,4-Dihydro-1H-naphthalen-2-one 1m (39.6 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (14.2 uL, 0.1 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.50)
to afford 37.7 mg of 4n as a white solid in 59% yield, mp = 145-147 °C.

"H NMR (400 MHz, CDCl3, ppm) 6 8.31 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.60-7.56
(m, 2H), 7.48-7.36 (m, 5H) , 7.34-7.20 (m, 8H). 3C{'H} NMR (100 MHz, CDCl;, ppm) & 139.0,
138.3, 135.4, 132.6, 129.6, 129.3, 128.8, 128.5, 128.2, 127.9, 127.5, 127.0, 125.9, 123.6, 123.3,

123.1,123.0, 112.2, 102.7; HRMS (ESI) calcd for: C24H1sN* (M+H)* 320.1434, found: 320.1438.

7-Bromo-2,3-diphenyl-3H-benzo|e]indole (4n).

N

)
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6-Bromo-2-tetralone 1m (48.3 plL, 0.3 mmol), aniline 2a (182 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (14.2 uL, 0.2 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtzN = 100:0.5, R¢= 0.55)
to afford 47.6 mg of 4n as a white solid in 60% yield, mp =208-210 °C.

"H NMR (400 MHz, CDCls, ppm) J 8.17 (d, J = 8.7 Hz, 1H), 8.05 (d, J= 1.9 Hz, 1H), 7.64 (dd, J
=8.7, 1.9 Hz, 1H), 7.48-7.39 (m, 5H), 7.32-7.24 (m, 8H). 3C{'H} NMR (100 MHz, CDCl3, ppm)
0 139.5, 138.1, 135.5, 132.3, 130.9, 130.5, 129.4, 128.9, 128.8, 128.2, 128.1, 127.7, 127.3, 126.4,
124.8, 123.2, 122.0, 117.1, 113.3, 102.5; HRMS (ESI) calcd for: Co4H17BrN* (M+H)* 398.0539,

found: 398.0540.

8-Methoxy-2,3-diphenyl-3H-benzo|e]indole (40).

OMe

OOQ
O

7-Methoxy-2-tetralone 1o (46.8 plL, 0.3 mmol), aniline 2a (18.2 plL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (14.2 pL, 0.2 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:0.5:0.5, Rf = 0.35) to afford 33.5 mg of 40 as a light yellow solid in 48% yield, mp =
122-124 °C.

"H NMR (400 MHz, CDCls, ppm) J 7.79 (d, J = 8.9 Hz, 1H), 7.62 (d, J= 2.5 Hz, 1H), 7.49 (d, J =
8.9 Hz, 1H), 7.45-7.36 (m, 3H), 7.32-7.20 (m, 9H), 7.09 (dd, J = 8.8, 2.5 Hz, 1H), 4.00 (s, 3H).
BC{'H} NMR (100 MHz, CDCl3, ppm) ¢ 158.0, 138.7, 138.4, 135.9, 132.6, 130.1, 129.3, 129.0,
128.7, 128.1, 127.5, 127.0, 124.5, 123.0, 122.7, 115.1, 109.8, 102.7, 102.7, 55.4; HRMS (ESI)

caled for: CosHooNO™ (M+H)* 350.1539, found: 350.1539.
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1-(2-Fluorophenyl)-5-methyl-2-phenyl-1H-indole (5a).
Me

N
4-Methylcyclohexanone 1a (37.6 ulL, 0.3 mmol), 2-fluoroaniline 2b (19.7 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtzN = 100:0.5, R¢ = 0.65)
to afford 30.7 mg of 5a as a white solid in 51% yield, mp = 106-108 °C.
"H NMR (400 MHz, CDCls, ppm) 6 7.47 (s, 1H), 7.35-7.31 (m, 1H), 7.30-7.21 (m, 6H), 7.19-7.13
(m, 2H), 7.06-6.95 (m, 2H), 6.74 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100 MHz, CDCls, ppm) &
158.0 (d, Jcr=251.7 Hz), 141.3, 137.5, 132.4, 130.4, 130.1, 129.3 (d, Jc.r = 7.6 Hz), 128.7, 128.3,
128.2,127.4, 126.6 (d, Jcr = 12.7 Hz), 124.5 (d, Jcr = 3.9 Hz), 124.0, 120.3, 116.8 (d, Jcr =19.8
Hz), 110.2 (d, Jcr = 0.8 Hz), 103.4, 21.4; HRMS (ESI) calcd for: C21Hi7NF* (M+H)* 302.1339,

found: 302.1342.

5-Methyl-2-phenyl-1-(o-tolyl)-1H-indole (5b).
Me
N
3

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 2-methylaniline 2¢ (21.7 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.50)
to afford 26.7 mg of 5b as a white solid in 45% yield, mp = 125-127 °C.

'"H NMR (400 MHz, CDCls, ppm) 6 7.48 (s, 1H), 7.31-7.24 (m, 6H), 7.22-7.17 (m, 3H), 6.98-6.96
(m, 1H), 6.85-6.82 (m, 1H), 6.76-6.75 (m, 1H), 2.46 (s, 3H), 1.86 (s, 3H). 3C{'H} NMR (100

MHz, CDCl;, ppm) J 141.1, 137.7, 137.4, 136.9, 132.8, 131.1, 129.6, 129.5, 128.4, 128.3, 128.2,
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128.1, 127.2, 126.8, 123.7, 120.1, 110.4, 102.1, 21.4, 17.5; HRMS (ESI) calcd for: C22H20N*

(M+H") 298.1590, found: 298.1597.

1-([1,1'-Biphenyl]-2-yl)-5-methyl-2-phenyl-1H-indole (5c¢).

Me
\ O
N
Ph

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 2-aminodiphenyl 2d (33.8 mg, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:0.5:0.5, R¢ = 0.55) to afford 23.0 mg of Se as a white solid in 32% yield, mp = 142-144 °C.

"H NMR (400 MHz, CDCls, ppm) J 7.67-7.65 (m, 1H), 7.53 (td, J=7.6, 1.6 Hz, 1H), 7.46 (td, J =
7.5, 1.3 Hz, 1H), 7.42 (s, 1H), 7.35 (dd, J = 7.6, 1.4 Hz, 1H), 7.20 (d, J = 8.3 Hz, 1H), 7.11-6.99
(m, 5H), 6.93-6.89 (m, 2H), 6.73-6.71 (m, 2H), 6.45 (s, 1H), 6.37-6.32 (m, 2H), 2.48 (s, 3H).
BC{'H} NMR (100 MHz, CDCl3, ppm) J 141.1, 140.5, 138.3, 137.5, 136.0, 132.5, 131.3, 129.6,
129.5, 128.5, 128.2, 128.1, 127.9, 127.8, 127.7, 127.6, 126.7, 126.6, 123.7, 120.1, 110.4, 102.2,

21.5; HRMS (ESI) caled for: Co7H2N* (M+H)*™ 360.1747, found 360.1749.

1-(3-Fluorophenyl)-5-methyl-2-phenyl-1H-indole (5f).

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-fluoroaniline 2g (19.6 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.55)

to afford 37.4 mg of 5f as a white solid in 62% yield, mp = 119-121 °C.
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'H NMR (400 MHz, CDCLs, ppm) 6 7.46 (s, 1H), 7.37-7.31 (m, 1H), 7.26-7.19 (m, 6H), 7.05-6.97
(m, 4H), 6.72 (s, 1H), 2.46 (s, 3H). BC{'H} NMR (100 MHz, CDCL;, ppm) 6 162.8 (d, Jer =
247.8 Hz), 140.6, 140.2 (d, Jor = 9.9 Hz), 137.2, 132.3, 130.3, 130.3 (d, Jer = 9.0 Hz), 128.8,
128.6, 128.2, 127.4, 124.2, 123.7 (d, Jer = 3.1 Hz), 120.3, 115.2 (d, Jer = 22.8 Hz), 114.0 (d, Jer
= 21.0 Hz), 110.1, 103.9, 21.4; HRMS (ESI) caled for: Cao/H7NF* (M+H)* 302.1339, found:

302.1342.

1-(3-Chlorophenyl)-5-methyl-2-phenyl-1H-indole (5g).
Me

N

©\ Cl

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-chloroaniline 2h (21.6 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, Rr= 0.55)
to afford 38.1 mg of 5g as a white solid in 60% yield, mp = 136-138 °C.

"H NMR (400 MHz, CDCls, ppm) d 7.45 (s, 1H), 7.31-7.27 (m, 3H), 7.25-7.21 (m, 5H), 7.18 (d, J
= 8.4 Hz, 1H), 7.06-7.00 (m, 2H), 6.71 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100 MHz, CDCls,
ppm) o 140.5, 139.9, 137.2, 134.6, 132.2, 130.3, 130.1, 128.8, 128.6, 128.2, 127.9, 127.4, 127.2,
126.2, 124.2, 120.3, 110.0, 104.0, 21.4; HRMS (ESI) caled for: Co;Hi7CIN* (M+H)" 318.1044,

found: 318.1047.

1-(3-Bromophenyl)-5-methyl-2-phenyl-1H-indole (Sh).

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-bromoaniline 2i (22.2 pL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
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was purified by column chromatography on silica gel (petroleum ether/EtzN = 100:0.5, R¢= 0.55)
to afford 44.9 mg of 5h as a white solid in 62% yield, mp = 124-126 °C.

'H NMR (400 MHz, CDCls, ppm) J 7.48-7.44 (m, 3H), 7.25-7.17 (m, 7H), 7.08 (d, J = 8.0 Hz,
1H), 7.02 (d, J = 8.4 Hz, 1H), 6.71 (s, 1H), 2.46 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) &
140.6, 140.0, 137.2, 132.2, 130.7, 130.4, 130.4, 130.1, 128.8, 128.6, 128.3, 127.4, 126.7, 124.2,
122.5, 120.3, 110.0, 104.0, 21.4; HRMS (ESI) calcd for: C2;Hi7BrN* (M+H)* 362.0539, found:

362.0541.

5-Methyl-2-phenyl-1-(3-(trifluoromethoxy)phenyl)-1H-indole (5i).
Me

N

©\O CF3

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-(trifluoromethoxy)-aniline 2j (27.3 pL, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5,
Rr=0.65) to afford 44.8 mg of 5i as a white solid in 61% yield, mp = 119-121 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.47 (s, 1H), 7.41 (t,J = 8.1 Hz, 1H), 7.25-7.16 (m, 8H), 7.09
(s, 1H), 7.03 (d, J = 8.4 Hz, 1H), 6.73 (s, 1H), 2.47 (s, 3H). 3C{'H} NMR (100 MHz, CDCls,
ppm) 6 149.5 (q, Jcr = 2.0 Hz), 140.6, 140.1, 137.0, 132.2, 130.5, 130.2, 128.9, 128.7, 128.3,
127.5, 126.1, 124.3, 120.6, 120.4, 120.3 (q, Jcr = 258.0 Hz), 119.3, 109.9, 104.2, 21.4; HRMS

(ESI) caled for: C2oH17FsNO* (M+H)* 368.1257, found: 368.1257.

5-methyl-1-(3-nitrophenyl)-2-phenyl-1H-indole (5j).
Me

N

©\ NO,

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-nitroaniline 2k (27.6 mg, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
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mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:1:0.5, R¢= 0.35) to afford 40.0 mg of 5j as a yellow solid in 61% yield, mp = 162-164 °C.

'"H NMR (400 MHz, CDCl3, ppm) & 8.19-8.15 (m, 2H), 7.56-7.51 (m, 1H), 7.49-7.45 (m, 2H),
7.27-7.18 (m, 6H), 7.07-7.04 (m, 1H), 6.76 (s, 1H), 2.47 (s, 3H). *C{'H} NMR (100 MHz, CDCl;,
ppm) o 148.7, 140.5, 140.0, 137.0, 133.8, 131.8, 130.9, 130.0, 128.9, 128.8, 128.4, 127.7, 124.6,
122.4, 121.6, 120.6, 109.6, 104.9, 21.3; HRMS (ESI) calcd for: Co1H17N202" (M+H)* 329.1284,

found: 329.1285.

Methyl-3-(5-methyl-2-phenyl-1H-indol-1-yl)benzoate (5k).

4-Methylcyclohexanone 1a (37.6 puL, 0.3 mmol), methyl 3-aminobenzoate 21 (30.2 mg, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:1:0.5, R¢= 0.30) to afford 39.6 mg of Sk as a white solid in 58% yield, mp = 150-152 °C.

"H NMR (400 MHz, CDCls, ppm) ¢ 8.05 (m, 1H), 8.02-8.00 (m, 1H), 7.44 (m, 2H), 7.30-7.27 (m,
1H), 7.25-7.22 (m, 5H), 7.16 (d, J = 8.4 Hz, 1H), 7.02-7.00 (m, 1H), 6.73 (s, 1H), 3.90 (s, 3H),
2.47 (s, 3H). BC{'H} NMR (100 MHz, CDCls, ppm) ¢ 166.2, 140.6, 139.0, 137.3, 132.4, 132.2,
131.3, 130.2, 129.3, 128.8, 128.6, 128.6, 128.2, 128.0, 127.3, 124.1, 120.3, 110.0, 103.8, 52.3,

21.3; HRMS (ESI) caled for: Co3H20NO>" (M+H)* 342.1489, found 342.1490.

3-(5-Methyl-2-phenyl-1H-indol-1-yl)benzonitrile (51).
Me
IO
N
CN

S17



4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-aminobenzonitrile 2m (23.6 mg, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:2:0.5, R¢= 0.30) to afford 28.3 mg of 51 as a white solid in 46% yield, mp = 132-134 °C.

"H NMR (400 MHz, CDCls, ppm) J 7.60 (d, J = 7.6 Hz, 1H), 7.54 (s, 1H), 7.51-7.46 (m, 2H),
7.42 (d, J=8.2 Hz, 1H), 7.27-7.24 (m, 3H), 7.21-7.18 (m, 2H), 7.15 (d, /= 8.4 Hz, 1H), 7.04 (d, J
= 8.4 Hz, 1H), 6.74 (s, 1H), 2.47 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) ¢ 140.4, 139.7,
136.9, 132.3, 131.8, 130.9, 130.8, 130.4, 130.2, 128.8, 128.7, 128.4, 127.7, 124.5, 120.5, 117.9,

113.4,109.6, 104.7, 21.3; HRMS (ESI) calcd for: C22Hi7N2" (M+H)* 309.1386, found: 309.1389.

5-Methyl-2-phenyl-1-(m-tolyl)-1H-indole (Sm).
Me

N

©\ Me

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 3-methylaniline 2n (121.9 uL, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, Rr= 0.50)
to afford 27.3 mg of Sm as a white solid in 46% yield, mp = 116-118 °C.

'"H NMR (400 MHz, CDCls, ppm) & 7.45 (s, 1H), 7.27-7.15 (m, 7H), 7.13 (d, J = 7.6 Hz, 1H),
7.08 (s, 1H), 7.00-6.98 (m, 2H), 6.71 (s, 1H), 2.46 (s, 3H), 2.33 (s, 3H). *C{'H} NMR (100 MHz,
CDCls, ppm) 6 140.7, 139.1, 138.6, 137.5, 132.7, 129.8, 128.9, 128.7, 128.4, 128.1, 127.8, 127.1,
125.1, 123.8, 120.1, 110.4, 103.1, 99.9, 21.4, 21.3; HRMS (ESI) calcd for: C2HzoN* (M+H)

298.1590, found: 298.1596.
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1-(4-Fluorophenyl)-5-methyl-2-phenyl-1H-indole (5n).

Me
N

F
4-Methylcyclohexanone 1a (37.6 uL, 0.3 mmol), 4-fluoroaniline 20 (19.3 pL, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R = 0.55)
to afford 38.6 mg of Sn as a white solid in 64% yield, mp = 134-136 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.46 (s, 1H), 7.25-7.18 (m, 7H), 7.14-7.07 (m, 3H), 7.01 (dd,
J=8.4,1.4Hz, 1H), 6.71 (s, 1H), 2.46 (s, 3H). BC{'H} NMR (100 MHz, CDCl;3, ppm) ¢ 161.3 (d,
Jo.r = 247.1 Hz), 140.7, 137.5, 134.7 (d, Jcr= 3.0 Hz), 132.4, 130.1, 129.5 (d, Jcr = 8.5 Hz),
128.8,128.4, 128.2, 127.3, 124.0, 120.2, 116.1 (d, Jc.r = 22.7 Hz), 110.0, 103.3, 21.4; HRMS (ESI)

caled for: CoiHi7NF* (M+H)"™ 302.1339, found: 302.1342.

1-(4-Chlorophenyl)-5-methyl-2-phenyl-1H-indole (50) !,

Me
OO
N

Cl
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-chloroaniline 2p (18.2 pL, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R = 0.55)
to afford 37.5 mg of So as a white solid in 59% yield, mp = 158-160 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.46 (s, 1H), 7.38-7.35 (m, 2H), 7.26-7.23 (m, 5H), 7.18-7.14
(m, 3H), 7.01 (dd, J = 8.4, 1.1 Hz, 1H), 6.72 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100 MHz,
CDCls, ppm) 6 140.5, 137.2, 132.6, 132.3, 130.2, 129.4, 129.1, 129.0, 128.8, 128.5, 128.2, 127.3,
124.1,120.3, 110.0, 103.8, 21.4.
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1-(4-Bromophenyl)-5-methyl-2-phenyl-1H-indole (5p).

Me
N

Br
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-bromoaniline 2q (23.4 pL, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.2 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R = 0.55)
to afford 44.9 mg of 5p as a white solid in 62% yield, mp = 148-150 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.54-7.50 (m, 2H), 7.46 (s, 1H), 7.27-7.23 (m, 5H), 7.16 (d, J
= 8.4 Hz, 1H), 7.13-7.08 (m, 2H), 7.02 (m, 1H), 6.72 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100
MHz, CDCl;, ppm) 6 140.5, 137.7, 137.1, 132.4, 132.2, 130.2, 129.3, 128.8, 128.6, 128.2, 127.3,
124.1, 120.5, 120.3, 110.0, 103.8, 21.4; HRMS (ESI) calcd for: Co H7BrN* (M+H)* 362.0539,

found: 362.0540.

1-(4-Iodophenyl)-5-methyl-2-phenyl-1H-indole (5q).

Me
OO
N

I
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-iodoaniline 2r (24.6 pL, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R = 0.55)
to afford 50.7 mg of 5q as a white solid in 62% yield, mp = 164-166 °C.

'"H NMR (400 MHz, CDCls, ppm) ¢ 7.71 (d, J = 8.5 Hz, 2H), 7.46 (s, 1H), 7.29-7.24 (m, 5H),
7.17 (d, J = 8.4 Hz, 1H), 7.02-6.97 (m, 3H), 6.71 (s, 1H), 2.46 (s, 3H). *C{'H} NMR (100 MHz,

CDClLs, ppm) 6 140.4, 138.4, 138.3, 137.1, 132.3, 130.3, 129.6, 128.8, 128.6, 128.3, 127.4, 124.1,
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120.3, 110.0, 103.9, 91.9, 21.4; HRMS (ESI) calcd for: CyHi7IN® (M+H)* 410.0400, found:

410.0402.

5-Methyl-2-phenyl-1-(4-(trifluoromethoxy)phenyl)-1H-indole (5r).
Me
-0
N

OCF,

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-(trifluoromethoxy)aniline 2s (27.4 pL, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5,
Rr=0.65) to afford 46.3 mg of 5r as a white solid in 63% yield, mp = 105-107 °C.

'"H NMR (400 MHz, CDCls, ppm) & 7.47 (s, 1H), 7.25-7.22 (m, 9H), 7.17 (d, J = 8.4 Hz, 1H),
7.02 (d, J = 8.4 Hz, 1H), 6.73 (s, 1H), 2.47 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) ¢
147.6, 140.6, 137.3, 137.2, 132.3, 130.3, 129.1, 128.8, 128.6, 128.3, 127.4, 124.2, 121.6, 120.4,
120.4 (q, Jcr = 257.5 Hz), 110.0, 103.9, 21.3; HRMS (ESI) calcd for: CoHi7FsNO* (M+H)*

368.1257, found: 368.1257.
5-Methyl-2-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-indole (5s).

Me
N

CFj3

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-(trifluoromethyl)aniline 2t (25.6 pL, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI

(6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
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The residue was purified by column chromatography on silica gel (petroleum ether/Et;N = 100:0.5,
R =0.65) to afford 41.5 mg of 5s as a white solid in 58% yield, mp = 100-102 °C.

'"H NMR (400 MHz, CDCls, ppm) 6 7.65 (d, J = 8.2 Hz, 2H), 7.47 (s, 1H), 7.35-7.32 (m, 2H),
7.26-7.20 (m, 6H), 7.03 (d, J = 8.4 Hz, 1H), 6.74 (s, 1H), 2.47 (s, 3H). *C{'H} NMR (100 MHz,
CDCls, ppm) 6 141.9, 140.5, 137.0, 132.2, 130.6, 128.9, 128.8, 128.6, 128.3, 127.9, 127.5, 126.3
(9, Jcr = 3.7 Hz), 124.4, 123.9 (q, Jcr = 272.1 Hz), 120.5, 109.9, 104.6, 21.3; HRMS (ESI) calcd

for: CooH17F3N* (M+H)* 352.1308, found: 352.1309.

Methyl-4-(5-methyl-2-phenyl-1H-indol-1-yl)benzoate (5t).

0
\

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), methyl 4-aminobenzoate 2u (30.2 mg, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate/EtzN = 100:1:0.5, Rr= 0.35) to afford 39.6 mg of 5t as a light yellow solid in 58% yield,
mp = 148-150 °C.

"H NMR (400 MHz, CDCl3, ppm) 6 8.08-8.05 (m, 2H), 7.47 (s, 1H), 7.31-7.27 (m, 2H), 7.25-7.22
(m, 6H), 7.03 (d, J = 8.3 Hz, 1H), 6.74 (s, 1H), 3.93 (s, 3H), 2.47 (s, 3H). 3C{'H} NMR (100
MHz, CDCl;, ppm) 6 166.4, 142.8, 140.5, 136.9, 132.2, 130.6, 130.5, 128.8, 128.8, 128.3, 127.4,
127.4, 124.3, 120.4, 110.0, 104.5, 99.9, 52.2, 21.3; HRMS (ESI) calcd for: C23H20NO>" (M+H)*

342.1489, found 342.1490.
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5-Methyl-1-(4-(methylsulfonyl)phenyl)-2-phenyl-1H-indole (5u).

Me
OO
N

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-methylsulfonylaniline 2v (34.2 mg, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue

was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN

100:20:0.5, Rr = 0.35) to afford 41.2 mg of Su as a light yellow solid in 57% yield, mp =
138-140 °C.

'"H NMR (400 MHz, CDCl3, ppm) & 7.98-7.94 (m, 2H), 7.48 (s, 1H), 7.42-7.39 (m, 2H), 7.28-7.19
(m, 6H), 7.05 (d, J = 8.4 Hz, 1H), 6.75 (s, 1H), 3.10 (s, 3H), 2.47 (s, 3H). *C{'H} NMR (100
MHz, CDCl;, ppm) o 143.5, 140.3, 138.2, 136.6, 131.8, 130.8, 128.9, 128.8, 128.5, 128.4, 128.1,
127.6, 124.5, 120.6, 109.7, 105.2, 44.4, 21.3; HRMS (ESI) calcd for: C2H20NO2S* (M+H)*

362.1209, found: 362.1212.

5-Methyl-1-(4-nitrophenyl)-2-phenyl-1H-indole (5v).
Me
0O
N

NO,

4-Methylcyclohexanone 1a (37.6 plL, 0.3 mmol), 4-nitroaniline 2w (27.6 mg, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =

100:1:0.5, R¢= 0.30) to afford 37.4 mg of Sv as a red solid in 57% yield, mp = 160-162 °C.
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'H NMR (400 MHz, CDCls, ppm) J 8.27-8.24 (m, 2H), 7.48 (s, 1H), 7.38-7.35 (m, 2H), 7.30-7.26
(m, 4H), 7.23-7.20 (m, 2H), 7.06 (dd, J = 8.4, 1.0 Hz, 1H), 6.77 (s, 1H), 2.47 (s, 3H). *C{'H}
NMR (100 MHz, CDCLs, ppm) d 145.6, 144.5, 140.3, 136.6, 131.9, 131.1, 129.0, 128.9, 128.5,
128.0, 127.8, 127.8, 124.7, 120.7, 109.8, 105.6, 21.3; HRMS (ESI) caled for: CarH7N2O;*

(M+H)" 329.1284, found: 329.1286.

4-(5-methyl-2-phenyl-1H-indol-1-yl)benzonitrile (Sw).

Me
OO
N

CN
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-aminobenzonitrile 2x (23.6 mg, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:2:0.5, R¢= 0.30) to afford 28.4 mg of Sw as a white solid in 46% yield, mp = 151-153 °C.

"H NMR (400 MHz, CDCls, ppm) & 7.64-7.62 (m, 2H), 7.45 (s, 1H), 7.28-7.16 (m, 8H), 7.03 (d, J
= 8.4 Hz, 1H), 6.73 (s, 1H), 2.45 (s, 3H). BC{'H} NMR (100 MHz, CDCls, ppm) ¢ 142.6, 140.2,
136.6, 133.1, 131.9, 130.9, 128.9, 128.8, 128.4, 128.0, 127.6, 124.5, 120.6, 118.3, 110.1, 109.7,

105.2, 21.3; HRMS (ESI) calcd for: CooH7N>™ (M+H)* 309.1386, found: 309.1389.

1-([1,1'-Biphenyl]-4-yl)-5-methyl-2-phenyl-1H-indole (5x).

Me
N

Ph
4-Methylcyclohexanone 1a (37.6 uL, 0.3 mmol), 4-aminobiphenyl 2y (33.8 mg, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20

mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
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was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:0.5:0.5, Ry = 0.35) to afford 39.5 mg of 5x as a white solid in 55% yield, mp = 165-167 °C.

'"H NMR (400 MHz, CDCl3, ppm) 6 7.65-7.61 (m, 4H), 7.49-7.43 (m, 3H), 7.39-7.34 (m, 1H),
7.32-7.28 (m, 4H), 7.26-7.22 (m, 4H), 7.02 (dd, J = 8.4, 1.2 Hz, 1H), 6.74 (s, 1H), 2.48 (s, 3H).
BC{'H} NMR (100 MHz, CDCl3, ppm) ¢ 140.7, 140.1, 139.6, 137.9, 137.4, 132.6, 130.0, 128.8,
128.6, 128.2, 128.1, 127.7, 127.5, 127.2, 127.0, 124.0, 122.4, 120.2, 110.3, 103.5, 21.4; HRMS

(ESI) caled for: Co7HauN* (M+H)* 360.1747, found 360.1749.

5-Methyl-2-phenyl-1-(p-tolyl)-1H-indole (5y) "I

\ O
N

Me
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-methylaniline 2z (22.5 pL, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/EtsN = 100:0.5, R¢= 0.50)
to afford 27.4 mg of Sy as a white solid in 46% yield, mp = 134-136 °C.

"H NMR (400 MHz, CDCls, ppm) J 7.46 (s, 1H), 7.26-7.09 (m, 10H), 7.00-6.98 (m, 1H), 6.70 (s,
1H), 2.46 (s, 3H), 2.39 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) ¢ 140.8, 137.6, 136.8,
136.1, 132.8, 129.8, 128.8, 128.4, 128.1, 127.7, 127.1, 123.8, 122.2, 120.1, 110.4, 103.0, 21.4,
21.1.

1-(4-(tert-Butyl)phenyl)-5-methyl-2-phenyl-1H-indole (5z).

Me
N

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-fert-butylaniline 2aa (32.5 pL, 0.2 mmol),
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a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether to petroleum ether/Et;N =
100:0.5, Rr=0.55) to afford 30.6 mg of 5z as a white solid in 45% yield. 5z: mp = 113-115 °C.

"H NMR (400 MHz, CDCl3, ppm) & 7.45 (s, 1H), 7.40 — 7.38 (m, 2H), 7.25 — 7.13 (m, 8H), 6.98
(d, J = 8.4 Hz, 1H), 6.70 (s, 1H), 2.46 (s, 3H), 1.34 (s, 9H). 3C{'H} NMR (100 MHz, CDCls,
ppm) & 150.0, 140.7, 137.5, 135.9, 132.8, 129.8, 128.8, 128.4, 128.0, 127.3, 127.0, 126.0, 123.7,
120.0, 110.5, 103.0, 34.6, 31.4, 21.4; HRMS (ESI) calcd for: CosHasN* (M+H)™ 340.2060, found:

340.2063.

5-methyl-1-(4-phenoxyphenyl)-2-phenyl-1H-indole (5aa).

\ O
N

OPh
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-phenoxyaniline 2ab (37.0 mg, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:0.75:0.5, R = 0.45) to afford 35.3 mg of Saa as a light yellow solid in 47% yield, mp =
168-170 °C.

"H NMR (400 MHz, CDCl3, ppm) J 7.46 (s, 1H), 7.39-7.35 (m, 2H), 7.27-7.23 (m, 5H), 7.19-7.13
(m, 4H), 7.07-7.00 (m, 5H), 6.71 (s, 1H), 2.47 (s, 3H). B3C{'H} NMR (100 MHz, CDCl3, ppm)
156.7, 156.2, 140.8, 137.6, 133.6, 132.6, 129.9, 129.9, 129.2, 128.8, 128.4, 128.1, 127.2, 123.9,
123.7, 120.2, 119.2, 119.0, 110.2, 103.1, 21.4. HRMS (ESI) calcd for: C7H2oNO* (M+H)*

376.1696, found: 376.1696.
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1-(4-Methoxyphenyl)-5-methyl-2-phenyl-1H-indole (Sab, Cas: 1131891-07-0) 2.,

Me
N

OMe
4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-methoxyaniline 2ac (24.6 mg, 0.2 mmol),

a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =
100:0.5:0.5, Rf = 0.35) to afford 26.3 mg of 5ab as a light yellow solid in 42% yield, mp =
178-180 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.45 (s, 1H), 7.27-7.20 (m, 5H), 7.17-7.10 (m, 3H), 6.99 (d, J
= 8.5 Hz, 1H), 6.92-6.90 (m, 2H), 6.70 (s, 1H), 3.83 (s, 3H), 2.46 (s, 3H). *C{'H} NMR (100
MHz, CDCl;, ppm) 6 158.4, 140.8, 137.8, 132.7, 131.5, 129.7, 129.0, 128.8, 128.3, 128.1, 127.1,

123.7,120.0, 114.4, 110.3, 102.7, 55.4, 21 .4.

5-Methyl-2-phenyl-1-(4-(piperidin-1-yl)phenyl)-1H-indole (5ac).

O
O

4-Methylcyclohexanone 1a (37.6 uL, 0.3 mmol), 4-piperidinoaniline 2ad (35.2g, 0.2 mmol),
a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI (6.6 mg, 20
mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h. The residue
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate/EtsN =

100:1:0.5, Rs = 0.25) to afford 22.7 mg of Sac as a light yellow solid in 31% yield, mp =

157-159 °C.
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'H NMR (400 MHz, CDCLs, ppm) & 7.44 (s, 1H), 7.31-7.27 (m, 2H), 7.24-7.18 (m, 3H), 7.15-7.07
(m, 3H), 6.97 (dd, J = 8.4, 1.2 Hz, 1H), 6.96-6.88 (m, 2H), 6.68 (s, 1H), 3.22-3.16 (m, 4H), 2.45 (s,
3H), 1.74-1.69 (m, 4H), 1.62-1.56 (m, 2H). *C{'H} NMR (100 MHz, CDCl;, ppm) 6 150.9, 140.8,
137.9, 132.9, 129.8, 129.6, 128.8, 128.5, 128.2, 128.0, 126.9, 123.6, 120.0, 116.4, 110.5, 102.4,

50.3,25.8,24.2,21.4; HRMS (ESI) caled for: CasH27N2™ (M+H)* 367.2169, found: 367.2171.

5-Methyl-1-(4-nitronaphthalen-1-yl)-2-phenyl-1H-indole (Sad).

OO
ay.

NO,

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), 4-nitro-1-naphthylamine 2ae (37.6 mg, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (28.4 pl, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate/EtsN = 100:1.5:0.5, Rr = 0.25) to afford 24.2 mg of 5ad as a light yellow solid in 32%
yield, mp = 180-182 °C.

"H NMR (400 MHz, CDCl3, ppm) ¢ 8.64 (d, J = 8.8 Hz, 1H), 8.18 (d, /= 8.1 Hz, 1H), 7.77-7.71
(m, 2H), 7.56-7.51 (m, 2H), 7.29 (d, J = 8.1 Hz, 1H), 7.19-7.13 (m, 5H), 6.93 (dd, /= 8.4, 1.1 Hz,
1H), 6.89 (s, 1H), 6.66 (d, J = 8.4 Hz, 1H), 2.47 (s, 3H). BC{'H} NMR (100 MHz, CDCls, ppm) &
145.9, 142.1, 141.4, 138.5, 131.9, 131.9, 130.7, 130.0, 128.8, 128.4, 128.4, 128.1, 127.7, 126.1,
125.5,124.7, 124.4, 123.8, 123.6, 120.5, 110.6, 104.4, 21.4; HRMS (ESI) calcd for: C2sH19N»O»*

(M+H)* 379.1441, found: 379.1443.

5-Methyl-1-phenyl-2-(p-tolyl)-1H-indole (6a).
Me
)
b
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4-Methylcyclohexanone 1la (37.6 plL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
2-hydroxy-1-(p-tolyl)ethan-1-one 3b (37.5 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/Et;N = 100:0.5,
R¢=0.50) to afford 30.9 mg of 6a as a white solid in 54% yield, mp = 139-141 °C.

"H NMR (400 MHz, CDCls, ppm) J 7.45 (s, 1H), 7.41-7.37 (m, 2H), 7.33-7.29 (m, 1H), 7.24-7.21
(m, 2H), 7.18-7.13 (m, 3H), 7.03 (d, J = 8.0 Hz, 2H), 6.98 (dd, J = 8.4, 0.9 Hz, 1H), 6.68 (s, 1H),
2.45 (s, 3H), 2.29 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) ¢ 140.8, 138.8, 137.4, 137.0,
129.9, 129.7, 129.2, 128.8, 128.7, 128.5, 128.0, 126.9, 123.7, 120.0, 110.2, 102.9, 21.4, 21.2;

HRMS (ESI) caled for: CooHoN*™ (M+H™) 298.1590, found: 298.1597.

2-(4-Methoxyphenyl)-5-methyl-1-phenyl-1H-indole (6b).
Me
I on
b

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
2-hydroxy-1-(4-methoxyphenyl)ethan-1-one 3¢ (41.5 mg, 0.25 mmol), morpholine (3.5 pL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:1:0.5, R = 0.30) to afford 35.1 mg of 6b as a light yellow solid in
56% yield, mp = 160-162 °C.

'"H NMR (400 MHz, CDCl3, ppm) & 7.44 (s, 1H), 7.41-7.38 (m, 2H), 7.34-7.30 (m, 1H), 7.24-7.21
(m, 2H), 7.18-7.14 (m, 3H), 6.99-6.96 (m, 1H), 6.78-6.75 (m, 2H), 6.64 (s, 1H), 3.76 (s, 3H), 2.46
(s, 3H). *C{'H} NMR (100 MHz, CDCl3, ppm) J 158.8, 140.6, 138.8, 137.2, 130.0, 129.9, 129.2,
128.6, 128.0, 126.9, 125.2, 123.5, 119.9, 113.6, 110.2, 102.4, 55.2, 21.4; HRMS (ESI) calcd for:

CarHaoNO* (M+H)* 314.1539, found: 314.1541.
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2-([1,1'-Biphenyl]-4-yl)-5-methyl-1-phenyl-1H-indole (6c).

“”e

4-Methylcyclohexanone 1a (37.6 plL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
1-([1,1'-biphenyl]-4-yl)-2-hydroxyethan-1-one 3d (53.1 mg, 0.25 mmol), morpholine (3.5 uL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:0.5:0.5, R¢= 0.40) to afford 39.5 mg of 6c¢ as a light yellow solid in
55% yield, mp = 179-181 °C.

"H NMR (400 MHz, CDCls, ppm) ¢ 7.58-7.54 (m, 2H), 7.48-7.26 (m, 13H), 7.19 (d, J = 8.4 Hz,
1H), 7.01 (dd, J = 8.4, 1.2 Hz, 1H), 6.78 (s, 1H), 2.47 (s, 3H). BC{'H} NMR (100 MHz, CDCls,
ppm) o 140.4, 140.3, 139.7, 138.7, 137.6, 131.6, 130.0, 129.3, 129.0, 128.7, 128.5, 128.0, 127.3,
127.1, 126.9, 126.8, 124.0, 120.2, 110.3, 103.4, 21.4; HRMS (ESI) calcd for: Co7HN* (M+H)*

360.1747, found 360.1749.

2-(4-Fluorophenyl)-5-methyl-1-phenyl-1H-indole (6d).
Me
-0
b

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
1-(4-fluorophenyl)-2-hydroxyethan-1-one 3e (38.5 mg, 0.25 mmol), morpholine (3.5 pL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/EtsN = 100:0.5, R¢ = 0.55) to afford 36.8 mg of 6d as a white solid in 61% yield, mp =
155-157 °C.

"H NMR (400 MHz, CDCl3, ppm) J 7.46 (s, 1H), 7.42-7.38 (m, 2H), 7.35-7.32 (m, 1H), 7.24-7.15
(m, 5H), 7.02-6.98 (m, 1H), 6.96-6.88 (m, 2H), 6.67 (s, 1H), 2.46 (s, 3H). 3C{'H} NMR (100

MHz, CDCL, ppm) & 162.0 (d, Jor = 247.3 Hz), 139.7, 138.5, 137.4, 130.5 (d, Jer = 8.0 Hz),
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130.1, 129.3, 128.8 (d, Jcr = 2.9 Hz), 128.4, 127.9, 127.1, 124.0, 120.1, 115.2 (d, Jcr = 21.6 Hz),

110.3, 103.2, 21.4; HRMS (ESI) calcd for: CoiHi7?NF* (M+H)* 302.1339, found: 302.1342.

2-(3-Chlorophenyl)-5-methyl-1-phenyl-1H-indole (6¢).
Me
-0
N
O

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
1-(3-chlorophenyl)-2-hydroxyethan-1-one 3f (42.6 mg, 0.25 mmol), morpholine (3.5 pL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum ether to
petroleum ether/EtsN = 100:0.5, Ry = 0.55) to afford 36.9 mg of 6e as a white solid in 58% yield,
mp =121-123 °C.

"H NMR (400 MHz, CDCls, ppm) & 7.46 (s, 1H), 7.44-7.40 (m, 2H), 7.37-7.33 (m, 1H), 7.32-7.30
(m, 1H), 7.24-7.21 (m, 2H), 7.19-7.16 (m, 2H), 7.12 (t, J = 7.8 Hz, 1H), 7.05-7.00 (m, 2H), 6.74 (s,
1H), 2.46 (s, 3H). 3C{'H} NMR (100 MHz, CDCl3;, ppm) ¢ 139.0, 138.3, 137.6, 134.4, 134.0,
130.2, 129.3, 129.3, 128.6, 128.3, 127.9, 127.3, 127.1, 126.8, 124.4, 120.3, 110.4, 104.0, 21.4;

HRMS (ESI) calcd for: C1H7CINT (M+H)*" 318.1044, found: 318.1047.

2-(3-Bromophenyl)-5-methyl-1-phenyl-1H-indole (6f).
Me
-0
N
@ Br

4-Methylcyclohexanone 1la (37.6 plL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),
1-(3-bromophenyl)-2-hydroxyethan-1-one 3g (53.2 mg, 0.25 mmol), morpholine (3.5 pL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/EtsN = 100:0.5, Rr = 0.55) to afford 43.5 mg of 6f as a white solid in 60% yield, mp =

102-104 °C.
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'"H NMR (400 MHz, CDCls, ppm) & 7.48-7.45 (m, 2H), 7.43-7.40 (m, 2H), 7.37-7.30 (m, 2H),
7.23-7.20 (m, 2H), 7.19-7.16 (m, 1H), 7.07-7.00 (m, 3H), 6.73 (s, 1H), 2.46 (s, 3H). *C{'H}
NMR (100 MHz, CDCLs, ppm) d 138.9, 138.3, 137.6, 134.7, 131.5, 130.2, 130.0, 129.5, 129.3,
128.3, 1279, 127.3, 1272, 124.4, 1222, 120.3, 110.4, 104.0, 21.4; HRMS (ESI) caled for:

C21Hi7BrN* (M+H)" 362.0539, found: 362.0541.

5-Methyl-2-(3-nitrophenyl)-1-phenyl-1H-indole (6g).
e,
N
S

4-Methylcyclohexanone 1la (37.6 pL, 0.3 mmol), aniline 2a (18.2 pL, 0.2 mmol),

Me

2-hydroxy-1-(3-nitrophenyl)ethan-1-one 3h (45.3 mg, 0.25 mmol), morpholine (3.5 pL, 20
mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:1:0.5, Rr = 0.35) to afford 23.0 mg of 6g as a yellow solid in 35%
yield, mp = 146-148 °C.

'"H NMR (400 MHz, CDCl3, ppm) & 8.19-8.15 (m, 1H), 8.07-8.02 (m, 1H), 7.51-7.47 (m, 2H),
7.46-7.42 (m, 2H), 7.40-7.35 (m, 2H), 7.26-7.22 (m, 2H), 7.21-7.16 (m, 1H), 7.08-7.03 (m, 1H),
6.85 (s, 1H), 2.47 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) J 148.1, 138.0, 137.9, 137.7,
134.3, 134.2, 130.5, 129.6, 129.0, 128.1, 127.9, 127.7, 124.9, 123.2, 121.7, 120.5, 110.5, 104.8,

21.4; HRMS (ES]I) caled for: C21H17N202" (M+H)* 329.1284, found: 329.1285.

5-Methyl-2-(naphthalen-2-yl)-1-phenyl-1H-indole (6h).

4-Methylcyclohexanone 1a (37.6 pL, 0.3 mmol), aniline 2a (182 pL, 0.2 mmol),,

2-hydroxy-1-(naphthalen-2-yl)ethan-1-one 3i (46.6 mg, 0.25 mmol), morpholine (3.5 pL, 20
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mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 pL, 0.4 mmol) reacted in toluene (0.1 M), at 150
°C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:0.5:0.5, R¢ = 0.40) to afford 34.7 mg of 6h as a white solid in 52%
yield, mp = 172-174 °C.

"H NMR (400 MHz, CDCls, ppm) 6 7.77-7.73 (m, 2H), 7.69-7.64 (m, 2H), 7.49 (s, 1H), 7.44-7.36
(m, 4H), 7.34-7.30 (m, 2H), 7.29-7.27 (m, 2H), 7.24-7.20 (m, 1H), 7.02 (dd, J = 8.4, 1.1 Hz, 1H),
6.84 (s, 1H), 2.48 (s, 3H). *C{'H} NMR (100 MHz, CDCls, ppm) J 140.6, 138.7, 137.6, 133.2,
132.3, 130.1, 130.0, 129.3, 128.6, 128.1, 127.9, 127.7, 127.6, 127.5, 127.1, 126.7, 126.2, 126.0,
124.0, 120.2, 110.3, 103.8, 21.4; HRMS (ESI) calcd for: CpsHxoN* (M+H)* 334.1590, found:

334.1593.

Methyl-3-(2-phenyl-3H-benzo|e]indol-3-yl)benzoate (7).

ghad
N

©\COOMe

3,4-Dihydro-1H-naphthalen-2-one 1m (39.6 pL, 0.3 mmol), 3-aminobenzoate 2n (30.2 mg, 0.2
mmol), a-hydroxyacetophenone 3a (34.7 mg, 0.25 mmol), morpholine (3.5 pL, 20 mol %), KI
(6.6 mg, 20 mol%) and DMSO (14.1 uL, 0.2 mmol) reacted in toluene (0.1 M), at 150 °C for 12 h.
The residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate/EtsN = 100:5:0.5, Rr = 0.30) to afford 42.3 mg of 7 as a yellow solid in 56% yield, mp =
170-172 °C.

"H NMR (400 MHz, CDCls, ppm) J 8.31 (d, J= 8.2 Hz, 1H), 8.12 (t, J= 1.7 Hz, 1H), 8.08 (dt, J=
7.8, 1.3 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.61-7.57 (m, 2H), 7.51-7.43 (m, 2H), 7.40-7.33 (m,
3H), 7.31-7.23 (m, 5H), 3.92 (s, 3H). 3C{'H} NMR (100 MHz, CDCls, ppm) 6 166.2, 138.9,
138.7, 135.3, 132.7, 132.2, 131.5, 129.6, 129.5, 128.9, 128.6, 128.6, 128.3, 127.8, 127.2, 126.0,
123.8, 123.4, 123.0, 111.8, 103.2, 52.4; HRMS (ESI) calcd for: Co6H20NO>* (M+H)" 378.1489,

found: 378.1489.

Methyl-1,2-bis(4-fluorophenyl)-1H-indole-5-carboxylate (8).
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~
N

F
Methyl-4-oxocyclohexanecarboxylate 1g (46.8 mg, 0.3 mmol), 4-fluoroaniline 2q (19.3 pL, 0.2

mmol), 1-(4-fluorophenyl)-2-hydroxyethan- 1-one 3e (38.5 mg, 0.25 mmol), morpholine (3.5 pL,
20 mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 uL, 0.4 mmol) reacted in toluene (0.1 M), at
150 °C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:5:0.5, Rr = 0.35) to afford 43.6 mg of 8 as a yellow solid in 60%
yield, mp = 126-128 °C.

'"H NMR (400 MHz, CDCls, ppm) 6 8.43 (d, J = 0.9 Hz, 1H), 7.89 (dd, J = 8.7, 1.5 Hz, 1H),
7.23-7.19 (m, 5H), 7.16-7.11 (m, 2H), 6.99-6.95 (m, 2H), 6.82 (s, 1H), 3.95 (s, 3H). 3C{'H}
NMR (100 MHz, CDCls, ppm) 6 168.1, 162.3 (d, Jc.r = 248.5 Hz), 161.7 (d, Jcr = 248.5 Hz),
141.2, 141.1, 133.6 (d, Jcr = 3.2 Hz), 130.6 (d, Jcr = 8.2 Hz), 129.5 (d, Jcr = 8.6 Hz), 127.8 (d,
Jcr = 3.4 Hz), 127.6, 123.8, 123.4, 122.8, 116.5 (d, Jcr = 22.8 Hz), 115.4 (d, Jcr = 21.7 Hz),

110.0, 104.5, 51.9; HRMS (ESI) calcd for: Co2Hi6F2NO2" (M+H)* 364.1144, found: 364.1150.

Ethyl-1,2-bis(4-fluorophenyl)-1H-indole-5-carboxylate (9).
0O

N
N

F
Ethyl-4-oxocyclohexane-carboxylate 1h (47.8 pL, 0.3 mmol), 4-fluoroaniline 2q (19.3 uL, 0.2

mmol), 1-(4-fluorophenyl)-2-hydroxyethan- 1-one 3e (38.5 mg, 0.25 mmol), morpholine (3.5 pL,
20 mol %), KI (6.6 mg, 20 mol%) and DMSO (28.4 puL, 0.4 mmol) reacted in toluene (0.1 M), at
150 °C for 12 h. The residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate/EtsN = 100:5:0.5, Rr = 0.35) to afford 43.8 mg of 9 as a yellow solid in 58%

yield, mp = 137-139 °C.
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'"H NMR (400 MHz, CDCLs, ppm) & 8.44 (d, J = 1.2 Hz, 1H), 7.90 (dd, J = 8.7, 1.5 Hz, 1H),
7.23-7.19 (m, 5H), 7.17-7.12 (m, 2H), 7.01-6.95 (m, 2H), 6.83 (s, 1H), 4.41 (q, J = 7.1 Hz, 2H),
1.43 (t, J = 7.1 Hz, 3H). BC{'H} NMR (100 MHz, CDCls, ppm) 6 167.4, 162.4 (d, Je.r = 248.5
Hz), 161.7 (d, Jer = 248.6 Hz), 141.3, 141.1, 133.7 (d, Jer = 3.2 Hz), 130.7 (d, Jor = 8.2 Hz),
129.6 (d, Jor = 8.6 Hz), 127.8 (d, Jor = 3.4 Hz), 127.6, 123.9, 123.4, 123.3, 116.5 (d, Jor = 22.8
Hz), 115.4 (d, Jor = 21.7 Hz), 110.0, 104.5, 60.7, 14.4; HRMS (ESI) calcd for: Co3H;sFo2NO,*

(M+H)* 378.1300, found: 378.1305.

7. Reference

[1] H. Huang, R. Hou, H. Wang and L. Chen, Org. Prep. Pro. Int. 2006, 38, 473.

[2] J. Barluenga, A. Jimenez-Aquino, F. Aznar and C. Valdes, J. Am. Chem. Soc., 2009, 131,
4031.

[3]J. Gao, Y. Shao, J. Zhu, J. Zhu, H. Mao, X. Wang and X. Lv, J. Org. Chem., 2014, 79, 9000.
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8. 'H and 3C NMR spectra of products

000 —

are—

zL'9
66'9
66'9
oL
oL
VL
614
0z'L
1zZ'L
\zZ'L
zz'L1
£2'L
€24
€z'L
vZ'L
vZ'L
sZ'L
szl
0E'L
0€'L
0£'L
LEL
zeL
£EY
£eL]
ve's ]
vEL
1€

LE'L
BE'L
BE'L
6E°L
Wl
WL
WL
eyl

O
b
4a
H NMR (400 MHz, CDCl5)

Me

82D

aeoooo

-t -

9.0 8.5 80 1.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

2.5

8E'IZ —

89'9.L
00°LL W

2ELL

ZE'E0l —

S2°04 —
aL'ogl
06'EZ
L6921
[4%r4
06°L21)
L0'8gl
GF'8Z1
8L8Z1
SLezZl
A
29°ZEl
SrLEL
B9'BEL
AN

vl
N
4a
13C NMR (100 MHz, CDCls)

Me

70 60 50 40
1 (ppm)

80

0

110

S36



888
~

£Le
SL2
L

6LZ

vL9
2oL
2oL
vo'L
So'L
0z'L
WL
ZZ’L
czL
es |

9z'L
eL
L
ze'L
€L
£e'L
peL
18]
1E°L |
6€°L

66°L
or'L
3-8
6L

\.N\h”g a

Et
4
"H NMR (400 MHz, CDCl3)

Tooe

Tooz

g888e's

Ry fpip S

555805488
7.5

6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

7.0

8.5 8.0

9.0

¥S59l —

96’82 —

B9'9L
00°LL W
cELL

PPE0L —

6E'OLL —
€68
S.NN—/
00221
SLigl
E6L21
orsezL
£p'8Z1
288zt
m_..mN—..\
S9ZEL
aLeel
GS'LEL
L9'BEL
SLovi

vl
)

4b
3¢ NMR (100 MHz, CDCl3)

Et

130 120 110 100 90 80 70
1 (ppm)

140

S37



000 —

8960
hm.cw
660
S9'1
L9
691
WL
EL1
St

892
cm.NW.
e

4c
"H NMR (400 MHz, CDCls)

Fooe

Fooz

0.0

7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

7.5

8.0

8.5

9.0

Z6EL—
sz —

SLee—

69°9.
ODFNW
CE'LL

ZPeol —

S2°0H —
S9°6LL
Nv.mm—/
96'921
viLEl
26'LE)
608l
9E'8Z1
eg'ezl
h—.mu—\»
wm.ww-\
60'GE}
65'LEL
89'8El
oLovt

13C NMR (100 MHz, €DCl)

40

60

70

f1 (ppm)

120 110 80

140

150

S38



W=

e —
Zz'L
vZ'L
SZ°L
9z’L
82'L

Ze'L
FEL
BE'L
or'L
Wi
69°L

"H NMR (400 MHz, CDCl3)

I

Fooe

0.0

0.5

F - 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5
1 (ppm)

8.0

8.5

68°LE—
09'vE —

89°9L
00LL W...
eELL

E8'E0L—
oL —

BE'GLL —
BS'0ZL —
|6°9Z1
vLLZL
|ELEZL
£0°821
oL'szl
Z8'8Z1
LI'6Z1
69°ZEL
LILEL
99'8€L
BLOFL
LOEFL

i@,
>
d

4
'3C NMR (100 MHz, CDCl3)

M

100

140 130 120

150

80 70 80 50 40 30 20 10
1 (ppm)
S39

a0

110



19—
6L°L
6L ]
1z
2L
£z
re'L
sz'L
9z
L]
8.&
GE'L
BEL
or'L
ZvL

€9°L

5

H NMR (400 MHz, CDCl5)

4e

*00'E

=009

oz

006
00t

0z
~o0'L

85 80 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0
1 (ppm)

9.0

0E6—

S0'62 —

PLLE
e

89°9L
ze Ll

I8'E0L —

S00LL—
9E'LLL
a0 Lk /
vm.mw_/
gL LEZ)
88221
zo'szl
o018zl
nm.wu_\
SL'BZI
vLZEL
ELLEL U.m
oLgeL I

13 NMR (100 MHz, CDCl5)

T

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10 5

15

1 (ppm)

S40



Z6'0
£6'0 >

6EL —

0Lt
oLk W
[ ¥

oLe
€LE

siz w

LLE

iL9
v0'L |
vO'L
90°'L }
90°'L Yy
<N |
9z’ L
sz Ll
ZeLN
£EL
rEL
ot L
8se’L
or's ]
v
L
IsL

0.0

05

3.5 3.0 25 2.0

N
'y,
4‘.0

"H NMR (400 MHz, CDCl5)

4Af
45
1 (ppm)

6.0 55 5.0

6.5

7.0

75

8.0

8.5

60PL—
€922 —

9518~
661e”
66'SE

89°9L
00°LL W
ZELL

EFE0L —

820 —
8564
BE'EZI /
B6°9Z1
eL L2
26°L21
60821
LE'BZIL

Ze'8zl
h«.mu—.\‘

99°ZeL
PESEL
S5.EL

L9'BEL
69°0F1L

&0 50 40 30 20 10

70
1 (ppm)

o

13C NMR (100 MHz, CDCls)
s41

4f
80

130 120 110 100 a0

140

150




PEE—

89
189
ve'L
ve'l
SsZ'L
9Z'L
9z'L
9Z'L
8z'L
SE'L
9e'L
9€'L
el
1E°L
6E°L
6E'L
Wi
ZrL
£ L
[n N

TH NMR (400 MHz, CDCl,)

oL
sred
o8'L
182}
mm.h%
69L
vre
cva”

too's
= tooe

1

Foo't

40 35 30 25 20

4.5

f1 (ppm)

SE'IS—

89'9L
00°LL W
eELL

LSO —

€C0LL—

ow.NN—
c.v.ﬂN—
09'eZl
vaLEl
WLLZL
98'L2l
61821
s8'8zl
LE'6E1
28 LEL \
Z8LEL
v vl
Zheri

86°.91 —

4g
3C NMR (100 MHz, CDCl3)

S ——

160 150 140 130 120 110 100 9 8O 70 60 50 40 30 20 10
f1 (ppm)

170

542



000—

293
e

8EF
o'y
vy

L

189
vzl
szl
8z'L
oL
1E'L
1L
geL
6eL
WL
evL
v
srLf
spLF
syl

8L
8L
68L

68°L
Sr'e
sr'8 >

4h
H NMR (400 MHz, CDCls)

[oo's

008
Fooe

oot

4.0
f1 (ppm)

4.5

5.0

8.5

7.0

7.5

2.0

Srvl—

6509 —

89'9L
oa.hnv
ZELL

ESVOL —
020k —

LOEZL
reeet
voEZt

S9'LZ)
vLLEZL
L& LZL
L2'8zl
68'821
6E'BZL
Z6°1EL
Z6'LEL
LZ vl
Zhevl

S L9 —

g 3

Q

(]

Xy, O

/ N

=~ N e S

=

o

= o

° -

P 9
A o _
m

60

80

f1 {ppm)

140 110 100

160

170

S43



000-—

58'9
£2'L
ve'L
vZ'L
sZ'L1
9Z'L1
@Z'L
8Z'L
0E'L
2E'L J_r
VE'L~5
sesf
-
2
AR §
ZrL]
vyl
op'L
99'L
89'L
68'L

4
"H NMR (400 MHz

cDCl3)

3.5

4.0

1 (ppm)

4.5

5.0

89'9L
00'LL v
ZELL

86'€0) —

E8°0LL—
G6'8LL

m—.NN—/
ov.ww—/
SZLEl

9E'LEZ)

¥E LE)
918z}
va'gZl
[48:74
98'8gl
gz'62l
or'ZEl
LZ¥EL
rr8eel
e5'8el
6E° LTI
b2 1A )

N\
b
3C NMR (100 MHz, CDCl3)

4i

S =]
=]
o
[
(=1
Ll
o
=
(=1
w
o
[ ©
o
[~
E
od <
[oa <
g (%]
-
[=}
i
o
L ©
=
o
|1
o
Loy
b
(=}
S
o
S g
o
o
o wy
(=]
(S
-~




£8'0
06'9
Z6'9
zEL
£2'L
£2'L
ve'L
sz
9247
2L
ha.h;
62'L
(19
£E'L
SE'L
9E'L ]
mm.ﬁ_.
2821
gL |

or'L
ZrL
L
essL
¥S'L
8L
8L

HO

4j
TH NMR (400 MHz, CDCls)
The peak of the hydroxy! group did not appear.

0L
0'e

0'L
[
0'g

0g
B0t

0.0

05

20

25

3.0

1.5

85 80 75 70 65 60 55 50 45 40 35
1 (ppm)

9.0

9.5

4
13 NMR (100 MHz, CDCls)

HO

il

89'9L
00°LL W
ZeLL

88'E0L —
8L0M1
55511 /.
w.v.m——a/
06" 121
nm.hm—/
FELEL
S6'LZ1
aL'ezl
25’821
LL8ZL
98'8c1
82621
FrZel
26'EEL
SIL'SEL
FZ'8EL
8F'BEL
EEI¥I
PSS s\

110 20 70 50 40 10
f1 (ppm)

140

150

S45



o
000-— _ el

igE—

e — 00E| W
o

- & 3
el
- ]
Q
] 5 2 J g
&} F<E N
N 2 s
E - 89°0L N < =
2 = i | . = O
Z x e 00LL o
=] ZELL T
= ° x
O
o = = O
= T L ]
p— w
s.'9 LS T
00'2 © 95°€0}
20,1 srol
80°L 1 | v 0—.0«—
6L'L © —.V.NN—
02'Ly WOO.— S0'9ZL
tr A CL rO'L2L
ez %.— N £0'821
szL-d J00°L 10821
VWL 00 | £L'821
eesf ooz |2 £e'8zl
serdf 00 61621
6L NN.NN—LJ__W
WL o vOZEL
vl Ea 29'8EL
-1 93 mﬂ.mmwﬂ
i-v4 - LorL
Fe

145 140 135 130 125 120 115 110 105 100 95 80 B85 80 75 70 65 60 55 S50 45 40 35 30 25 20 15

1 (ppm)
S46

T

T

T

T

T

T




EVi—

voZ—

G
ors”

L0'9

mo.mv
tzg”
oL
mo.hw
90°L

90°L
]
80'L
B0°L
49}
EbL
viL
ShL
ShL
STL
6ZL
0e'L
gL
L
VEL
zZeL
EE'L
vEL
SEL
9E'L
LEL

O
»

4
H NMR (400 MHz, CDCls)

09

=001
001

0'E
0y

Booe

-0

11.0 105 100 95 90 85 80 75 70 65 60 55 50

35 30 25 20

10 05 00

1.5

45 40

1 (ppm)

1.5

cosz’
PEE
19798,

89°9L
00°LL W
ZELL

BF 601 —

96'FLL—
8LLH—
BSGEL
20421
oLl
SELZL
26421
68821 \\
Z9°0EL
LO'EEL
PLEEL
66 PEL
GE'BEL

13C NMR (100 MHz, CDCl3)

T T T T T T

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 €5 60 55 S50 45 40 35 30 25 20

15

1 (ppm)

S47



00'0—

oz L
ZZ'L
rZ L
az'L
8Z°L1
0EL
gL
rE'LY
LEL
BE'L
i
WL
£b'L
vl
SPLy
LA
98°L~
85,

cm_..__..\ﬂ
68°L

_,m_nﬂ
oe's

Nm.mv

4m
"H NMR (400 MHz, CDCl3)

80 75 70 65 60 55 50 45 40
1 (ppm)

8.5

B89°9L
00 LL W
ZELL

FAYAL
00'EZL
SIL'EZL
hN.nN_.J_ﬁ
S9EZL
PA: =TS
ro'L2L
[P rat
|8 LEL
LIBZLA
PS 821
[3:0: A Ty
ZE'BZL

Nw.mN_..\.
Nw.Nn«.\ﬁ
ZP'SEL

mm.mﬂ«&
86°8E1

mh.uowl/

el
N
4m

13C NMR (100 MHz, CDCls)

145 140 135 130 125 120 115 110 105 100 95 90 85 B0 75 70 65 60 55 S50 45 40 35 30 25 20 15 10 5 O
1 {ppm)

S48



1.0

35

4.0

1 (ppm)

899N

10

15

o

4n
3C NMR (100 MHz, CDCl3)

Br

1 (ppm)
S49

00'LL
ZeLL Y

4n
H NMR (400 MHz, CDCl5)
5.0

Br.

6.0

Fo SS20l
mN.mw—y
60°LELY

. H SO'ZZ )

SL'EZH

08'vel

L m eiog:TA N |

LZLZ1

ELLZ

vLBZL

ve8el

S8'821

06'8Z 1

=0 WEZL
= o0} mm.cm—%

7.5

™ ¥60EL
] PEZEL
ar'SEl
. 0L'8EL
ro SSBEL

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20




000 —

00—

L0°L
80°L
oL
oL
AV
ZZ°L
zzL
zTL
€241
vz LT
Gl
9Z'L
8z L
6Z'L1
L
LEL
9E'L
9E°L )
e
L2
8eL]
62 L
6eL]
ZrL]
evs]
L
SrL
SvL
ab'L
05'L
z9°L
29°L
8Ll
o8L

OMe

40

H NMR (400 MHz, CDCl5)

100 95 85 8.0 70 65

S5 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0 75 6.0

105

6E'SS —

89'9L
DDFNW
WLl

99°Z01
L9201 v

LLB0L—

m&.m&:
_o.mm_%
AR
L6921,
9v'LZLF
51821
s18z1
106zl
6Z'6Z1
80°0EL
S9ZEL
lgsel
1B
99'8€1 |

r0'8sk —

OMe

13 NMR (100 MHz, CDCls)

80 70 60

1 (ppm)

a0

150 140 130 120 110

160

S50



o
000— - ]
w
ro
Le
22 gz —
Lo
o
o
Ji |
vz — J fooel
o
]
wn
Fe
o g9'9L
(=
m P E S,RW
o & L
N 0=
7 = [~
z
8 S 6E'E01 1
o 89°911
= w mﬁ.w:._.
= Lo
) = = w 120211
vl F vovzr{l
0L . £5PZ1 1
ve] & ey
912 = 19921
LiL e AR 8
N".Mﬁ Lrezt
P :TA N
ez e 898z
ez sy e pelad
MW.ML“ eeezt |
it n Zroek g
Ly ~ £F0EL
Ly v ZEL 1
_.m.h. - B LIEL
MMM e 1z
il 84961 —
ol . 82651 —
el [

60 50 40 30 20 10

70

N
N
5a
80
1 (ppm)
S51

F
3C NMR (100 MHz, CDCl3)
100 20

Me

110

120

150 140 130

160




98’ —

Me

i -

Me

TH NMR (400 MHz, CDCl,)

0.0

0.5

1.5

2.0

8.5 8.0 75 7.0 8.5 6.0 55 50 45 4.0 35 3.0
1 (ppm)

9.0

PSLL—
vz —

89°9L
00°LL W
€E'LL

LHEoL —

PO —
L0021
vLETH T
92921 7|
S1L'2Z1 7
80821 9
SL'8ZLA
9Z'8Z1 ]
IE'8Z)

9r'BZL ]
v9'6Z1 |
FANTIR
grzer
99'9g1 1
zv 1€1
zZL gL
ovivk’

L
v
"
r
[
-

N\
N

Me

Me

b

5
3¢ NMR (100 MHz, CDCl5)

s

1 (ppm)

140 130 120 110 100 20

150

S52



80

1 (ppm)
S53

110 100 90

120

o
= [ o
00°0-— °
Fo
ﬁu. _—
5 o
e &
b a
- O 3}
< T
i o 25y . £
2 n W
= TO0EFf o L 2
Bre— £ 2
- 4 2
- w WD ssﬂ-lv
rE9 . S
98’9
9€'9 e
sv'g
L9 i
Mm.w 2 ¥ 89°9L
o 00 hh\
coo 8 P zEeLL
£6'9 8 -
66'9 < E
oL T I .a.ﬂ
€0'L s 3 =
vo'L 3 e
b £ = 00z @
= WA pars
il x 0
L S Loo S
] 2 = 0S| o BEOLL—
A = - die s 60021
o 3 69'EZ1
ve i %a__ - 59'9zZ1
oc:] il LLOZL
o] wélg I 85221
e 00t o T A%y 4
il £8'221
i L= 68'22) 1
o' > r1'821 ]
o s o 61'821
o G '8z
L om.mm;
5 0 296z} |
51 B Z151
s o £5ZEl
65 re 16°SEL
5. - GS'LEL
o b LE'8EL
£ 2 av'ovl
o o PPl
L9°L B

160 150 140 130

170




2497
L6'91
LE'9
669
0L
E0°L
S0°LA
S0°L

0Z'LA

zZzL]
£zl
sz'L]
gL
£E°L
veL

5f
'H NMR (400 MHz, CDCl3)

Me

p—

LE°L1]
:

*00'€

Mo0't
HBG.V
6'G
01
%o_ i

- SE'lE —

35

89'9L
00°LL W
ZeLL

45 4.0
1 (ppm)

5.0

BEEIL
ZEELL
SIPLL
S0°SHE
o BZ'SLE V
© ze0zl —
L9°€2)
ovezr
L1pzL
6E221]
£z'9z! |
o 65821 ]
= 9,821 ]
zz'ogl |
_m.om;
—m.cm—._
Dm.Nm—._
= 0Z'LE1
= LUovL
1Z0%1

hm.ov—s\
M rOval

e =

Me

5f
13C NMR (100 MHz, CDCls)

il

I

160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10
1 (ppm)

170

S54



are—

LL9
0oL
EDL
EDL
oL
roL
S0°L
S0°L
0L
LITLAE
6L~

¥Z'L]
8Z'L
8Z'L
8e'L
62'L
0eL
LlE'L
Sl

0.0

4.0

Cl

1 (ppm)

N
N
5g
45

"H NMR (400 MHz, CDCl5)
5.0

Me

god'ee d

555808

LEle—

89'9L
00°LL W
CE'LL

S6'E01 —

O0LL—
LE0Z1
ghvel
€291
02°L21
[A AN
Fi: ral
SZeel
85'821
08’8l
EL0EL
SEDEL
l2eel
rovEL
6L°LEL
L6'6EL
SSori

L

20 10

30

O

40

N
N
Sg
3C NMR (100 MHz, CDCl3)
50

60

Me
70

S55

1 (ppm)

100 20 80

110

120

140 130

150




SIERAAARES € 8
L S L S O e ] o~ o
——— | |
Me
N
Qm
5h
TH NMR (400 MHz, CDCl,)
|
J l
0P - é
3‘ (] 75 7‘ 1] 6‘.5 6‘.0 55 5‘.0 4‘.5 4‘.0 3‘.5 30 2‘.5 2‘.0 1‘.5 1.0 0.5 0‘.0
1 (ppm)
BERZINEHZEBEIRZETREG N s 5
SECUSRRRINRNRINRES NS 5
Pl rrpeaa 2 | - I
Me
N
\ #/ —Br
5h
13C NMR (100 MHz, CDCl5)
|
\ , I
|I50 1‘45 1‘4(] !I35 1;30 1‘25 1‘20 1‘15 1’10 165 1‘00 9‘5 9‘0 EI;S 3‘0 7"5 '.I‘I'B 6‘5 6‘0 5‘5 5‘0 4‘5 d:o 3‘5 3‘0 2‘5 2‘ 1‘5 1‘0 0

1 (ppm)

S56



we—

Fo?
60°L
LyL
6LL
0z'L
ETL
vel
6E°L
WL
L

00

Me

OCF,

5i
TH NMR (400 MHz, CDCl5)

o

4.5

d

i B S

g8 &ds

- -

75

35 3.0 25 20 15 1.0 05

4.0
1 (ppm)

6.5 6.0 5.5 5.0

7.0

8.0

Se L2 —

89°9L
00°LL
ZELL

SLvolL—

26'601 —

sr'all
mo_m:/
oE'6h
Woel
z9'0Z4
19z
8LPZh
0EFZIL
10921,
AR

e

69'821
S8'821
L2'0EL
w.v.cm_.;\
SLZel
WOLEL —

90°0F |~
L50rL

FA 140
=114

Me

EFEri
mv.mv—%

OCF,

N
N

5i
3¢ NMR (100 MHz, CDCl3)

105

115

120

L —

——

125
1 (ppm)

130

—

135

|
[
1;15 140

150

1l

120 110 100

130

10

20

30

80 70 60 50

90

140

150

1 (ppm)
S57



(=]
000— L Fo
0
[ o
o
ge 1z —
4 | w
o
J ki
vz -IL »00E | oo
o
e
w
.N e
=
p— ]
o o F L9~
o} o g <E .
z a s 89'9L
9 O g e 00LL%
0L u.rm. = b ee'LL
vo'L =
90/ 1 “ Nz &= =
= F £
V'L =g
1eL x S
1zL St 0
€241 ® - W [
€211 T = 68701
vz L] = - 8 o zo601\
Sl [} Fw —m.om—/
. =
LZ'L
i “ :
or ] e tii
=1 VS o U,O . rr'BZL
WL 0L o £8'8Z4
wi #00°b i~ v6'8Z1
R | poos S6'621
8 LA 02 s 880EL
1S LG L E8'IEL
vm.& SLEEL,
95, S6'9gl
918 L2 wa_mm_ﬁ
91'g 553 LrovL
m_.m% e
gl'g 0 89'8¥1
[ @

20 10

NO
30

40

5
13C NMR (100 MHz, CDCl3)

50

Me
60

70

f1 (ppm)
S58

110 100 a0 80

120

140 130

150




e

L9

004
z0L
shLy
L1217
€zL
vzL |
szL
8z,
oE'L
Wi

!

EF Ly

3&&

L
oo’
eo's

so'e

; Q
N
o}

Me

M

O—

5k
"H NMR (400 MHz, CDCls)

35

“00'e

4.5 4.0

5.0

7.0

7.5

& ddin

-

1 (ppm)

Ee’ Iz —

sZ'es—

89'9L
00'LL W
ZeLL

0Z'sgl —

FE'EOL —

86'601 —

L1202 —
aL'vel
6Z°L2)
ro'8cl
ghegl
958zt
09821
88zl
8262l
LZ'oek
e LEL
0Z'ZEL
FrEEL
82 LEL
86'8E1L
LS0F L

e

—_

N
N
@4"
(o]
5k
13C NMR (100 MHz, CDCl,)

120 115 110 105

1 (ppm)

T
125

135 130

140

| MIMH N

1 (ppm)

160 150 140 130 120 110 100 0

170

S59



000—

rZT—

vL'9Y
€02
S0'L Y
AV
9147
8L

6LL ﬁ
0z'L
1z L
SZ'LA|
9Z'L
ZL
L
Eb'L
L]

I‘-‘I"ﬂ'

0s'L
¥&'L
B65°L
3: 'R

O

N
N

Me

CN

5l
"H NMR (400 MHz, CDCl,)

Ju

=00'e

5.0 45 4.0 35
1 (ppm)

5.5

6.0

EEIE —

89'9.
00'LL W
CE'LL

89'v0l

Nw.mc—/
LEELL
06°LEL
vS0Z1
srvel
69°L21
ZF'8cl
EL'BZ1
ra'ggl
81°0E1L
LE'DEL
LLODEL
68'0E1L
6L IEL
ZEZEL
Z6'9E1
LLGEL
LEOFL

B e

N
N

Me

CN

51
13C NMR (100 MHz, CDCls)

15

145 140 135 130 125 120 115 110 105 100 95 90 B85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

S60



000—

€eT—
or'z—

1297
86'9 1
0021
80°L 1
[AVE
vLL
9L
8121
12 L
zz'L7
€z L
vz L
vz L]
sz'11

e

e — T

NNHA
Sv'L

N
N

Me

Me

JUL

5m
"H NMR (400 MHz, CDCl3)

*00'€
o0

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

Ze'le
mm._Nv.

89'9L
00°LL v
ZeLL

666 —
LEQL —
9E'0LL
60°0Z1)
BLECL
90'sel
60°LE)
[A: x4
S0'8Z}
EF'8cl
SL'8el
£6'821
mm.mn—k\__.
LLEZEL
1S LEL =~
09'8€1L

:_ma_.\

LLovE

O
N
Me
5m

Me
13C NMR (100 MHz, CDCl3)

Vel M

145 140 135 130 125 120 115 110105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10 5

15

1 (ppm)

S61



000~

(V]
0021
00Z1
zo'L
rA1 8
L0°L
oL
80°L 1
60L
[IWE 3
LA
LA
ZhL]
ElL
8L
Ve
0z'L
0z 'L
\eL
LeL
zz'L
vz L]
SZ'L
orL

4.0

45
1 (ppm)

N\

N ;
F

n

5
"H NMR (400 MHz, CDCls)

Me

9g'le —

89'9L
00°LL W
ZeLL

EEEQL —

vOOLL—
€091
SZ'9kk
[ALTA
LovEl
mn.hN—W
g1'acl
Zv'ecl
[3:5:743
vr6Zl
25621
BO'DEL
LEEZEL
99'vEl
69vEL
e5'LEl
LLorl
90’091 —
LS29L—

30 20 10

40

N

N ;
F

n

5
3¢ NMR (100 MHz, CDCl3)
50

Me
60

70

80

f1 (ppm)

S62

150 140 130 120 110 100 90

160

170



00°0-—

ov'e—

zL'9
0oL
0oL
Z0°L
20'L
vLL
S
ab’L
e
e
nys
814
ECL
vZ L)
szl
mu.ﬁ
9z'L

GE'L
9E'L
ae’ s
2847
8L
9L

av'L

0
2

Me

Cl

50
TH NMR (400 MHz, CDCl5)

FOO'L
0L
0°€

%o_m

002

00t

40 35 30 25 20 15 10 05 00

4.5

5.0

f1 (ppm)

gg’1z —

89°9L
00°LL W
CE'LL

LLEOL—

000k —

Dm.DN—
——.VN— A_
EE'LZ1
£2'8el
yS'8ZI
og'8cl
LO'BEL
4% 14
6E'BZI
Z20EL
LZEZEL
85°ZEL
2zl
sori

AL

Me

Cl

50
3C NMR (100 MHz, CDCls)

140 130 120 110 100 90 80 70 &0 50 40 30 20 10

150

f1 (ppm)

S63



000—

ZL97
oL
£0°L
60°L
orL
oL
L
zZyL
AN
Gl L
L
jr W A
LAV
szL
sz'L]
1z
orL
054
-y
5L
€64
ESL

—

¥5'L

e
e
= a

5
TH NMR (400 MHz, CDCls)

Me

H0'E +

05

45

0.0

8.0 75 7.0 85 6.0 55 5.0 4.0 35 3.0 25 20
1 (ppm)

8.5

9ELlE—

89'9L
00°LL W.
2ELL

FPEEOL —

66601 —
0E'02!
PS0ZI
clvel
v.n.hN_.,/
vZ'ezt
95’82
08’821
w.m.mN_.%
wN.Dm_CKv
mxu.um_,L
9EZEL
ELLEL

2L LEL
Srovi

O
v

Me

Br

5p
13C NMR (100 MHz, CDCls)

70

110 100

120

130

140

150

50 40 30 20 10

60

1 (ppm)
S64

80

80



(78]
16’9
669
00'L
oL
al’L
8L
sZ'L
a9z'L
LE'L
8gL
62°L
ar'L
oL'L
eLL

H NMR (400 MHz, CDCl5)

I

Yoo
Ho'e
=00}
*00's
=00}

méc.m

0.5

1.0

LEle—

2.0

BN

T
35

B9'9L
00'LL W
ZeLL

4.0
1 (ppm)

T
4.5

[=] . —
LS 98’16

16'€01 —
(=] . .
3= zo'ott

mu_ou_
5 N—.VN—;/
Fo 9 LZ1
9z'8z1
85'8z1
ze'8ziy
z9'621
LZ'0EL \____‘
GZ'ZEL
Fe 90°2EL f
ve'8el
£r'8el
o Zr'ori
=]

A .

4

Me

3C NMR (100 MHz, CDCls)

10

40

140 130 120 110 100 90 80 70
1 (ppm)

150

S65



000~ —

€EIE—

20

L= ——=00¢ | & o N\Q\

3.0

Me

E

N ;

o 89'9L

= 00'LL W
2e'LL

O
N ;
OCF4
r
"H NMR (400 MHz, CDCl3)
4I5

L2 L8'€01
66601
19'911 /
o 9161l
Fw 9€'0Z}
zg'1z1
ZL el
6LFZ1
8Z'vZl

Me

6.0

OCF,

5r
13C NMR (100 MHz, CDCl3)

70

f1 (ppm)
S66

20 80

100

110

120

w .
L & 09'8Z1

ov'L2)
nu_mu_w
B69 - Foo't crezt
w-.h/ _ L
ot == 2507} 9z'zel
| AV = ﬁr mmuhm—*
szl 6 oe'L€1
[T AV . S
i Yo' Lyl

7.0

140 130

150




000-—

vz —

¥L'8
2oL
vO'L
0L
Zz'L
€TL
ve'L
SZ'L
9z'L
2e's
SE'L
JA
¥o'L
99'L

—

e

‘&
N):(
CF5

5s
"H NMR (400 MHz, CDCl3)

Me

*00E |

00}
004
¥00'9
002

00’}

*00'E

0.0

4.5

05

1.0

35 3.0 25 2.0

4.0
1 (ppm)

75 7.0 6.5 6.0 55 5.0

8.0

EE I —

89'9L
00°LL W
ZELL

65'v01 —

8¥0zt
15221
IEVZL
1z'szl
62921
Ze'9z1
A
or'9zi
05221 ]
88'LZ} ]
z0'8g |
ve'ezl |
95821 |
Gm.mﬂwu__
S8zl
09°0EL
LLZEL
00 LE} |
Lyov1 ]
180

g9t w%

s
2

9

Me

CF,

5s
3C NMR (100 MHz, CDCl3)

80

1 (ppm)

100

150

170

60 50 40 30 20 10

70

90

110

120

130

140

160

S67



Fe—

E6'E —

—

H NMR (400 MHz, CDCls)

*00'e

=00°E |

=002 |

0.0

0.5

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

8.5

EElZ—

oZes—

B89'9L
o0'LL W
ZELL

68667
6v 0L
200041

BE0Z
azZ'vel ,/
or'iZt
EFLZL
SZ'eel
LL82) =

ezl
LY OEL
08°0EL
SZEel
68°9E1
arori
8- 4%

or'egl —

13¢ NMR (100 MHz, CDCl3)

110 100 0

120

130

140

160

170

70 60 50 40 30 20 10

80

1 (ppm)

150

S68



ire—

ale—

5.9
oL
90°L
0z'L
oZ'L
\Z'L
zz'L —
vZ'L

sZ'L
9Z'L¥
LZLg
L

6E°L
erL
8rL

SE L~
&L

"H NMR (400 MHz, CDCl3)

_J

*00'E

=00’}
$00'9
LS00
=00’}

T
35

45

1 (ppm)

sz’ —

6E'¥F —

89'9.L
00°LL W
eE'LL

£2'501 —
L8001 —

mm.cN—
om.vm—/
€912}
L0082}
oF'8cl
a8v'ecl
6L821
98'8g|
¥8°0E4
FELEL
ra'sEl
SLeel
om.ov-\
ySERE

00
2.

Me

\

0=5~

5u
3C NMR (100 MHz, CDCl3)

1 (ppm)
S69

140 130 120 110 100 90

150




00—

ive—

L8
S0L
SO'L
0L
0L
0z'L
(A
ee'L
£ZL
SZ'L
121
8Z'L
B2'L
62°L
0e'L]
ge'L ]
8€L
8r'L
vZ'8~,
e’

A

Me

NO,

5v
"H NMR (400 MHz, CDCl5)

*00'€E |

OO’
0k
0'e

00'v

*00e

00’

ooz

25

5.0 4.5 4.0 35

5.5

1 (ppm)

EE' 12—

89°9L
00'LL W
eeLL

¥9's01 —
9L'601 —

69'0Z)
E.vm_/
wh.nu_/
mm_.‘.u_w
Z0'82)
05821 T
88'8z1
Z0'BZ)
ZLIEL
68 1€}
mm.mm_\
EEOVI
Lrrrl
S9'GP I

AT

Me

NO,

5v
3C NMR (100 MHz, CDCls)

Wb

o

o

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

S70



000— - B M
o
=]
Lo
e 6zl —
0
=
[ ™
Srz— = Tooe @
o
[ o
]
]
[t}
P £
O 9 =3 6992
= O - 00'2L 7
o o ZeLL
T LW
7N 2 = kL
n o
g o
Tt [ w
14
=
] =z w
= T [
61501 —
& 69'604
F o Lo
£L9 LZ'8LL
ZoL hm.om_/
0L : wm.vm_/
FAW) Nm.nm_/
L £0'821
8L 9E'8Z1
6L 8.'821 Hw
[FAV 98'821
vZ'L SE0EL
SZL 98’ IEL
az’ L wc.nm_\
- 95'9E1
b m—.ow_\
292 roErL
oL

O

CN

G

5w
3¢ NMR (100 MHz, CDCl3)

Me
70

f1 (ppm)
S71

100 20 a0

110

120

130

140

150




s
000— ” o
["s ]
Fo
Lo
g BE1Z— —_—
J e
=
o
L2 Q
- (6]
- . W o N
erz— == F00E€ | W
N M
[=] o
L2 =
O g
L= d z
= = L
L] -
5] Lo,
= o &
o N = 89°'9L
T L o< S.RW
N o ze'LL
w o
B (=]
Vh.w = L M
'L =
20°L =
€0°L = | v
v0'L m T Lzt
L - 25'E0)
vEL | e mm.o:,/
veL 2 12021 -
SeL 8e'ZZ1
Bzl ] 0 L6€21
%.MA fe 16'92) —
N .
- Foo'i 81LZ)
6221 0 |o 05'L2}
oezf ‘b e zLLEh
_.wmw A ! kww.v 60°'8Z1
2 Yool 91'8Z1
Sy R00E | o 15821
SEL g 00y £8'821
9eL] 10eL
8E L] L2 £9ZElL
vy EFLEL
Wiy SELEL .
e | w Z9'6EL
294 i So'0F)
po'L] coorl
vo'L

10

15

f1 (ppm)
S72

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20




BE'Z ~
oz

0L'9
8691
00°L 7y
0Ly
2L
SLL
1L
8L
0Z'L
zz' L

reL

A~ AT

Me

Me

Sy
H NMR (400 MHz, CDCl5)

s

= 00'E
* ooe

M/ ool
=001
Jooor
N\ 0oL

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

8.0

FAN ¥4
hm._NV.

B9'9L
00°LL W
ZELL

00'E0L —

SEOLL—
LO'0Z}
gl'ect
LLEE)
80°L2)
69°LE)
L0821
3814
[3:8:74
L8621
9LEEL
LO'SEL
I8'9EL
6S5LEL
SLOv

e L g

O
3

9

Me

Me

Sy
13¢ NMR (100 MHz, CDCl5)

TP

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 &5 60 55 50 45 40 35 30 25 20

10 5

15

f1 (ppm)

S73



reL—

oLe
169
669
€L
8L
8L
XAV S
€eL
€Z'L
SZ°L
9zl

—

8eL]
oL
Sl

Me

5z
"H NMR (400 MHz, CDCls)

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

6E 12—

9€'IE—
Z9'vE —

89'9L
00LL v
eELL

66201 —

SPOL—

vc.cN—
nh.nu—/
£0'9Z1

yO'LEZ)
rE'LEZL

mo.wm—
mm.ww—
og'8zl

8L'621) \
LLEZEL
LE6'SEL
vm.nm-\

eLov
66'6¥L —

N
N

Me

5z
3C NMR (100 MHz, CDCls)

S74




o
00°0-— s L 2
w
Fo
L2 BE 12—
w
<
- [
e ImFS.n o
=}
™
w
Fo
= 89'9L
= oF o0 17k
= L SE
O m & ze1s’
@4 O =
P w
_-. -0 m F
V= — m =
B8 e
O 4 )
m K 80°E0)L —
N w
i)
) = T 120k —
002 L2 POBLL
2oL cw.m:.%
S0'L 9L0Z) ~
0L L9 LLUEZ)
F WA LBEZL
LAY § 0Z'LZV-F
914 = £1°8Z1
LbL ,m e BEBZI
6L €88z}
mm.h | 1 i EZ6Z1
vzl F e S8'6Z1
mN.h._ E6°6Z1
iZ'L 152l
SE'L L2 £OEE}
84 85 LE)
GE'L 9l'0FL
sv'L 0 cm.mf%
@ 59951

30

N
N (
OPh
5aa
13C NMR (100 MHz, CDCls)
40

50

Me
80

70

90 80
1 (ppm)
S75

100

110

150 140 130 120

160




o000-—

o'z —

E8'E—

oL'g
06'9
Z6'9
86'9
00'L
WL
EVLY
L
VR
0z LA
zz'L-]
vz o
sz'L
sz'L ]
9zl
8Z'L
8z'L
StL

AL

Me

.nkﬁ_l

A

OMe

5ab

H NMR (400 MHz, CDCl5)

*00'E

*00'€

Foo's
¥00Z
wmo_ L
o€
%0

=00}

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35
1 (ppm)

8.0

e —

BE'SS —

69'9L
00°LL W

ZELL

oLeo0L—

8204 —
LEWLL—
SO'0Zk
eLETH
LO°LEL
80'8cl
6e'gel
6L82})
€06zl
vL6El
IS IEL
oLEEl
LBLEL
£8'0F1

B B

or'8st —

AT

Me

OMe

Sab

13C NMR (100 MHz, €DCl3)

920

150 140 130 120 110

160

1 (ppm)

S76



000 —

651
—m._.w
29t

89t
EL'L
8l

SpZ—

BLE
m—.nv

ogZ'e

*

'H NMR (400 MHz, CDCl;)

Sac

o

[ O

0

o

o

[ -

w

00z | "
tooy

o

Mo

. wn

HuDDMrZ

o

]
hoow

w0

™

o

[ =

w0

[ -

°

]

0

[

o

Mo

0

[ @

o

[~

0

[~

o

[ @

w0

[ @

1 (ppm)

8E’IZ ~
fLveE ~
6L'62

LE'0S —

89'9.L
00°LL v

ZeLL

Wwzok—

1oL —
Pr'9LL
S6641
hm.mw—/
vm.mu_/
v0'8Z1
vZ'9Z1
zs'9zt
LLBEL
L5621
oL'6Z1
B_N@_\
mm_h_.\
raori

L6051 —

Me

“ z

o

Sac
13¢ NMR (100 MHz, CDCl5)

1 {ppm)

T T T T T
140 130 120 110 100 80

T
150

S77



000-—

rZ—

59'9
199
68'9
Z6'9
Z6'9
vE'9
569
ELL
el
viL
Si'L
si'L
L
VL
LVe
8l'L
61'L
szl
8z'L
0g'L
Zs'L
ve'L
95'L
WL
£LL
sLLy
SLLA
Wi
v

118
6187

€9'8~,
59'8

——————————— *0E

5ad
H NMR (400 MHz, CDCl5)

Ro0°1

o't
H/OG. 3

0's
“00'1
002
$00Z

001

00'L

0.0

0.5

25 2.0

8.5 8.0 7.5 T.0 8.5 6.0 55 5.0 45 4.0 35 3.0
1 (ppm)

9.0

LEVE—

89°9L
00'LL .Iv

ZeLL

LEFOL —

Z9°0LL —

LS0EL

oFFEL
99vZ 1
ra-4
N
69°221 ]
90'8ZL
18921 1
WeZl
6L8Z1
16621
£L0EL
a8’ LEL |
z6'1El |
LY'BEL
o irL

09'€2t /
BLEZI W

(AN 4%
6E'SFL -

b

N
N

Me

=

7\

—_—

NO,

5ad
3C NMR (100 MHz, CDCl5)

T T T T T T T T
160 150 140 130 120 110 100 90 &80
1 (ppm)

170

S78



000-—

62—
SP'E—

89'9
169
169
66'9
66'9
z0'L
vO'L
ELLT
SiLY
si'L
gl LA

s

£

ez'Ll—r

vZ'L
62'L
1]
gL |
€L
6€'L
ov'L

WL
Sv'l

-0

Me

Me

N
s
6a

"H NMR (400 MHz, CDCls)

-—

1L

*00e

*00€

4.5

8.0 75 7.0 6.5 6.0 55 5.0 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

85

S
: o Tl

B9'9L
o0'LL W
ZeLL

SBEZ0L—
0Z'oLL
vO0ZL /
BYEZL
vEozZL
G622
EG'BZL
19°8Z1
ve'ezL
S16ZL
vi6ZL
98'6Z 1 Mﬁ
SE9EL
Ptie
6LEEL
za0rl

Me

AN

Me

13C NMR (100 MHz, CDCl3)

ﬂ

120 110 100

130

150

80 70 60 50 40 30 20 10
1 (ppm)
S79

a0

140



o
000— = Fo
wn
Mo
o
- 8812 —
g | w
o
[ o
e . ” w
o'z e *00€ | &
s S1'65—
e
wn
e
T, ——e .
9LE ~00'E o e5'a2
t<E S.RV
& ZELL
o=
[ =
2
= o
o wa M
O (@] 5 1€°201—
¥9'9 N [
5191 I —
byl P sloLl
3l © o o 09ELL—
m.w o = © e88Ly
co'd = ZGEZL
SLLT m | mﬁ_mﬁ/
EIVE = - u_.omm © MM.W”M
=4 = h“ nao.v 9G'8Z 1
JAVE | o %o.m Q LI'BZ
8L = - ™ :
7z i 0z SEEZL],
=l F00'L POOEL
v = ﬁo_m | = £ZLEL
Py oL | ™ LLBEL
zeL zZoovl
vEL] o
ge ] o
_w".mL o €8'85L —
vrL [ @

e
60 50 30 20 10

70

80
1 (ppm)
S80

13C NMR (100 MHz, CDCls)
90

100

110

150 140 130 120

160




000—

we—

8L'9
002
002
20'L
20,
8lL'L
0z'L
vZ'L
Z'L
6Z'L
6Z'L
0e'L
0e'L
(19
12
ze L
€621
vE LA
ve' L
seL
9e'L
6€°L
WL
WL
L]

v L]
ov'L
ov'L
8vL
8v'L
ey
ey
ey

Me
\ Q O
N

6¢c
"H NMR (400 MHz, CDCl3)

0.0

05

60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

6.5

7.0

95 90 85 80 75

10.0

BE' b2 —

89'9L
00'LL V

ZeLL

OF'E0L —

8z'0lL —

51021
L6°€2)

519zl
88'921 1
60221

€€ Lzl f

86'LZ1 ]
15'821
PLBZL ]
SO'BZ |
SZBZH ]
10'0E} ]
SS'IEL

19°2E1 ]
vLBEL ]
ZLBEL

ocovl |
£POvL-

6c
3C NMR (100 MHz, CDCl3)

Me

170

150 140 130 120 110 100 20 &0 70 60 50 40 30 20 10
1 {ppm)

160

S81



4997

069
069
269

¥E'9
¥6'9

669
oL
aks

8L
6L
02'LA

AV A

zz L
zz'L
€z
ee'L

SE'L
SEL

8E'L
oL
or'L

Zv'L
[4 8

arL”

1.0 05 0.0

1.5

20

AL
35 30 25

4.0

45
1 (ppm)

TH NMR (400 MHz, CDCls)
5I.5 5I.0

6.0

6.5

7.0

FCEEEEE
b e

75

8.0

8.5

9.0

e —

89°9L
00'LL
ZELL

6LEOL —
LZ°0L
PO'SLE
92'GLt #
rL ozl
66'EZ| ./
vLigl /
Z6'L2)
6E'BEL
L1821
o088zl
9z'6Zt
a00el
WOoEl
6 0EL
SE'ZEL
Lreel
So'6EL

08091 —
9Z'€gl —

70 60 50 40 30 20 10

80

6d
13C NMR (100 MHz, CDCl3)
S82

1 (ppm)

120 110 100 a0

130

150 140

160

-
-

170



000 —

e —

v2'9
0oL
oL
zZ0'L
£0°L
v0'L
S0L
S0L
oL
zZiL
v
gL
8Ly
1z
£2°41
vZ L
vZL
o£'L
e
e
vE'L
sEL
9gL
8L
182
ov'L
Zr'L
ZvL
£pL
vy L
av'L

'H NMR (400 MHz, CDCl5)

~00€ | o

45

50

1 (ppm)

LE'Z—

89°9L
00°LL W

ZeLL

BE'EOL —

SEOLL—
LE024
LEVZL
08921
(VLA
VL2
18121
9z'8Z1
z9'8ZL
9Z'6Z L
YEBZL
8L0EL
66'EEL
Zrrel
65°LEL
ZE'BEL
E0'BEL

6e

13C NMR (100 MHz, CDCls)

10

70

T
100 a0

110

150

160

1 (ppm)

S83



000-—

ar'e—

N
s
6f

"H NMR (400 MHz, CDCls)

35

4.0

45

1 (ppm)

e —

89°'9L
oc.hhw
(AN

00F0L —

SE0LL —
[ A
gLzl
BEFLL
gz'lZl
—m.hw_.k.
A
szezl
FE'BEL
IS'6Z1
£00El
FAN A
IS LEL
B9FEL
B5LEL
oe'sel
88'8El

3C NMR (100 MHz, CDCls)

40

80 70 60

f1 (ppm)

90

110

150

160

S84



rz—

589
voL
0L
1
oz'L
€24
EZL
Se'L
sZT'L
SE'L
LEL
8eL
BE'L
or'L
[ S
L

av'L
oL
6¥°L
e0g
rog
sog
s0'8
al'g
al's

NO,

\.N\MHHV &

TH NMR (400 MHz, CDCl5)

Me

|

T T T
4.5 4.0 35

5.0

6.0

5555888
NOANONN > = -

43 ododsse

53

1 (ppm)

ag'le—

89'9L
oo.t.gw.\.
ZeLL

LLvOL—
SOl
05021 ./
682l
6LEZL
€6Vl
89°L21
L8L21
6081

o6zl ¢
mm.mN_‘%
SF0EL
SLFEL *
LZPEL
el lEL
98'LEL
96°LEL
L0'srl \x

NO,

g%
b
6g
13¢ NMR (100 MHz, CDCl5)

Me

1 (ppm)

S85



000

8FZ —

¥8'97
1oL
L0
€0°L 1
€0'L
2L
£Z'L 1
€241
9z'L
gz'L
gL
L
e L
€L
9e'L

BE' L~

6EL
ov'L]
L]
FA 8
erL
L
L]
6P L
¥oL
Lol
89,
89'L 1
YL

0.0

05

1.0

20

25

3.0

6h
55 50 45 40 35
1 (ppm)

'H NMR (400 MHz, CDCl,)
6.0

6.5

7.0

7.5

FEEELEEEE

=R-E-R-2-E-X-R-1-]
90 85 B-.Cl

9.5

SLL
aL'L

10.0

oriz—

89'9L
ca.hhw
ZeLL

I8E0L —

0E'0L —
0z'0Z1
mo.VN—A_
v0'9Z1
819z
1L'9Z)
90°2Z1 ]
ESLEL
16221
69'2Z1 ]
£6'221 |
20'8gl
55821
9Z'6ZI
vO'0EL
LLOEL
1E°ZEL
SL'EEL
65 LEL
£L8EL
zg'ovl

40

6h
13¢ NMR (100 MHz, CDCl5)

50

s

60

Me

70

80

f1 (ppm)
S86

110 100 20

120

160 150 140 130

170




000—

Z6'E —

£€2'L7
LA
vZL
9z'L
9Z'L
[
E'L
=1
SE'LY
8E°L1
[
£F' L
1
St
LA
6¥° LA
bSL
151
15L
65 L
092
09'L
19
06°L
Z6'L
a08
08
108
808
608 ]
608
218
zZL'g
€18
oe'g |
cE'S

e

0.0

0.5

1.5 1.0

2.0

30 25

3.5

50 45 4.0

55
1 (ppm)

COOMe
6.0

7
H NMR (400 MHz, CDCls)
70 65

7.5

8.0

EEEEEEE

- = 0NN

105 100 95 9.0 85

11.0

BEZS —

89'9L
00°LL v
ZELL

E2e0l —

8L —

cc.mmv
ww.muv W
BLEZL
96521
1z2z1
08221
62871
ssezl }
65821
S8zl ]
1r6zL ]
vo6zl
05 11 ]
1zzel ]
£LZEL ]
6z'SEl
costl
168€1 \
91’991

COOMe

iy

7
13C NMR (100 MHz, CDCls)

10

20

30

40

50

60

70

&0

1 (ppm)
S87

160 150 140 130 120 110 100 a0

170




000—

S6'€—

897
S6'9
189
6601
zZiL
VR
riLL
IV
FIVE
6L
2L
rAA
zz L%
ez L
gz’
1849
uw.nv
88°L
o5z’

£r'e
Er's ..v.

I.L

H NMR (400 MHz, CDCls)

*00°E |

=00°L

¥00'Z |

y0O'EZ
*o0'g

00’

*00°4 |

4.5

05 0.0

1.0

75 7.0 85 60 5.5 5.0 40 35 3.0 25 2.0
1 (ppm)

8.0

8.5

L6 LS —

89'9L
g.hhv
ZE'LL
8 P01
¥O'0LLY
EEGLLY
SSShE
orall
£9°911L
PEEZL —
PrEZL
[3: 34
8542}
gLz
LLLZLA
0S'6Z 1
65621
850EL "}

R
09°EEL
FOEEL 7
80° 1L
£Z Il b

£ro9l
80°191 A"
06291 w
SSEIL 73
89491

13¢ NMR (100 MHz, CDCl5)

|

| |H‘ M"

o

170

100

120

130

150

160

10

30 20

40

50

70

&0

20

110

140

1 (ppm)

S88



93¢
‘_““:-Tr‘:

BEV
Wy
vy

€897
969

969

869 1
6601
00°2
oL

zLL
erL
S1L
FIVE
1L
L
0Z'L
iz
zZZ'LA
czs-¥
£zl

gz’

88L
68°L
L6'L
V&L

'8
Vv.mv.

9
"H NMR (400 MHz, CDCls)

2

0'E |

HO0'Z |

=00°b

002 |

002
*00'g

00} |

=00} |

0.0

05

4.0

1 (ppm)

10

3.0 25 20

35

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

vl — ‘

5909 — A

CDCly)

3C NMR (100 MHz,

89'9L

00°LL W

ZELL
[3=nv1%
66601
PEGLHL
=R =111
or'ail
£9'911L
LZETL
LE'ETL
SE'ET
Lo'LZL
[4: kA Y
a8l
vSeZl
Z9'621
L90EL
69°0E1L
OLEEL
ELEEL 7
L0°rl
gzl >

Lr'0sl
ZL 9L W
.vm.um_‘;_\ﬁ
mm.mw—\.
Wigl

1

L

140

150

40 30 20 10

50

120 110 100 20 80 70
1 (ppm)

130

160

170

S89



