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General procedure for the preparation of 4
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To the mixture of aniline (3 mmol) and EtzN (6 mmol) in dry CH,Cl, (20 mL) was added
indole-3-carbonyl chloride (12 mmol) dropwise at -10 °C. After addition, the mixture was warmed
to room temperature and stirred for 12 h. H,O (30 mL) was added to the reaction mixture, and the
organic phase was separated. The aqueous phase was extracted with CH,Cl, (3 x 10 mL), and the
combined organic phase was washed with brine and dried over anhydrous Na,SO,. The filtrate
was concentrated, and the residue was purified by flash chromatography on silica gel (using

petroleum ether : ethyl acetate = 14 : 1 as the eluent) to give product 4.

General procedure for the preparation of 5

o ':54 _ [Pd]4 (10 mol %]
N—( p  DBU (150 mol %)
N ’\R1 BINAP (10 mol %)
A\
|/ PR Br ROH/dioxane (1/1, v/v)
R? o 4 100°C, 2 h

To a dried Schlenk tube were added 1,1'-bis(diphenylphosphino)ferrocene-
palladium(Il)dichloride dichloromethane complex(16.4 mg, 0.02 mmol) and BINAP (12.5 mg
0.02 mmol) under N, MeOH (1 mL) and dioxane (1 mL) was then introduced via syringe. The
resulting mixture was stirred at room temperature for 1 h, after which 4 (0.2 mmol) and DBU (0.3
mmol) were added and the tube was sealed using Teflon cap. The mixture was stirred at 100 “Cfor
2 h. H,O (5 mL) was added to the reaction and the resulting mixture was extracted with ethyl
acetate (3x 5 mL). The combined organic extracts were washed with brine, dried over sodium
sulfate, filtered and concentrated. The residue was purified by flash chromatography on silica gel

(using petroleum ether/ethyl acetate = 14:1 as the eluent) to give product 5.

General procedure for the preparation of 6
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N R 10% mmol Pd(OAc),
XN | 71 10% mmol PPh;
R2_| \ / >
A~N Br K,CO3 (200% mol)
rs 4 toluene, 100 °C

To a dried Schlenk tube were added Pd(OAc), (5.0 mg, 0.02 mmol) and PPh; (5.3 mg 0.02
mmol) under N,, toluene (2 mL) was then introduced via syringe. The resulting mixture was
stirred at room temperature for 1 h, after which 4 (0.2 mmol) and K,COj3 (0.4mmol) were added
and the tube was sealed using Teflon cap. The mixture was stirred at 100 ‘Cfor 3 h. H,O (5 mL)
was added to the reaction and the resulting mixture was extracted with ethyl acetate (3% 5 mL).
The combined organic extracts were washed with brine, dried over sodium sulfate, filtered and
concentrated. The residue was purified by flash chromatography on a silica gel (using petroleum

ether/ethyl acetate = 14:1 as the eluent) to give product 6.

Table S1: Optimization of the catalyst for the formation of 6a®

O\ Et R
N 10% mmol Pd NEt

< D 10% mmol PPhy \ O

N Br K>,COj3 (200% mol) N

\ toluene, 100 °C \

4a 6a
Entry Pd L Base Solvent Yield(%)®

1 Pd(OAc), Binap K,CO; dioxane 42
2 Pd(TFA), Binap K,CO; dioxane 28
3 PdCl, Binap K,CO; dioxane 35
4 Pd(PPh3)4 Binap K2C03 dioxane 26
5 Pd,(dba); Binap K,CO; dioxane 27

@Reaction conditions, unless otherwise noted: [Pd] (10 mol %), BINAP (10 mol %), K,CO3 (200
mol %), and 4a (0.1 mmol) in dioxane (1 mL) at 100 °C under N, for 3 h. *Yields were

determined by 'H NMR spectroscopy with CH,Br; as an internal standard.

X-Ray crystal structure of 5ae (CCDC1552253):



Table 1 Crystal data and structure refinement for Sae.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealeg/cm’
wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Sae

Cp4H2N,O,

370.43

100.00(10)

monoclinic

P2i/n

13.8659(4)

9.3188(3)

14.7114(5)

90

99.781(3)

90

1873.28(10)

4

1.313

0.667

784.0

0.18 x 0.14 x 0.12

CuKo (A =1.54184)

8.102 to 147.22
-17<h<16,-11<k<11,-15<1<18
7326

3681 [Rin = 0.0212, Rgigma = 0.0255]
3681/0/255

1.064

R; =0.0428, wR, =0.1083
R;=0.0461, wR, =0.1104
0.19/-0.24



Characterization of 4
N-(2-Bromophenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4a)
Q\ Et
N
e
d&
\
Yellow solid (1.67 g, 65%), mp: 165.3 — 166.1 °C; IR (KBr) 3051, 2973, 2931, 1626, 1468, 1242,
986, 841, 746cm’!; 'H NMR (400 MHz, CDCl3) 6 8.39 (d, J = 4.9 Hz, 1H), 7.68 (d, J = 8.0 Hz,
1H), 7.35-7.29 (m, 2H), 7.26 — 7.17 (m, 4H), 6.01 (s, 1H), 4.34 — 4.28 (m, 1H), 3.57 — 3.54 (m,
1H), 3.51 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H); 3C NMR (101 MHz, CDCl;) J 165.1, 142.8, 136.1,
133.9, 131.9, 131.3, 129.2, 128.6, 128.4, 124.6, 122.7, 122.6, 121.3, 109.8, 109.0, 44.0, 33.0,
12.9;HRMS (ESI) m/z calcd for CgH;7BrN,NaO [M + Na]*: 379.0422; found: 379.0419.
N-(2-bromo-3-methylphenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4b)
QL Et
N
A\
N Br
\
Yellow solid (739mg, 66%), mp: 152.3 — 153.1 °C; IR (KBr) 3052, 2983, 2921, 1622, 1458, 1240,
956, 840, 756cm™';1H NMR (400 MHz, CDCI3) & 8.46 — 8.38 (m, 1H), 7.28 — 7.18 (m, 6H), 7.13
(d, J = 7.5 Hz, 1H), 5.99 (s, 1H), 4.39 — 4.34 (m, 1H), 3.52 — 3.42 (m, 4H), 2.46 (d, J = 6.4 Hz,
3H), 1.26 (d, J = 7.1 Hz, 3H);13C NMR (101 MHz, CDCI3) § 165.1, 142.9, 140.5, 136.1, 131.3,

130.0, 129.2, 128.7, 127.6, 127.1, 122.7, 122.5, 121.2, 109.8, 109.0, 44.0, 33.0, 23.9, 13.0;

HRMS (ESI) m/z calcd for C19H 9BrN,NaO [M + Na]*: 393.0579; found: 393.0570.

N-(2-Bromo-4-methylphenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4c)

O Et

N
§ T
NBr

\
Yellow solid (750 mg, 67%), mp: 110.2 — 111.6 °C; IR (film) 3050, 2973, 2872, 1632, 1466, 1281,
987, 856, 777cm’'; 'H NMR (400 MHz, CDCls) § 8.49 — 8.40 (m, 1H), 7.57 — 7.53 (m, 1H), 7.27
—7.18 (m, 3H), 7.13 (d, J = 1.6 Hz, 1H), 7.09 — 7.06 (m, 1H), 6.06 (s, 1H), 4.32 — 4.27 (m, 1H),
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3.61- 3.56 (m, 1H), 3.51 (s, 3H), 2.32 (s, 3H), 1.28 (d, J = 7.1 Hz, 3H); 3*C NMR (101 MHz,
CDCl3) 6 165.2, 134.0, 139.7, 136.1, 134.3, 131.9, 131.4, 129.3, 128.7, 124.1, 122.6, 122.5, 121.2,
109.8, 109.1, 44.0, 33.1, 20.9, 12.9;HRMS (ESI) m/zcalcd for C;oH;9BrN,NaO [M + Na]*:

393.0579; found: 393.0579.

N-(2-Bromo-5-methylphenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4d)

O Et

N
9ol
NBr

\
Yellow solid (445 mg, 64%), mp: 108.5 — 109.3 °C; IR (film) 3050, 2970, 2854, 1656, 1453, 1272,
983, 865, 790cm’'; 'H NMR (400 MHz, CDCls) § 8.46 — 8.44 (m, 1H), 7.57 — 7.53 (m, 1H), 7.27
—7.18 (m, 3H), 7.13 (d, J = 1.6 Hz, 1H), 7.09 — 7.06 (m, 1H), 6.06 (s, 1H), 4.32 — 4.27 (m, 1H),
3.61 — 3.56 (m, 1H), 3.51 (s, 3H), 2.32 (s, 3H), 1.28 (d, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDCls) 6 165.0, 142.4, 138.8, 136.1, 133.5, 132.3, 131.4, 130.1, 128.7, 122.7, 122.5, 121.3, 121.1,
109.7, 109.1, 44.2, 33.1, 20.9, 13.0;HRMS (ESI) m/zcaled for C;oH;sBrN,NaO [M + Nal*:

393.0579; found: 393.0574.

N-(2-Bromo-4,6-dimethylphenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4e)

O Et
N
N
N Br
\

White solid (700 mg, 70%), mp: 135.1 — 136.6 °C; IR (film) 3057, 2926, 2832, 1623, 1443, 1279,
983, 844, 772cm'; 'H NMR (400 MHz, CDCl3) 6 8.62 — 8.29 (m, 1H), 7.40 (t, J = 4.6 Hz, 1H),
7.28 — 7.19 (m, 3H), 7.03 (d, J = 0.5 Hz, 1H), 6.00 (s, 1H), 4.11 — 4.01 (m, 1H), 3.88 — 3.65 (m,
1H), 3.53 (s, 3H), 2.38 (s, 3H), 2.19 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCl;)
§165.3, 139.4, 139.3, 139.0, 136.2, 132.0, 131.3, 130.6, 128.9, 125.0, 122.8, 122.5, 121.3, 109.7,
109.0, 44.3, 33.1, 20.8, 19.1, 13.1;HRMS (ESI) m/zcaled for CaHyBrN,NaO [M + Na]*:

407.0735; found: 407.0725.



N-(2-Bromo-4-tert-butylphenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4f)

Q. Et
N
N I;L
N\ Br t-Bu

White solid (824 mg, 60%), mp: 155.8 — 156.4 °C; IR (film) 3056, 2963, 2868, 1625, 1466, 1281,
938, 830, 770cm'; 'H NMR (400 MHz, CDCls) & 8.47 — 8.45 (m, 1H), 7.71 (d, J = 2.2 Hz, 1H),
7.38 — 7.36(m, 1H), 7.25 — 7.19 (m, 3H), 7.17 — 7.12 (m, 1H), 5.89 (s, 1H), 4.35 — 4.30 (m, 1H),
3.60 — 3.54 (m, 1H), 3.43 (s, 3H), 1.38 (s, 9H), 1.29 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDCly) § 165.1, 153.3, 139.9, 136.1, 131.5, 131.3, 130.8, 128.7, 125.6, 124.3, 122.7, 122.5, 121.2,
109.7, 109.1, 43.9, 34.9, 32.9, 31.3, 13.1;HRMS (ESI) m/zcalcd for Co,H,sBrN,NaO [M + Na]*:

435.1048; found: 435.1042.

N-(2-Bromo-4-fluorophenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4g)
O\ Et
N
S L
N Br F
\

White solid (841 mg, 61%), mp: 150.4 — 151.2 °C; IR (film) 3057, 2930, 2850, 1623, 1444, 1279,
983, 844, 772cm’!; 'H NMR (400 MHz, CDCl3) 6 8.36 — 8.33 (m, 1H), 7.41 — 7.38 (m, 1H), 7.24
—7.19 (m, 3H), 7.17 — 7.13 (m, 1H), 7.05 — 7.00 (m, 1H), 6.07 (s, 1H), 4.28 —4.22 (m, 1H), 3.56 —
3.49 (m, 1H), 3.48 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H); 1*C NMR (101 MHz, CDCl;) J 165.2, 161.3
(d, Jer =251.2 Hz), 139.1, 136.2, 132.6 (d, Jor = 8.8 Hz), 131.1, 128.5, 125.0 (d, Jecr = 9.9 Hz),
122.7,122.5, 121.1 (d, Jor = 25.0 Hz), 120.9, 115.6 (d, Jor = 21.8 Hz), 109.6, 109.2, 44.1, 33.1,

12.9;HRMS (ESI) m/zcalcd for CigH;sBrFN,NaO [M + Na]*: 397.0328; found: 397.0328.

N-(2-Bromo-5-fluorophenyl)-N-ethyl-1-methyl-1H-indole-3-carboxamide(4h)

0]

§ 1
NBr

\



Yellow solid (850 mg, 62%), mp: 145.9 — 146.4 °C; IR (film) 3052, 2926, 2855, 1625, 1435, 1265,
972, 860, 750cm'; 'H NMR (400 MHz, CDCls) & 8.37 — 8.35 (m, 1H), 7.64 — 7.61 (m, 1H), 7.29
—7.21 (m, 3H), 7.09 — 7.06 (m, 1H), 7.00 — 6.98 (m, 1H), 6.23 (s, 1H), 4.36 — 4.15 (m, 1H), 3.73 —
3.61 (m, 1H), 3.56 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCL3) 6 165.0, 161.9
(d, Jer = 248.7 Hz), 144.1, 136.2, 134.6 (d, Joy = 8.8 Hz), 131.2, 128.3, 122.8, 122.4, 1214,
119.1 (d, Jer = 3.8 Hz), 119.0 (d, Jer = 22.1 Hz), 116.5 (d, Jer = 22.0 Hz), 109.7, 109.2, 44.2,

33.1, 13.0;HRMS (ESI) m/zcaled for C;sH;¢BrFN,NaO [M + Na]": 397.0328; found: 397.0327.

N-(2-Bromophenyl)-N-ethyl-1,4-dimethyl-1H-indole-3-carboxamide(4k)

O Et

N
50
NBF
\

Yellow solid (693 mg, 63%), mp: 148.3 — 150.1°C; IR (film) 3056, 2972, 2874, 1650, 1459, 1268,
1026, 826, 750cm'; 'H NMR (400 MHz, CDCls) § 7.57 (d, J = 7.5 Hz, 1H), 7.19 — 7.11 (m, 3H),
7.05 (br, 1H), 7.00 (d, J = 7.0 Hz, 2H), 6.80 (br, 1H), 4.36 (br, 1H), 3.65 — 3.60 (m, 1H), 3.45 (br,
3H), 2.81 (s, 3H), 1.30 (br, 3H); '*C NMR (101 MHz, CDCL3) 5 166.9, 142.8, 136.8, 133.7, 131.8,
131.6, 129.5, 128.7, 128.3, 126.0, 123.4, 122.5, 122.2, 111.3, 107.1, 43.9, 32.9, 21.0, 12.8;HRMS

(ESI) m/zcaled for C19H9BrN,NaO [M + Na]*™: 393.0579; found: 393.0577.

N-(2-Bromophenyl)-N-ethyl-1,5-dimethyl-1H-indole-3-carboxamide(4l)

Q. Et
N
$ 0
NBr
\

Yellow solid (760 mg, 69%), mp: 145.2 — 146.9 °C; IR (film) 3057, 2976, 2874, 1684, 1475, 1267,
1022, 826, 740cnr'; 'H NMR (400 MHz, CDCly) & 8.21 (s, 1H), 7.70 — 7.67 (m, 1H), 7.30 — 7.28
(m, 2H), 7.25 — 7.20 (m, 1H), 7.09 — 7.03 (m, 2H), 5.95 (s, 1H), 4.33 — 4.28 (m, 1H), 3.57 -3.52
(m, 1H), 3.48 (s, 3H), 2.47 (s, 3H), 1.26 (t, J= 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl3) 6 165.2,

142.8, 134.6, 134.0, 131.9, 131.4, 130.8, 129.1, 128.8, 128.4, 124.6, 124.2, 122.3, 109.2, 108.7,



44.0, 33.1, 21.5, 12.9;HRMS (ESI) m/zcalcd for C;oH;9BrN,NaO [M + Na]*: 393.0579; found:

393.0571.

N-(2-Bromophenyl)-N-ethyl-1,6-dimethyl-1H-indole-3-carboxamide(4m)
Oy Et
N
§ O
N Br
\

Yellow oil (704 mg, 64%); IR (film) 3054, 2975, 2874, 1657, 1475, 1242, 1032, 852, 763cm'; 'H
NMR (400 MHz, CDCLy) & 8.21 (s, 1H), 7.70 — 7.66 (m, 1H), 7.33 — 7.27 (m, 2H), 7.26 — 7.21 (m,
1H), 7.11 — 7.02 (m, 2H), 5.95 (s, 1H), 4.33 — 4.28 (m, 1H), 3.58 — 3.49 (m, 1H), 3.48 (s, 3H),
2.47 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) § 165.2, 142.8, 136.5, 134.0,
132.5,131.9, 130.9, 129.1, 128.4, 126.4, 124.6, 123.1, 122.3, 109.6, 109.0, 44.0, 32.9, 21.8, 13.0;

HRMS (ESI) m/zcalcd for C;oH 9BrN,NaO [M + Na]*: 393.0579; found: 393.0574.

N-(2-Bromophenyl)-N-ethyl-4-methoxy-1-methyl-1H-indole-3-carboxamide(4n)

O
Et
OMe N
50
N Br
\

Yellow solid (714 mg, 62%), mp: 125.9 — 126.7 °C; IR (film) 3057, 2935, 2874, 1652, 1473, 1259,
1058, 830, 739cm’'; 'H NMR (400 MHz, CDCls) & 7.48 (br, 1H), 7.20 (s, 1H), 7.09 (s, 1H), 7.00 —
6.76 (m, 4H), 6.53 (d, J = 7.7 Hz, 1H), 4.46 (br, 1H), 3.98 (s, 3H), 3.53 (br, 3H), 3.37 (br, 1H),
1.28 (br, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) ¢ 167.2, 153.7, 137.7, 133.1, 131.4, 128.5,
127.9, 125.3, 125.2, 123.7, 123.0, 116.7, 111.3, 102.5, 100.5, 55.5, 43.0, 33.0, 12.6;HRMS (ESI)

my/zcalcd for C19H9BrN,NaO, [M + Na]*: 409.0528; found: 409.0520.

N-(2-Bromophenyl)-4-ethoxy-N, 1-diethyl-1H-indole-3-carboxamide(40)



ot 2 S

e

N Br

Et
Yellow solid (758 mg, 61%), mp: 127.6 — 129.2°C; IR (film) 3050, 2965, 2870, 1623, 1456, 1236,
1052, 842, 751cm'; 'H NMR (400 MHz, CDCls) J 7.44 (t, J = 13.2 Hz, 1H), 7.21 (d, J = 5.1 Hz,
1H), 7.03 (d, J = 7.3 Hz, 1H), 6.92 (t, J = 13.4 Hz, 3H), 6.74 (d, J = 6.3 Hz, 1H), 6.51 (d, J = 7.6
Hz, 1H), 4.56 — 4.36 (m, 1H), 4.25 — 4.16 (m, 2H), 3.86 (br, 2H), 3.52 — 3.26 (m, 1H), 1.56 (t, J =
7.0 Hz, 3H), 1.25 (t, J = 7.1, 3H), 1.22 — 1.14 (m, 3H); 3C NMR (101 MHz, CDCls) & 167.4,
153.2, 142.2, 136.8, 133.0, 132.0, 128.4, 127.9, 123.6, 122.8, 117.1, 111.5, 102.4, 101.2, 100.0,

63.7, 43.0, 41.0, 15.2, 15.2, 12.6;HRMS (ESI) m/zcalcd for C;H,3:BrN,NaO, [M + Na]*:

437.0841; found: 437.0836.

N-(2-Bromophenyl)-N-ethyl-5-methoxy-1-methyl-1H-indole-3-carboxamide(4p)

Q. Et
N
MeO
A\
N Br
\

Yellow solid (704 mg, 64%), mp: 168.8 — 170.5 °C; IR (film) 3057, 2932, 2876, 1656, 1470, 1246,
1013, 820, 741lcm’!; 'TH NMR (400 MHz, CDCl;) 6 7.96 (d, J = 2.5 Hz, 1H), 7.73 — 7.71 (m, 1H),
7.40 —7.31(m, 2H), 7.31 — 7.24 (m, 1H), 7.10 (d, J = 8.8 Hz, 1H), 6.91 — 6.89 (m, 1H), 5.92 (s,
1H), 4.37 — 4.32 (m, 1H), 3.94 (s, 3H), 3.59 -3.50 (m, 1H), 3.50 (s, 3H), 1.27 (t, /= 7.1 Hz ,3H);
3C NMR (101 MHz, CDCl;) J 165.2, 155.5, 142.8, 134.0, 132.0, 131.6, 131.3, 129.4, 129.2,
128.5, 124.7, 113.6, 109.9, 109.2, 103.6, 55.8, 44.0, 33.2, 13.0;HRMS (ESI) m/zcalcd for

Ci9H19BrN;NaO, [M + Na]*: 409.0528; found: 409.0530.

N-(2-Bromophenyl)-N-ethyl-1-methyl-5-phenyl-1H-indole-3-carboxamide(4q)

Q. Et
N
Ph
A\
N Br

10



Yellow solid (857 mg, 66%), mp: 188.9 — 190.1 °C; IR (film) 3058, 2956, 2870, 1623, 1473, 1236,
1031, 806, 758cm'; 'H NMR (400 MHz, CDCls) & 8.68 (s, 1H), 7.73 (t, J = 9.1 Hz, 3H), 7.53 (d,
J=18.5Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.36 — 7.31 (m, 3H), 7.28 (d, J = 6.2 Hz, 2H), 6.06 (s,
1H), 4.40 — 4.25 (m, 1H), 3.62 — 3.56 (m, 1H), 3.56 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H); *C NMR
(101 MHz, CDCl3) § 165.1, 142.7, 142.2, 135.7, 134.8, 134.0, 132.2, 131.9, 131.9, 129.1, 128.6,
128.5, 128.5, 128.4, 127.6, 126.5, 124.6, 122.4, 121.2, 110.1, 109.3, 44.1, 33.2, 12.9;HRMS (ESI)

m/zcalcd for Co4H, BrN,NaO [M + Na]*: 455.0735; found: 455.0735.

N-(2-Bromophenyl)-N-ethyl-5-fluoro-1-methyl-1H-indole-3-carboxamide(4r)

Q. Et
- N
§ I
N Br
\

Yellow solid (730 mg, 65%), mp: 185.1 — 186.2 °C; IR (film) 3057, 2931, 2855, 1623, 1446, 1279,
973, 846, 762cm'; 'H NMR (400 MHz, CDCls) 8 8.13 — 7.10 (m, 1H), 7.72 — 7.70 (m, 1H), 7.40
—7.35 (m, 1H), 7.33 — 7.28 (m, 2H), 7.12 — 7.09 (m, 1H), 7.00 — 6.94 (m, 1H), 5.97 (s, 1H), 4.33 —
428 (m, 1H), 3.59 — 3.54 (m, 1H), 3.51 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 6 164.7, 159.0 (d, Jo = 234.5 Hz), 142.6, 134.1, 132.7, 132.5, 131.8, 129.3, 129.3, 128.6,
124.7, 111.1 (d, Jer = 26.5 Hz), 109.8, 109.7, 107.9 (d, Jor = 25.0 Hz), 44.1, 33.3, 12.9;HRMS

(ESI) m/zcaled for C1gH BrFN,NaO [M + NaJ*: 397.0328; found: 397.0328.

N-(2-Bromophenyl)-N-ethyl-6-fluoro-1-methyl-1H-indole-3-carboxamide(4s)

Q. Et
N
50
Br
F \

Yellow solid (696 mg, 62%), mp: 140.6 — 142.4 °C; IR (film) 3052, 2954, 2872 1625, 1452, 1256,
980, 850, 761cm'; 'H NMR (400 MHz, CDCls) § 8.38 — 8.34 (m, 1H), 7.71 — 7.69 (m, 1H), 7.40
—7.35 (m, 1H), 7.33 — 7.25 (m, 2H), 7.03 — 6.98 (m, 1H), 6.89 — 6.86 (m, 1H), 5.95 (s, 1H), 4.34 —
4.29 (m, 1H), 3.59 — 3.54 (m, 1H), 3.47 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,

CDCly) 0 164.7, 160.2 (d, Jeo.r = 248.7 Hz), 142.6, 136.2 (d, Jor = 11.8 Hz), 134.0, 131.8, 131.6,
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129.31, 128.5, 125.0, 124.6, 123.8 (d, Jc.r = 9.7 Hz), 109.9 (d, Jor = 22.2 Hz), 95.6, 95.4, 44.1,

33.1, 12.9;HRMS (ESI) m/zcalcd for C;sH;sBrFN,NaO [M + Na]*: 397.0328; found: 397.0325.

N-(2-Bromophenyl)-N, I-diethyl-1H-indole-3-carboxamide(4t)

Oy Et

N

§ T

N Br

Et
Yellow solid (680 mg, 61%), mp: 122.7 — 123.5 °C; IR (film) 3054, 2976, 2875, 1625, 1460, 1280,
954, 846, 746cm’!; '"H NMR (400 MHz, CDCl;) 6 8.44 — 8.30 (m, 1H), 7.68 — 7.66 (m, 1H), 7.34
—7.26 (m, 2H), 7.24 — 7.19 (m, 4H), 6.10 (s, 1H), 4.33 — 4.28 (m, 1H), 3.90 — 3.84 (m, 2H), 3.60 —
3.54 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.3 Hz, 3H); '3C NMR (101 MHz, CDCl;) ¢
165.2, 142.9, 135.2, 133.9, 132.0, 129.6, 129.1, 128.7, 128.4, 124.7, 122.7, 122.4, 121.2, 109.8,
109.1, 43.9, 41.0, 14.9, 12.9;HRMS (ESI) m/zcalcd for C;oH;9BrN,NaO [M + Na]J*: 393.0579;

found: 393.0573.

N-(2-Bromophenyl)-N-ethyl-1-propyl-1H-indole-3-carboxamide(4u)

O\ Et

N

e

N Br

n-Pr
Yellow syrup (720 mg, 63%); IR (film) 3054, 2966, 2874, 1628, 1466, 1280, 984, 841, 746¢cm™;
'"H NMR (400 MHz, CDCls) ¢ 8.43 — 8.41 (m, 1H), 7.68 (d, J = 7.9 Hz, 1H), 7.36 — 7.28 (m, 2H),
7.25 —7.20 (m, 4H), 6.11 (s, 1H), 4.34 — 4.29 (m, 1H), 3.82 — 3.78 (m, 2H), 3.75 — 3.52 (m, 1H),
1.66 — 1.52 (m, 2H), 1.29 (t,J = 7.1 Hz, 3H), 0.64 (t, J= 7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;)
0165.3, 142.9, 135.4, 133.9, 131.9, 130.7, 129.1, 128.7, 128.5, 124.7, 122.6, 122.4, 121.2, 109.3,

109.2,48.0,43.9,22.8, 12.9, 11.2;HRMS (ESI) m/zcalcd for CyH,BrN,NaO [M + Na]*: 407.0735;

found: 407.0739.
N-(2-Bromophenyl)-N-ethyl-1-isopropyl-1H-indole-3-carboxamide(4v)
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Q. Et

N
§ I
N Br

i-Pr

Yellow solid (776 mg, 67%), mp: 122.6 —123.9 °C; IR (film) 3057, 2973, 2883, 1625, 1460, 1278,
1028, 841, 746cm™'; 'TH NMR (400 MHz, CDCly) 6 8.40 — 8.37 (m, 1H), 7.67 — 7.66 (m, 1H), 7.34
—7.25 (m, 2H), 7.24 — 7.16 (m, 4H), 6.21 (s, 1H), 4.46 — 4.39 (m, 1H), 4.32 — 4.27 (m, 1H), 3.67 —
3.53 (m, 1H), 1.26 (t,J = 7.1 Hz, 3H), 1.20 (d, J= 6.6 Hz, 3H), 1.16 (d, J= 6.6 Hz, 3H); '3*C NMR
(101 MHz, CDCl;) 6 165.2, 143.0, 135.0, 133.8, 132.0, 129.1, 128.6, 128.4, 126.9, 124.8, 122.6,

122.3,121.3, 109.6, 109.2, 47.1, 43.8, 22.4, 22.4, 13.0;HRMS (ESI) m/zcalcd for CyoH,;BrN,NaO

[M + Na]*: 407.0735; found: 407.0732.

N-(2-Bromophenyl)-1-butyl-N-ethyl-1H-indole-3-carboxamide(4w)

O\ Et

N

S XD

N Br

\n-Bu
Yellow solid (816 mg, 68%), mp: 89.3 — 90.4 °C; IR (film) 3057, 2959, 2867, 1625, 1465, 1279,
1014, 841, 745cm™!; '"H NMR (400 MHz, CDCl;) ¢ 8.43 — 8.40 (m, 1H), 7.70 — 7.68 (m, 1H), 7.36
—7.29 (m, 2H), 7.26 — 7.21 (m, 4H), 6.12 (s, 1H), 4.37 — 4.24 (m, 1H), 3.84 (t, J = 6.7 Hz, 2H),
3.64 —-3.58 (m, 1H), 1.61 — 1.51 (m, 2H), 1.29 (t, /= 7.1 Hz, 3H), 1.03 — 0.98 (m, 2H), 0.82 (t,J =
7.3 Hz, 3H); 3C NMR (101 MHz, CDCl;) § 165.2, 143.0, 135.4, 133.9, 131.9, 130.7, 129.0, 128.7,
128.4, 124.7, 122.6, 122.4, 121.2, 109.5, 109.2, 46.0, 43.9, 31.5, 19.7, 13.5, 12.9;HRMS (ESI)

m/zcaled for C; Hp;BrN;NaO [M + Na]*: 421.0891; found: 421.0894.

1-Benzyl-N-(2-bromophenyl)-N-ethyl-1H-indole-3-carboxamide(4x)
Oy Et
N
S T
N Br
Bn
White solid (842 mg, 65%), mp: 114.8 — 115.1 °C; IR (film) 3058, 2972, 2869, 1626, 1466, 1280,

987, 841, 744cm'; 'H NMR (400 MHz, CDCls) 6 8.43 — 8.41 (m, 1H), 7.62 — 7.52 (m, 1H), 7.29
13



—7.24 (m, 6H), 7.22 — 7.18 (m, 2H), 7.16 — 7.09 (m, 1H), 6.90 — 6.87 (m, 2H), 6.10 (s, 1H), 5.02
(s, 2H), 4.33 — 4.28 (m, 1H), 3.64 — 3.59 (m, 1H), 1.29 (t, J = 7.1 Hz, 3H); 1*C NMR (101 MHz,
CDCly) 6 165.1, 142.8, 136.0, 135.6, 133.9, 131.7, 130.7, 129.0, 129.0, 128.8, 128.3, 127.8, 127.8,
127.5,127.1, 124.5, 122.9, 122.7, 121.5, 110.2, 109.5, 50.1, 43.9, 12.9;HRMS (ESI) m/zcalcd for

C,4Hy BrN;NaO [M + Na]*™: 455.0735; found: 455.0731.

N-(2-Bromophenyl)-N-ethyl-1-((2-methoxyethoxy)methyl)-1 H-indole-3-carboxamide(4y)

O\ Et

N

»e

N Br

MEM
Yellow syrup (830 mg, 64%); IR (film) 3057, 2975, 2884, 1632, 1468, 1276, 985, 841, 745cm’!;
'H NMR (400 MHz, CDCl;) 6 8.37 — 8.31 (m, 1H), 7.67 — 7.64 (m, 1H), 7.41 — 7.37 (m, 1H), 7.34
—7.29 (m, 2H), 7.28 — 7.24 (m, 2H), 7.24 — 7.29 (m, 1H), 6.23 (s, 1H), 5.29 (s, 2H), 4.31 — 4.26
(m, 1H), 3.66 — 3.61 (m, 1H), 3.34 — 3.33 (m, 2H), 3.32 (s, 3H), 3.18 — 3.07 (m, 2H), 1.28 (t, J =
7.1 Hz, 3H); 3C NMR (101 MHz, CDCl3) 6 165.0, 142.7, 135.5, 133.9, 131.7, 130.3, 129.1, 128.9,
128.4, 124.6, 123.2, 122.5, 121.9, 111.2, 109.8, 76.4, 71.5, 67.0, 59.0, 44.0, 12.9;HRMS (ESI)

my/zcalcd for C;1H,3BrN,NaO; [M + Na]*: 453.0790; found: 453.0784.

N-Benzyl-N-(2-bromophenyl)-1-methyl-1H-indole-3-carboxamide(4ae)

NBn Br

A\

N
\

Yellow solid (880mg, 68%), mp: 147.5 — 149.3°C; IR (film) 3041, 2951, 2876, 1655, 1457, 1280,
1032, 841, 785cm'; '"H NMR (400 MHz, CDCls) & 8.56 — 8.47 (m, 1H), 7.70 (d, J = 7.8 Hz, 1H),
7.37(d,J=17.1 Hz, 2H), 7.29 (dd, J= 11.1, 4.7 Hz, 5H), 7.24 — 7.18 (m, 3H), 6.91 (d, /= 7.6 Hz,
1H), 6.04 — 5.88 (m, 2H), 4.29 (d, J = 14.5 Hz, 1H), 3.51 (s, 3H); 3C NMR (101 MHz, CDCl;) &
165.2, 142.3, 137.6, 136.1, 133.9, 132.3, 131.5, 131.5,139.4, 129.4, 129.4, 129.3, 128.7, 128.3,
128.2, 127.3, 1245, 122.8, 121.4, 109.4, 109.1, 46.3, 33.1;HRMS (ESI) m/zcaled for
C,3H oN,NaO [M + Na]*: 441.0578; found: 441.0558.
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Characterization of 5

Cis-1-Ethyl-2'-methoxy-1"-methyl-3,3'-spirobifindolin]-2-one(5a)

Yellow syrup (49.9 mg, 81%); IR (film) 2961, 2871, 1710, 1680, 1495, 1102, 951,746cm™'; 'H
NMR (400 MHz, CDCls) 6 7.31 (t, J= 7.7 Hz, 1H), 7.26 (s, 1H), 7.15 (t, J= 7.6 Hz, 1H), 7.01 (t,
J=17.4Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H), 6.62 — 6.53 (m, 3H), 4.92 (s, 1H), 3.91 — 3.79 (m, 2H),
3.02 (s, 3H), 2.96 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); '3C NMR (101 MHz, CDCl3) § 176.9, 150.7,
142.4,129.3, 128.5, 128.4, 128.4, 126.7, 123.0, 122.7, 118.7, 108.1, 107.3, 102.9, 61.0, 56.5, 34.9,
32.8, 12.6;HRMS (ESI) m/zcalcd for C19H,0N,;NaO, [M + Na]*: 331.1422; found: 331.1423.

Cis-1-ethyl-2"-methoxy-1',4-dimethyl-3,3"-spirobifindolin]-2-one (5b)

Yellow syrup (42.2 mg, 65%); IR (film) 2930, 2885, 1719, 1690, 1498, 1119, 956,725cm';1H
NMR (400 MHz, CDCI3) & 7.20 (t, J = 7.8 Hz, 1H), 7.17 — 7.10 (m, 1H), 6.82 (d, ] = 7.8 Hz, 1H),
6.75 (d, J = 7.8 Hz, 1H), 6.59 (t, J = 7.4 Hz, 1H), 6.54 (dd, J = 4.6, 3.4 Hz, 2H), 5.00 (s, 1H), 3.94
—3.72 (m, 2H), 2.99 (s, 3H), 2.95 (s, 3H), 2.02 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H);13C NMR (101
MHz, CDCI3) § 177.9, 150.7, 142.7, 138.3, 129.3, 128.3, 127.2, 126.5, 125.2, 123.2, 118.5, 106.7,
105.6, 103.9, 61.5, 56.2, 35.0, 32.9, 18.6, 12.6; HRMS (ESI) m/z calcd for CooH,,NoNaO, [M +

Na]+: 345.1579; found: 345.1580.

Cis-1-Ethyl-2'-methoxy-1',5-dimethyl-3,3'-spirobifindolin]-2-one(5c)
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Yellow syrup(45.1 mg, 70%); IR (film) 2929, 2875, 1709, 1680, 1493, 1109, 955,745cm"; 'H
NMR (400 MHz, CDCL3) § 7.17 — 7.04 (m, 3H), 6.80 (t, J = 7.7 Hz, 1H), 6.64 — 6.51 (m, 3H),
4.94 (s, 1H), 3.81 — 3.79 (m, 2H), 3.02 (s, 3H), 2.96 (s, 3H), 2.26 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, CDCly) 6 177.0, 150.6, 139.9, 132.3, 129.6, 129.3, 128.8, 128.5, 127.3,
123.0, 118.8, 107.8, 107.4, 103.1, 61.0, 56.4, 35.0, 33.0, 21.0, 12.6; HRMS (ESI) m/zcalcd for

C20H22N2N802 [M + Na]+: 3451579, found: 345.1576.

Cis-1-Ethyl-2'-methoxy-1',6-dimethyl-3,3'-spirobifindolin]-2-one(5d)

Yellow syrup (47.0 mg, 73%); IR (film) 2929, 2873, 1709, 1681, 1445, 1103, 950,748cm’'; 'H
NMR (400 MHz, CDCLy) § 7.19 — 7.10 (m, 2H), 6.84 (d, J = 7.6 Hz, 1H), 6.77 (s, 1H), 6.64 — 6.52
(m, 3H), 4.92 (s, 1H), 3.86 — 3.83 (m,2H), 3.05 (s, 3H), 2.98 (s, 3H), 2.42 (s, 3H), 1.33 (t, J= 7.2
Hz, 3H); *C NMR (101 MHz, CDCls) 6 177.2, 150.8, 142.4, 139.4, 128.6, 128.4, 126.7, 126.6,
122.7, 122.6, 119.5, 108.3, 108.0, 103.2, 60.7, 56.5, 34.9, 32.8, 21.9 , 12.6;HRMS (ESI) m/zcalcd

for C20H22N2N802 [M + Na]+: 3451579, found: 345.1583.

Cis-1-Ethyl-2'-methoxy-1',5, 7-trimethyl-3,3 '-spirobifindolin]-2-one(5e¢)

Yellow syrup (43.0 mg, 64%); IR (film) 3053, 2925, 2892, 1707, 1681, 1484, 1341, 1097, 744cnr
I; IH NMR (400 MHz, CDCL3) & 7.18 — 7.14 (m, 1H), 6.89 (d, J = 15.8 Hz, 2H), 6.64 — 6.56 (m,
3H), 4.95 (s, 1H), 4.17 — 3.99 (m, 2H), 3.04 (s, 3H), 2.97 (s, 3H), 2.56 (s, 3H), 2.22 (s, 3H), 1.26 (t,

16



J=17.2 Hz, 3H); 3C NMR (101 MHz, CDCl;) ¢ 178.1, 150.6, 137.7, 132.9, 132.1, 130.1, 129.3,
129.2, 125.1, 123.0, 118.8, 118.6, 107.3, 103.3, 60.3, 56.4, 36.8, 33.0, 18.9, 18.4, 14.6;HRMS

(ESI) m/zcaled for C;HpyNoNaO, [M + Na]*: 359.1735; found: 359.1735.

Cis-5-Tert-butyl-1-ethyl-2"-methoxy-1"-methyl-3,3'-spirobifindolin]|-2-one(5f)
Et

N OMe
\

Yellow syrup (53.5 mg, 65%); IR (film) 3053, 2961, 2872, 1710, 1680, 1496, 1342, 1115,
980,769cm’'; 'H NMR (400 MHz, CDCLy) 6 7.36 (d, J = 7.8 Hz, 2H), 7.23 — 7.12 (m, 1H), 6.89 —
6.85 (m, 1H), 6.63 — 6.54 (m, 3H), 4.85 (s, 1H), 3.85 — 3.79 (m, 2H), 3.03 (s, 3H), 3.00 (s, 3H),
1.32 (t, J = 7.2 Hz, 3H), 1.29 (s, 9H); '3C NMR (101 MHz, CDCLy) 6 176.6, 150.9, 145.9, 140.6,
129.4, 127.7, 124.9, 124.6, 123.1, 118.3, 107.3, 106.8, 102.2, 61.3, 56.6, 34.9, 34.6, 32.4, 31.6,

12.7;HRMS (ESI) m/zcalcd for C,3H,3BrN,NaO, [M + Na]*: 387.2048; found: 387.2048.

Cis-1-Ethyl-5-fluoro-2'"-methoxy-1'-methyl-3,3"-spirobifindolin]-2-one(5g)

Yellow syrup (46.9 mg, 72%); IR (film) 3046, 2930, 2869, 1710, 1679, 1490, 1131, 959,748cm"";
'H NMR (400 MHz, CDCls) § 7.18 (d, J = 7.7 Hz, 1H), 7.05 — 7.01 (m, 2H), 6.88 — 6.85 (m, 1H),
6.67 — 6.55 (m, 3H), 4.95 (s, 1H), 3.87 — 3.82 (m, 2H), 3.08 (s, 3H), 2.99 (s, 3H), 1.32 (d, J= 7.2
Hz, 3H); '3C NMR (101 MHz, CDCLy) 6 176.6, 159.2 (d, Jer = 239.3 Hz), 150.6, 138.4, 130.1 (d,
Jor = 8.7 Hz), 129.6, 128.8, 122.9, 118.8, 114.9 (d, Jer = 18.7 Hz), 114.7 (d, Joy = 18.7
Hz),108.5 (d, Je.r = 8.7 Hz),107.5, 102.8, 61.2, 56.7, 35.1, 32.8, 12.5;HRMS (ESI) m/zcalcd for

C19H9FN,NaO, [M + Na]*: 349.1328; found: 349.1330.

Cis-1-Ethyl-6-fluoro-2'"-methoxy-1'-methyl-3,3'-spirobifindolin]-2-one(5h)
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Yellow syrup (48.2 mg, 74%); IR (film) 3061, 2933, 2826, 1718, 1610, 1496, 1348, 1015,
821,746cm'; 'H NMR (400 MHz, CDCls) 6 7.19 — 7.13 (m, 2H), 6.71 — 6.52 (m, 5H), 4.88 (s,
1H), 3.84 — 3.77 (m, 2H), 3.03 (s, 3H), 2.96 (s, 3H), 1.30 (t, /= 7.2 Hz, 3H); *C NMR (101 MHz,
CDCly) § 177.2, 163.4 (d, Je.y = 243.8 Hz), 150.6, 144.0 (d, Jor = 11.4 Hz), 129.3, 127.8 (d, Jer
= 9.6 Hz), 123.6 (d, Je.r = 3.0 Hz),122.9, 118.8, 108.9 (d, Je.r = 22.0 Hz), 107.3, 102.7, 96.9 (d,
Jor = 27.5 Hz), 60.6, 56.6, 35.2, 32.7, 26.9, 12.6;HRMS (ESI) m/zcalcd for C1oH;sFN,NaO, [M +

Na]J*: 349.1328; found: 349.1325.

Cis-1-Ethyl-2'-methoxy-1',4"-dimethyl-3,3'-spirobifindolin]-2-one(5k)
Et
N

N OMe
\

Yellow syrup (42.5 mg, 66%); IR (film) 3053, 2932, 2824, 1711, 1596, 1483, 1352, 1098,
904,751cm'; 'H NMR (400 MHz, CDCL3)  7.33 — 7.31 (m, 1H), 7.21 — 7.19 (m, 1H), 7.12 — 7.06
(m, 1H), 7.05 — 7.01 (m, 1H), 6.94 (d, J = 7.8 Hz, 1H), 6.51 — 6.40 (m, 2H), 4.95 (s, 1H), 3.98 —
3.83 (m, 2H), 3.04 (s, 3H), 2.92 (s, 3H), 2.11 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H); 3C NMR (101
MHz, CDCLy) 6 177.1, 151.0, 142.3, 134.4, 129.4, 128.4, 126.9, 126.8, 126.6, 122.8, 121.2, 107.9,
105.2, 104.1, 61.1, 56.5, 35.0, 33.2, 17.1, 12.3;HRMS (ESI) m/zcalcd for CooHyoNoNaO, [M +

Na]*: 345.1579; found: 345.1577.

Cis-1-Ethyl-2'-methoxy-1',5"-dimethyl-3,3'-spirobifindolin]-2-one(51)

Yellow syrup (43.8 mg, 68%); IR (film) 3053, 2932, 1713, 1611, 1352, 1098, 962,751cm!; 'H

NMR (400 MHz, CDCls) § 7.30 (t, J = 7.7 Hz, 1H), 7.24 (d, J = 6.9 Hz, 1H), 7.00 (t, J = 7.3, 1H),
18



6.94 (t, J = 8.1 Hz, 2H), 6.49 (d, J = 8.0 Hz, 1H), 6.37 (s, 1H), 4.90 (s, 1H), 3.91 — 3.78 (m, 2H),
3.01 (d, J = 3.9 Hz, 3H), 2.92 (s, 3H), 2.11 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
CDCls) 6 177.0, 150.8, 142.4, 139.4, 128.6, 128.4, 126.7, 126.6, 122.7, 122.6, 119.5, 108.3, 108.0,
103.2, 60.7, 56.5, 34.9, 32.8, 21.9, 12.6; HRMS (ESI) m/zcalcd for CooH»N,NaO, [M + Nal*:

345.1579; found: 345.1576.

Cis-1-Ethyl-2'-methoxy-1',6"-dimethyl-3,3'-spirobifindolin]-2-one(5m)
Et

Yellow syrup (41.9 mg, 65%); IR (film) 3052, 2935, 2842, 1710, 1607,1486, 1094, 752cm™; 'H
NMR (400 MHz, CDCly) 6 7.31 — 7.29 (m, 1H), 7.24 (d, J = 7.5 Hz, 1H), 7.02 — 6.98 (m, 1H),
6.91 (d, J= 7.8 Hz, 1H), 6.47 — 6.38 (m, 3H), 4.91 (d, J = 5.9 Hz, 1H), 3.90 — 3.79 (m, 2H), 3.01
(s, 3H), 2.94 (s, 3H), 2.28 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCL;) 6 177.0,
150.8, 142.4, 139.4, 128.6, 128.4, 126.7, 126.6, 122.7, 122.6, 119.5, 108.3, 108.0, 103.2, 60.7,
56.5,34.9, 32.8, 21.9, 12.6;HRMS (ESI) m/zcalcd for C5H,N,NaO, [M + Na]*: 345.1579; found:

345.1570.

Cis-1-Ethyl-2',4"-dimethoxy-1"-methyl-3,3 '-spirobifindolin]-2-one(5n)

Yellow syrup (48.0 mg, 71%); IR (film) 3055, 2936, 2822, 1712, 1610, 1485, 1356, 1093,
968,737cmr'; 'H NMR (400 MHz, CDCl3) 6 7.30 — 7.27 (m, 1H), 7.22 — 7.20 (m, 1H), 7.13 (t, J =
8.1 Hz, 1H), 7.02 — 6.95 (m, 1H), 6.90 (d, J = 7.8 Hz, 1H), 6.28 (d, J= 7.7 Hz, 1H), 6.21 (d, J =
8.3 Hz, 1H), 5.00 (s, 1H), 4.06 — 3.94 (m, 1H), 3.80 — 3.75 (m, 1H), 3.49 (s, 3H), 3.02 (s, 3H),
2.91 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCls) § 177.4, 155.4, 152.0, 142.4,
130.6, 128.1, 127.4, 125.9, 122.3, 115.8, 107.6, 104.4, 102.7, 101.2, 59.2, 56.1, 55.2, 34.8, 33.5,

12.4;HRMS (ESI) m/zcalcd for Cy0HoN,NaO; [M + Na]*: 361.1528; found: 361.1525.
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Cis-4'-Ethoxy-1,1'-diethyl-2'-methoxy-3,3"-spirobifindolin]-2-one(50)

Yellow syrup (52.7 mg, 72%); IR (film) 2977, 1710, 1680, 1467, 1095, 918,749cm'; '"H NMR
(400 MHz, CDCl) 6 7.27 — 7.23 (m, 1H), 7.19 — 7.17 (m, 1H), 7.05 (t, J = 8.1 Hz, 1H), 6.98 —
6.94 (m, 1H), 6.86 (d, J= 7.8 Hz, 1H), 6.21 (d, J= 7.8 Hz, 1H), 6.11 (d, J = 8.2 Hz, 1H), 5.14 (s,
1H), 3.92 — 3.87 (m, 1H), 3.83 — 3.73 (m, 2H), 3.64 — 3.56 (m, 1H), 3.43 — 3.33 (m, 2H),2.91 (s,
3H), 1.32 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H); 3C NMR (101
MHz, CDCLy) 6 177.5, 155.0, 150.9, 142.9, 130.5, 127.9, 127.7, 126.1, 122.2, 115.9, 107.4, 102.8,
101.1, 100.6, 63.2, 59.4, 557, 40.0, 34.9, 14.5, 12.6, 11.3;HRMS (ESI) m/zcalcd for

C22H26N2NHO3 [M + Na]+: 3891841, found: 389.1837.

Cis-1-Ethyl-2',5"-dimethoxy-1"-methyl-3,3'-spirobifindolin]-2-one(5p)

Yellow syrup (43.3 mg, 64%); IR (film) 3055, 2934, 2832, 1710, 1608, 1493, 1351, 1098,
1028,752cm'; 'H NMR (400 MHz, CDCLy) 6 7.30 (t, J = 7.7 Hz, 1H), 7.22 (d, J = 7.3 Hz, 1H),
7.00 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H), 6.73 — 6.71 (m, 1H), 6.55 — 6.48 (m, 1H), 6.18
(d, J=2.5 Hz, 1H), 4.88 (s, 1H), 3.90 — 3.82 (m, 2H), 3.62 (s, 3H), 3.03 (s, 3H), 2.91 (s, 3H), 1.32
(t,J= 7.2 Hz, 3H); 3C NMR (101 MHz, CDCly) 5 176.7, 153.5, 145.1, 142.3, 130.5, 128.5, 128.3,
126.7, 122.8, 114.2, 110.3, 108.2, 108.1, 103.8, 61.1, 56.5, 55.9, 35.0, 34.0, 12.6;HRMS (ESI)

m/zcaled for Cy0HoN,NaO; [M + Na]*: 361.1528; found: 361.1528.

Cis-1-Ethyl-2'-methoxy-1"-methyl-5"-phenyl-3,3'-spirobifindolin]-2-one(5q)
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Yellow syrup (53.8 mg, 70%); IR (film) 3054, 2934, 2843, 1710, 1608, 1493, 1351, 1098, 1028,
752cm'; 'H NMR (400 MHz, CDCL3) 6 7.47 — 7.37 (m, 4H), 7.37 — 7.28 (m, 3H), 7.22 (t, J= 7.3
Hz, 1H), 7.06 (t, J= 7.5 Hz, 1H), 6.98 (d, J = 7.8 Hz, 1H), 6.79 (d, J = 1.7 Hz, 1H), 6.68 (d, J =
8.2 Hz, 1H), 5.00 (s, 1H), 3.95 — 3.85 (m, 2H), 3.07 (s, 3H), 3.05 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H);
13C NMR (101 MHz, CDCly) 6 176.8, 150.2, 142.6, 141.4, 132.1, 129.9, 128.6, 128.6, 128.5,
128.2, 127.4,126.9, 126.5, 126.2, 122.8, 122.0, 108.2, 107.4, 103.0, 61.0, 56.7, 35.0, 32.7, 27.0,

12.7;HRMS (ESI) m/zcalcd for CysH,4N,NaO, [M + Na]*: 407.1735; found: 407.1731.

Cis-1-Ethyl-5'-fluoro-2'-methoxy-1'-methyl-3,3"-spirobifindolin|-2-one(5r)

Yellow syrup (47.6 mg, 73%); IR (film) 3057, 2932, 2826, 1711, 1611, 1486, 1354, 1097,
945,755cm’; 'H NMR (400 MHz, CDCL3) & 7.35 — 7.33 (m, 1H), 7.30 — 7.25 (m, 1H), 7.07 — 7.03
(m 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.90 — 6.81 (m, 1H), 6.52 — 6.49 (m, 1H), 6.33 — 6.30 (m, 1H),
4.93 (s, 1H), 3.94 — 3.81 (m, 2H), 3.05 (s, 3H), 2.96 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H); 3C NMR
(101 MHz, CDCL3) 6 176.3, 156.7 (d, Joy = 234.7 Hz), 147.1, 142.4, 130.4 (d, Jer = 8.1 Hz),
128.8, 127.8, 126.7, 122.9, 115.4 (d, Je.r = 23.0 Hz), 110.8 (d, Je.r = 24.6 Hz), 108.3, 107.6 (d, Jc.
¢ = 8.0 Hz), 103.3, 60.9, 56.6, 35.0, 33.3, 12.6;HRMS (ESI) m/zcalcd for CioH;oFN,NaO, [M +

Na]J*: 349.1328; found: 349.1322.

Cis-1-Ethyl-6'-fluoro-2'-methoxy-1'-methyl-3,3"-spirobifindolin]-2-one(5s)
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Yellow syrup (45.6 mg, 70%); IR (film) 3058, 2932, 2823, 1712, 1609, 1494, 1352, 1094,
1026,752cm'; 'H NMR (400 MHz, CDCL3) & 7.36 — 7.32 (m, 1H), 7.28 — 7.25 (m, 1H), 7.07 —
7.03 (m, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.50 — 6.43 (m, 1H), 6.31 — 6.23 (m, 2H), 4.94 (s, 1H),
3.90 — 3.74 (m, 2H), 3.03 (s, 3H), 2.97 (s, 3H), 1.33(t, J = 7.2 Hz ,3H); 3C NMR (101 MHz,
CDCls) 6 176.6, 164.5 (d, Joy = 241.9 Hz), 152.3 (d, Joy = 12.1 Hz), 142.6, 128.7, 128.0, 126.8,
124.6, 123.8 (d, Je.r = 10.8 Hz), 122.8, 108.2, 104.4 (d, Jo.r = 23.2 Hz), 102.8, 95.2 (d, Jo.r = 27.4
Hz), 60.3, 56.7, 35.0, 32.2, 12.6;HRMS (ESI) m/zcalcd for C;oH;sFN,NaO, [M + Na]*: 349.1328;

found: 349.1331.

Cis-1,1'"-Diethyl-2'-methoxy-3,3'-spirobifindolin]-2-one(5t)

Yellow syrup (46.4 mg, 72%); IR (film) 3054, 2975, 2884, 1710, 1678, 1607,1489, 1353, 1095,
987,747cmr'; "H NMR (400 MHz, CDCl3) 6 7.38 — 7.26 (m, 2H), 7.17 — 7.13 (m, 1H), 7.04 (t, J =
7.5 Hz, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.58 (t, J = 7.1 Hz, 2H), 6.54 — 6.52 (m, 1H), 5.07 (s, 1H),
3.95—3.72 (m, 2H), 3.52 — 3.39 (m, 2H), 2.98 (s, 3H), 1.34 (t, /= 7.1 Hz, 3H), 1.31 (1, J=5.5 Hz,
3H); 3C NMR (101 MHz, CDCLy) § 177.0, 149.6, 142.6, 129.4, 129.2, 128.5, 128.4, 126.8, 123.1,
122.7, 118.1, 108.0, 107.0, 100.1, 60.9, 56.1, 39.7, 34.9, 12.6, 11.9;HRMS (ESI) m/zcaled for

Cy0H2N,NaO; [M + Na]*™: 345.1579; found: 345.1579.

Cis-1-Ethyl-2'-methoxy-1"-propyl-3,3'-spirobifindolin]-2-one(5u)

Yellow syrup (51.7 mg, 77%); IR (film) 2967, 1710, 1677, 1489, 1355, 1265, 1091,900,742cm"";
'H NMR (400 MHz, CDCL3) § 7.36 — 7.28 (m, 2H), 7.14 — 7.12 (m, 1H), 7.06 — 7.02 (m, 1H), 6.96

(t, J=7.9 Hz, 1H), 6.60 — 6.48 (m, 3H), 5.03 (s, 1H), 3.93 — 3.81 (m, 2H), 3.38 — 3.27 (m, 2H),
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2.97 (s, 3H), 1.83 — 1.70 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.4 Hz, 3H); *C NMR (101
MHz, CDCl;) 6 176.9, 150.1, 142.7, 129.2, 129.1, 128.5,128.4, 126.9, 123.1, 122.7, 117.8, 108.0,
106.6, 100.7, 61.0, 56.2, 47.3, 34.9, 20.7, 12.7, 11.7;HRMS (ESI) m/zcalcd for C;;H4N,NaO, [M

+ Na]*: 359.1735; found: 359.1737.

Cis-1-Ethyl-1'-isopropyl-2'-methoxy-3,3 '-spirobifindolin]-2-one(5v)

Yellow syrup (53.8 mg, 80%); IR (film) 3057, 2972, 1710, 1672, 1489, 1087, 942,752cm’'; 'H
NMR (400 MHz, CDCLy) & 7.34 — 7.32 (m, 2H), 7.21 — 7.09 (m, 1H), 7.07 — 7.03 (m, 1H), 6.95 (d,
J=1.7Hz, 1H), 6.62 (d, J = 7.9 Hz, 1H), 6.56 (t, J = 7.4 Hz, 1H), 6.48 — 6.46 (m, 1H), 5.02 (s,
1H), 3.99 — 3.93 (m, 1H), 3.84 (q, J = 7.2 Hz, 2H), 2.87 (s, 3H), 1.40 (dd, J = 6.7, 4.7 Hz, 6H),
1.33 (t, J= 7.3 Hz, 3H); *C NMR (101 MHz, CDCL;) 6 176.8, 149.5, 143.0, 129.4, 129.1, 128.4,
127.2, 123.2, 122.7, 117.7, 107.9, 107.4, 97.6, 61.0, 55.2, 46.8, 34.8, 21.1, 21.1, 19.4, 12.7;HRMS

(ESI) m/zcaled for C;HpyNoNaO, [M + Na]*: 359.1735; found: 359.1730.

Cis-1"-Butyl-1-ethyl-2"-methoxy-3,3'-spirobifindolin]-2-one(5w)

Yellow syrup (51.8 mg, 74%); IR (film) 305, 2931, 2870, 1710, 1678, 1490, 1355, 1089,
940,749cm; 'H NMR (400 MHz, CDCLy) 6 7.35 — 7.31 (m, 1H), 7.30 — 7.27 (m, 1H), 7.16 — 7.11
(m, 1H), 7.06 — 7.02 (m, 1H), 6.94 (d, J = 7.8 Hz, 1H), 6.59 — 6.53 (m, 2H), 6.52 — 6.50 (m, 1H),
5.04 (s, 1H), 3.86 (q, J = 7.2 Hz, 2H), 3.39 — 3.31 (m, 2H), 2.97 (s, 3H), 1.78 — 1.68 (m, 2H), 1.51
— 1.46 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H), 1.01 (t, J = 7.3 Hz, 3H); 3C NMR (101 MHz, CDCL;) ¢
176.9, 150.0, 142.7, 129.2, 129.1, 128.5, 128.4, 126.9, 123.0, 122.7, 117.9, 108.0, 106.6, 100.7,

61.0,56.2,45.2,34.9, 294, 20.4, 14.0, 12.7;HRMS (ESI) m/zcalcd for C»,H;sN,NaO, [M + Na]*:
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373.1892; found: 373.1893.

Cis-1'"-Benzyl-1-ethyl-2"-methoxy-3,3"-spirobifindolin]-2-one(5x)

Yellow syrup (53.0 mg, 69%); IR (film) 3057, 2931, 2874, 1711, 1607, 1490, 1353, 1102,
936,743cm’; 'H NMR (400 MHz, CDCLy) 6 7.53 (d, J = 7.3 Hz, 2H), 7.39 — 7.34 (m, 5H), 7.10 —
7.04 (m, 2H), 6.96 (d, J = 7.9 Hz, 1H), 6.64 — 6.53 (m, 2H), 6.4 (d, J = 7.9 Hz, 1H), 5.04 (s, 1H),
4.67 (d, J=16.0 Hz, 1H), 4.51 (d, J= 16.0 Hz, 1H), 3.89 — 3.83 (m, 2H), 2.92 (s, 3H), 1.34 (t, J=
7.2 Hz, 3H); 3C NMR (101 MHz, CDCL3) 6 176.6, 150.0, 142.9, 137.8, 129.3, 139.3, 129.1, 128.9,
128.6, 128.1, 127.5, 127.5,127.5, 127.1, 123.1, 122.7, 118.3, 108.0, 107.0, 100.7, 61.0, 56.5, 49.2,

34.9, 12.7;HRMS (ESI) m/zcalcd for C,sH4N,NaO, [M + Na]*: 407.1735; found: 407.1727.

Cis-1-Ethyl-2'-methoxy-1'-((2-methoxyethoxy)methyl)-3,3"-spirobifindolin]-2-one(5y)

Yellow syrup (48.9 mg, 64%); IR (film) 3055, 2929, 2865, 1712, 1608, 1480, 1092, 938,746cm"";
'H NMR (400 MHz, CDCL3) 8 7.34 — 7.30 (m, 1H), 7.28 — 7.24 (m, 1H), 7.17 — 7.12 (m, 1H), 7.05
—7.00 (m, 1H), 6.93 (d, J= 7.8 Hz, 1H), 6.81 (d, J= 7.9 Hz, 1H), 6.66 — 6.61 (m, 1H), 6.52 — 6.50
(m, 1H), 5.12 (s, 1H), 4.97 (s, 2H), 3.85 — 3.73 (m, 4H), 3.61 — 3.58 (m, 2H), 3.40 (s, 3H), 3.01 (s,
3H), 1.30 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCl;) 6 176.6, 148.7, 142.9, 129.3, 129.2,
128.6, 128.0, 127.1, 123.3, 122.8, 119.4, 108.1, 107.8, 98.7, 76.9, 72.1, 67.1, 61.1, 59.0, 56.6, 34.9,

12.7;HRMS (ESI) m/zcalcd for Cy,Hy6N2NaO4 [M + Na]*: 405.1790; found: 405.1792.

Cis-2"-Ethoxy-1-ethyl-1"-methyl-3,3'-spirobifindolin]|-2-one(5ab)

24



Yellow syrup (34.1 mg, 53%); IR (film) 3052, 2926, 1709, 1680, 1489, 1352, 1094, 747cm’; 'H
NMR (400 MHz, CDCLy) & 7.32 — 7.30 (m, 1H), 7.26 (s, 1H), 7.19 — 7.15 (m, 1H), 7.05 — 7.00 (m,
1H), 6.94 (d, J = 7.8 Hz, 1H), 6.63 — 6.55 (m, 3H), 5.03 (s, 1H), 3.90 — 3.81 (m, 2H), 3.39 — 3.33
(m, 1H), 3.00 — 2.92 (m, 4H), 1.34 (t, J = 7.2 Hz, 3H), 0.96 (t, J = 7.0 Hz, 3H); 3C NMR (101
MHz, CDCl3) 6 177.0, 150.8, 142.5, 129.3, 129.2, 128.8, 128.4, 126.8, 123.0, 122.6, 118.6, 108.0,
107.2, 101.4, 64.5, 61.2, 34.9, 32.5, 14.7, 12.6;HRMS (ESI) m/zcalcd for CooHy»NoNaO, [M +

Na]*: 345.1579; found: 345.1580.

Cis-1-Benzyl-2'-methoxy-1'-methyl-3,3'-spirobifindolin]-2-one(5ae)

Yellow solid (48.8mg, 66%), mp: 139.5 — 141.7°C; IR (film) 3049, 2963, 2872, 1635, 1425, 1275,
1010, 851, 747cm'; 'H NMR (400 MHz, CDCls) 6 7.37 — 7.31 (m, 6H), 7.26 — 7.17 (m, 2H), 7.01
(t, J= 7.5 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 6.67 — 6.57 (m, 3H), 5.06 (d, J = 15.5 Hz, 1H), 5.00
(d, J= 6.9 Hz, 1H), 4.96 (d, J = 15.5 Hz, 1H), 3.04 (s, 3H), 3.02 (s, 3H); 3C NMR (101 MHz,
CDCls) 6 177.3, 150.7, 142.6, 136.0, 129.4, 129.4, 129.3, 128.9, 128.5, 128.5, 128.1, 127.8, 127.5,
126.7, 123.1, 118.7, 109.0, 107.3, 102.9, 61.0, 56.8, 44.1, 32.7, 26.9;HRMS (ESI) m/zcalcd for

C4H2N,NaO, [M + Na]*™: 393.1579; found: 393.1572.

Characterization of 6

5-Ethyl-11-methyl-5H-indolo[3,2-c]quinolin-6(11H)-one (6a)

O
NEt
CrO
N
\

White solid (47.5 mg, 86%), mp: 172.5 — 174.3 °C; IR (film) 3050, 2959,1687, 1465, 1280, 1014,

841, 745cm'; '"H NMR (400 MHz, CDCLy) 6 8.45 (d, J = 7.5 Hz, 1H), 8.37 (d, J = 8.1 Hz, 1H),
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7.55—7.40 (m, 4H), 7.40 — 7.31 (m, 2H), 4.51 (q, J= 7.1 Hz, 2H), 4.37 (s, 3H), 1.43 (t, /= 7.1 Hz,
3H); 3C NMR (101 MHz, CDCls) 6 156.6, 140.8, 135.0, 126.3, 126.2, 125.9, 124.0, 122.7, 122.3,
121.8, 121.0, 120.1, 118.6, 114.9, 110.5, 37.2, 31.6, 13.2;HRMS (ESI) m/zcalcd for C;sH;cN,NaO

[M + NaJ*: 299.1160; found: 299.1151.

5-Ethyl-2,11-dimethyl-5H-indolo[3,2-c[quinolin-6(11H)-one(6b)

o)
NEt
-4
N
\

White solid (44.7mg, 77%), mp: 154.3 — 156.7°C; IR (film) 3043, 2931, 1676, 1462, 1243, 1004,
851, 723cm'; '"H NMR (400 MHz, CDCls) 6 8.38 (d, J = 8.1 Hz, 1H), 8.21 (s, 1H), 7.51 (d, J =
3.8 Hz, 2H), 7.34 (dd, J = 12.0, 6.3 Hz, 2H), 7.26 (d, J = 7.4 Hz, 1H), 4.47 (q, J = 7.1 Hz, 2H),
4.36 (s, 3H), 2.53 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCLy) 6 156.4, 140.7,
133.0, 131.8, 127.3, 126.4, 125.8, 124.0, 122.8, 121.8, 120.8, 120.0, 118.4, 114.8, 110.5,37.2, 31.5,

21.1, 13.2;HRMS (ESI) m/zcalcd for C;oH gN,NaO [M + Na]*: 313.1317; found: 313.1316.

5-Ethyl-7,11-dimethyl-5H-indolo[3,2-c[quinolin-6(11H)-one(6d)

o)
NEt
(O
N
\

White solid (43.5mg, 75%), mp: 139.5 — 141.8°C; IR (film) 3051, 2986, 1680, 1442, 1305, 1024,
851, 740cm'; '"H NMR (400 MHz, CDCLy) 6 8.64 (d, J = 8.1 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H),
7.49 —7.36 (m, 3H), 7.30 (t, J = 7.5 Hz, 1H), 7.12 (d, J = 6.7 Hz, 1H), 4.57 — 4.47 (m, 2H), 4.40 (s,
3H), 3.05 (s, 3H), 1.45 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) 6 156.6, 141.7, 134.9,
132.7,127.2, 126.9, 126.0, 125.9, 124.1, 121.8, 121.4, 120.3, 119.6, 114.8, 108.2, 37.4, 31.8, 26.1,

13.0; HRMS (ESI) m/zcalcd for C;9HgN,NaO [M + Na]*: 313.1317; found: 313.1306.

5-Ethyl-9,11-dimethyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6e)
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(@)
NEt
OO

N

\
White solid (42.3mg, 73%), mp: 142.1 — 143.9°C; IR (ﬁlm) 3033, 2956, 1680, 1423, 1313, 1034,
848, 754cm‘1; I'H NMR (400 MHz, CDCly) ¢ 8.46 (d, J = 7.8 Hz, 1H), 8.27 (d, J = 8.3 Hz, 1H),
7.55-17.44 (m, 2H), 7.36 (dd, J=16.1, 8.9 Hz, 2H), 7.19 (d,J=8.2 Hz, 1H), 4.52 (q, J=7.0 Hz,
2H), 4.37 (s, 3H), 2.59 (s, 3H), 1.44 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCls) 6 156.6,
141.3, 136.3, 135.1, 126.1, 126.0, 124.0, 122.9, 122.3, 122.3, 120.1, 119.6, 118.8, 114.9, 110.4,

37.2, 31.5, 22.2, 13.2;HRMS (ESI) m/zcalcd for CoH;sN,NaO [M + Na]*: 313.1317; found:

313.1302.

5-Ethyl-7-methoxy-11-methyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6f)

(@)
OMe NEt
T
N
\

Yellow oil (42.8mg, 70%); IR (film) 3033, 2965, 1682, 1453, 1310, 1004, 852, 742cm'; 'H NMR
(400 MHz, CDCLy) 6 9.46 (d, J = 8.2 Hz, 1H), 7.47 — 7.37 (m, 3H), 7.31 (t, J = 7.4 Hz, 1H), 7.09
(d, J= 8.3 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 4.50 (q, J = 7.1 Hz, 2H), 4.37 (s, 3H), 4.09 (s, 3H),
1.43 (dd, J = 8.8, 4.4 Hz, 3H); '*C NMR (101 MHz, CDCl3) § 156.4, 155.2, 142.8, 135.0, 128.5,
127.0, 126.2, 125.8, 121.8, 120.5, 119.6, 114.4, 112.6, 103.4, 101.3, 55.5, 46.3, 37.3, 13.1;HRMS

(ESI) m/zcaled for C19H1gN,NaO, [M + Na]*: 329.1266; found: 329.1256.

5-Ethyl-8-methoxy-11-methyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6g)
0]

NEt
MeO
OO

N

\
White solid (44.1mg, 72%), mp: 156.4 — 158.5°C; IR (film) 3023, 2934, 1674, 1425, 1350, 1008,
832, 761cm’!'; 'TH NMR (400 MHz, CDCl;) J 8.34 (d, J= 7.8 Hz, 1H), 7.73 (s, 1H), 7.52 — 7.33 (m,
4H), 7.19 (d, J = 9.0 Hz, 1H), 4.49 (q, J = 7.0 Hz, 2H), 4.34 (s, 3H), 3.98 (s, 3H), 1.43 (t, J=7.1

Hz, 3H); 3C NMR (101 MHz, CDCl;) § 156.5, 154.9, 136.1, 134.9, 126.6, 125.9, 123.6, 122.2,
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121.8, 120.2, 117.9, 116.4, 114.9, 111.3, 104.1,56.1, 37.2, 31.6, 13.2;HRMS (ESI) m/zcalcd for

Ci9HsNoNaO, [M + Na]*: 329.1266; found: 329.1256.

5-Ethyl-11-methyl-8-phenyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6h)
0]

NEt
Ph \ O

L,

\
White solid (53.5mg, 76%), mp: 193.9 — 194.8°C; IR (film) 3045, 2954, 1682, 1465, 1296, 1023,
847, 746cm-'; 'H NMR (400 MHz, CDCLy) 6 8.59 — 8.43 (m, 2H), 7.75 (dd, J = 13.4, 8.3 Hz, 3H),
7.58 (d, J = 8.7 Hz, 1H), 7.54 — 7.44 (m, 4H), 7.38 (t, J = 7.4 Hz, 2H), 4.52 (q, J = 7.0 Hz, 2H),
4.40 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCL) & 156.4, 142.6, 140.2, 135.1,
134.6, 128.9, 127.6, 126.9, 126.9, 126.8, 126.3, 125.8, 124.0, 122.4, 122.4, 122.3, 121.2, 120.0,

118.8, 114.9, 110.8, 37.3, 31.7, 13.2;HRMS (ESI) m/zcaled for C,4Hy)N,NaO [M + Na]*:

375.1473; found: 375.1460.

5-Ethyl-8-fluoro-11-methyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6i)
0]

NEt
F
OO

N

\
White solid (40.2mg, 69%), mp: 201.7 — 203.2°C; IR (film) 3052, 2956, 1676, 1465, 1300, 1024,
846, 744cm!; '"H NMR (400 MHz, CDCls) ¢ 8.30 (d, J= 7.8 Hz, lH), 8.06 — 7.95 (m, lH), 7.52 —
7.45 (m, 3H), 7.41 (q, J= 6.6 Hz, 1H), 7.32 — 7.28 (m, 1H), 4.52 (q, J= 7.1 Hz, 2H), 4.38 (s, 3H),
1.46 (t, J=17.1Hz, 3H); 13C NMR (101 MHz, CDCl3) 6 158.2 (d, Jo.p = 235.6 Hz), 156.4, 137.3,
134.9,127.3, 126.3, 123.6, 122.5, 121.6(d, Jcr = 10.2 Hz), 119.7, 118.2, 114.8 (d, Jc.r = 20.1 Hz),

114.5, 111.4(d, Jc.r = 10.1 Hz), 107.6 (d, Jc.r = 20.3 Hz), 37.3, 31.7, 13.1;HRMS (ESI) m/zcalcd

for C1gH;sN,FNaO [M + Na]*: 317.1066; found: 317.1053.

5,11-Diethyl-5H-indolo[3,2-c[quinolin-6(11H)-one(6j)

O
NEt
O
N
Et



White solid (47.6mg, 82%), mp: 168.3 — 170.2°C; IR (film) 3029, 2963, 1691, 1456, 1301, 1004,
847, 749cm'; 'H NMR (400 MHz, CDCLy) 6 8.52 (d, J = 7.8 Hz, 1H), 8.44 (d, J = 8.2 Hz, 1H),
7.60 (d, J = 8.4 Hz, 1H), 7.52 — 7.46 (m, 3H), 7.38 (dd, J = 17.4, 7.7 Hz, 2H), 4.98 (q, /= 7.1 Hz,
2H), 4.55 (q, J = 7.1 Hz, 2H), 1.53 — 1.43 (m, 6H); *C NMR (101 MHz, CDCL3) ¢ 156.2, 139.7,
135.1, 126.2, 125.9, 125.8, 124.0, 122.9, 122.3, 122.0, 120.9, 120.0, 118.8, 114.9, 110.6, 39.7,

37.3,16.0, 13.2;HRMS (ESI) m/zcalcd for C;9H;sN,NaO [M + Na]*: 313.1317; found: 313.1303.

5-Ethyl-11-propyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6k)

n-Pr
White solid (48.0mg, 79%), mp: 150.3 — 152.7°C; IR (film) 3045, 2953, 1678, 1425, 1296, 1034,
861, 735cm!; 'TH NMR (400 MHz, CDCl;) ¢ 8.48 (d, J = 7.8 Hz, 1H), 8.40 (d, J = 8.2 Hz, 1H),
7.57—17.43 (m, 4H), 7.35 (dd, J=18.1, 7.5 Hz, 2H), 4.92 — 4.78 (m, 2H), 4.52 (q, /= 7.1 Hz, 2H),
1.99 — 1.85 (m, 2H), 1.44 (t, /= 7.0 Hz, 3H), 0.99 (t, /= 7.4 Hz, 3H); 3*C NMR (101 MHz, CDCl;)
0 156.2, 140.1, 135.1, 126.2, 126.1, 125.8, 124.0, 122.8, 122.3, 121.9, 120.8, 120.0, 118.7, 114.9,
110.9, 46.3, 37.3, 24.2, 13.2, 11.4;HRMS (ESI) m/zcaled for C;0H20N,NaO [M + Na]*: 327.1473;

found: 327.1454.

11-Benzyl-5-ethyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6])

Bn
White solid (55.6mg, 79%), mp: 147.5 — 149.3°C; IR (film) 3050, 2951, 1695, 1467, 1289, 1015,
821, 765cm'; 'H NMR (400 MHz, CDCl;) 6 8.55 (d, J = 7.9 Hz, 1H), 8.46 (d, J = 8.1 Hz, 1H),
7.56 — 7.47 (m, 4H), 7.46 — 7.36 (m, 2H), 7.29 — 7.24 (m, 2H), 7.22 (t, J = 6.5 Hz, 3H), 6.26 (s,
2H), 4.55 (g, J = 7.1 Hz, 2H), 1.47 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) § 156.3,
140.4, 138.5, 135.2, 128.6, 127.1, 126.7, 126.7, 126.5, 126.1, 126.0, 124.1, 122.8, 122.4, 122.4,
1222, 121.3, 1199, 119.2, 114.9, 1114, 47.9, 37.3, 13.2; HRMS (ESI) m/zcaled for

Cy4HoN,oNaO [M + NaJ*: 375.1473; found: 375.1461.
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5-Benzyl-11-methyl-5H-indolo[3,2-c]quinolin-6(11H)-one(6m)

0]
NBn
O
N
\

White solid (46.0mg, 68%), mp: 190.5 — 192.3°C; IR (film) 3045, 2963, 1665, 1435, 1278, 1023,
847, 740cm’'; 'H NMR (400 MHz, CDCL3) 6 8.44 (dd, J = 21.5, 7.9 Hz, 2H), 7.59 — 7.53 (m, 2H),
7.38 — 7.31 (m, 4H), 7.28 (d, J = 7.0 Hz, 2H), 7.23 (d, J = 7.3 Hz, 3H), 5.70 (s, 2H), 4.41 (s, 3H);
13C NMR (101 MHz, CDCly) 6 157.2, 140.9, 136.9, 135.6, 128.8, 127.2, 126.4, 126.3, 126.2,
1262, 126.1, 123.8, 122.8, 122.8, 122.6, 121.8, 121.1,120.0, 119.1, 115.9, 110.7, 45.9,

31.7;HRMS (ESI) m/zcalcd for Cp3H;sN,NaO [M + Na]*:361.1317; found: 361.1302.
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Spectra of all the new compounds

= BETY gz
= ] 2y

= fEzd EES
= HnEd
E s 2o

¢ Br

)

-
e
\E

1 T T T o L T

3 g 83 g g 53 5

= P = = 27 E:
?‘I\ HIU 7‘3 |r[ lI I._‘-]] 55 E_r[\ -EI'I I.“.I ',.Ii {IU _‘IJ 2.". Ir\ \I” |]‘

f1 {ppm)}
'H NMR spectrum of 4a

g i Z § g
= E : 2 2 2
£ s 22 Z 4 o
| | SN EE———t |

O, Et

0

AN Br

T T
&0 170 16tk 150 140 130 120 10 100 a0 H0 T s 50 40 an i} 0

13C NMR spectrum of 4a
31



LET 1
SST1%
AL

LY T—

SEP'E
mmﬁ.m%
OLv'E—¢
mmv.m.\\k
£0SE

(rey
8CEP
SLEY
THER

LRG'S—

all'L
BEL'L
9LL'L
lal'L
861'L
SLT'LAE
6LT'L
8TT'L
EETL
(A5
9sT'L
L9T'L
LOP'S
SLP'8
qmw.x\

=

=00'¢

>=El&

Fogy

For1

Foot

511
kaoo

FLO'L

0.

e
(a |

30

40

45

1 (ppm)

wy
i

6.0

80

85

9.0

'H NMR spectrum of 4b

R66°Z1—
SRR'EE—
PEOEE—

RO6'EP—

LEGEOL~
naL a0

EFTLEL
SECTEI
LILTEL

x«._.hﬁ
x%_hm,w
pRO'RT1

891621
STorog Ly
0EEIEL s
plLogl T
pESObL
Sezpld

8RO'SOL—

10

30

40

100 90 80 70 60
f1 (ppum)

110

130

140

170 160

180

13C NMR spectrum of 4b

32



IPLTT
al6T'1 W
860E°1

PIZET—

9TS5 L
6L Le

LY xw
898

J

i
e
-

=-LT'E

ES0']

Foot

ST

Ll
RUINY

=001

ROl L

'TH NMR spectrum of 4¢

FIFGTI=—

LHB0T—

TOFEE—

D0 tr—

8661791 —

T
an

T
109

120

130

140

T
(514

160

(ppm)

13C NMR spectrum of 4¢

33



T
10

DIRGTI=—
= 1968 02— [
=TIt
B | =

u LSl r—

FIZET— = =LI'€

e

L0

=Ll
GO1EF r

T
40

T
100

110

'H NMR spectrum of 4d

6.0
T
120

R 1 L
ﬁv \A oot [

- ._. by
wZ =
oF fAu\\./.N -
7Y
; =
0S9T°L

\
N
_.\ N LS
S b
e
wz Dfn_
9TSSLn, ST Me
LSt —{
VAR
I e L2
e

— ROl L=

13C NMR spectrum of 4d
34



008£T—

ERI°¢

= Fure

— FITE

#S0°1

9.5

0.0

'"H NMR spectrum of 4e

EOMFH1 =~
FIRL 0T

LT I ey

v Fr—

LEFTE91—

T
50 40

&0

T
0

T
100

T
20

130

140

160

13C NMR spectrum of 4e

35



TLLVEl—
u- =S0°¢
Ju L0 | -
LETE T -
6v16 74—
| §658 TE~"
b £176'Er—
| =
FOTHE |
BHES w.»/ e oli =
EVW Feri [ = F
h FEl'D
I hul
: G
“ )
== Lo| _ m
L=E Q
<+ & (]
— o
= 172)
be = >
— > 4
|.A FOOT|
3 S0E 17
Q L= coporct . z
y /\ e SLTLRTIY, ...
& Y
g2 re ALy o )
Ly ) _ i (w4 o
= 4\ - = 0Lbs 3._.\ okf\/w\
VAR |
& = R
681€°E51— —/
£69F'8 = |
BFLEH

a0

B0

0

il

{ppm)

a0

100
36

a

3C NMR spectrum of 4f

150 140 a0 120 1

160

T




[Lree
BLETT
LFETH

TILTF

t
N
L

0,
R !
N> Br

A
o

J

=R0'E

7€

ATl

Lot

v
=101
op'g
A

0.f

'H NMR spectrum of 4g

TRTH'TI—

i "
S656FTI
STl

20

30

a0

0 100
37

11¢

13C NMR spectrum of 4g

130

0

180



e Lg
S al'¢
4 L=
OBTIEE—
4 [ =i
PO0T Fr—

3.0

'H NMR spectrum of 4h

— 001 e -
0T5TL = B
986TL 7N
= wOIL LS N={ -
801 b [=
= REL GOLO = -
o i b o
= e T, (]
o1t &y =
N
RIPES 2
09SE°8 e
S IW e L=
LO9T'8 od Im

38

13C NMR spectrum of 4h



2 = — =
2 z = £
o = Gl
v i 1 1
[s)
\ Et
¥
=%
St
DR
~ =N Br
\
I
[}
1
[
!
]
., L
T -
o 2
o -
- - . T T T
B0 3.0 2 2.0 -5 1.C 1)
= =
% = Z g 2 d
& o b3 Z Ed =
2 3 g b 8 =
] [ I |
1
]
UR}_EII
/ h’\/’\‘::.
S5 I !
| l: b = I
¥ N\ ar i

180 L7

T T
160 150

T T T
140 130 120 110 100 an 80 T (1]

3C NMR spectrum of 4k

39

20

T
10



—8.21

|

27

4 =
T =
o -+
(s ]

H“-\:-___
e
-

o e e e oy ¥ i
& £ = = g3 2 =
= - e = = —e o e
T T T T r T T T T T T T T T r T
5. 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 1.5 1.0 [
2 = = o
& = = bt
s = 'n. =
b= = — o4
s - =l o
| | |
Q Et
P_N -
S l/j
TR} =
Ay Br
X

T
180

T T
130 120 (804] 100 a0 &0 i [ 50 ] an 20

T
170 160 150k

13C NMR spectrum of 41

40



1Tl
68T _Wﬁ
BALT'T

BOLFT—

1L5T°L
EERT'L
83T L

Foot

(ppm)

'H NMR spectrum of 4m

Hs6'Tl—

oL 1T—

LotHTE—

Fli6'th—

OFBLTHI—

PLETEOl—

a

0

kL

]

(0]

[t}

100

10

20

140

3C NMR spectrum of 4m

41



SEST1—

6ILEE—
00ES E—

S r—

DETSY
£THS'9

£19L°9

?E..WM
PLBE' O~
R166'9-
L680°LY
poozid

EERFL—

ome & N

Fore

Feol
FI0E

=30°1

T?
3101
Rz

m\ma._

30

6.0

{ppm)

'H NMR spectrum of 4n

LIP9'TI—

SEEE'TE—

BIPOEr—

1047 88—

Q94
£4E8
837"
TEELOIT

Gl FEW

1514581
fasaRral

BELTEE |
2EBR LT 15
Flir xm,\u

GELI'ES |—

DE61ES T—

OMe

Mmm mwjmwmm

-10

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
200

T
210

13C NMR spectrum of 4n

42



I ! . T —

338888 =B = ¥

S o—— — i [ -
T T T T T T T T
8.0 6.0 5.5 5.0 3. 5 3.0 2.5

167.4290

w
:c
]

—15.1939
— 125811

T T
160 150 140 130

13C NMR spectrum of 40

43

T
20

T
10



69L6TI— =
&
=]
Fs
| o
1621 J &
N ——ee— (7 e = N
tst! ) 1 LOVT'EE
- - =
| 16L6'EF—
| ol
i
S £51855— #
o
s
FE
/ ) log fe 2
Xy = hygy [ I
| i G F2
ssg'ed = B
SEGE— . =ZlE e g
%
15T " 2
9ZEE Y, . i _ E +
pers el = _ B _am 9
12967 S m -
s 5 s
& a7
[ S
N L=
@ an)
0 =
7N
O |
aZ ) -—= Fool Le
Ow\_f,;mn.w\ LS
b o
&\ A\
=/
i POEOFED =
PIEE'E 2 == 60| o BOLLTHI— h
coes' i g B[
SISEEq j T,:._
1558 — i . L2
9nLE e == Tur- -
g = 6TFS 51—
?_SW = R0 L2
ozt E
] -—— Fs01l2 .
gl 0E1T'C91
206! Le
6
[
L2

13C NMR spectrum of 4p
44



SUEN Y-

Gt L
989t°L

9ERE—

\ )
o \Tk/
wZ &

= 2,
7N 2z
¥ N

Y

=T'E

wS0E
T

601

3.0

1.0

6.0

8.0

{ppm)

'H NMR spectrum of 4q

6OF6TI—

£T50 Fr—

9185°LT1
FORERTI

[—
wE\w

OFLITHI~,
0£69°TH1

TOr0esl —

a0

i}

0

140 Lan 20 1 106 90 8O0

150

LG0

{ppm)

13C NMR spectrum of 4q

45



=t

=007l

'"H NMR spectrum of 4r

OL06T] =

BLT—

HS0 Pr—

b 1 %
SFERTIEN
S0ESTEN V

£E90°FEL-"
SOpS IRl —
OLLY LS —

BITT091~"
BIRYFO1—

A

1

ii]

a0

140

150

190 180 T

200

1y

NMR spectrum of 4r

46



=0l't

Foot

?x:
g0t
62T
L0
gLl

FE0'l

0.6

1.0

8.0

8.

9.0

{ppm)

'TH NMR spectrum of 4s

1668T1—

(oS —

(V] FAS ] R

£166851—

13

10

L

40

2

1on

130

140

g 160

180

C NMR spectrum of 4s

47



Gzl
:w
geal’l

LTl
S08T°1
FRLT'L

o6 0F—
I868 Er—

{ppn

'"H NMR spectrum of 4t

= LP6S'EET— -
= 9661 5E1"

LOT6TH T — 7
AT ey /&

kg A

L Y
Fror| Mlmv

THLIS91—

H99°L oz &
2 A

H4.0

STAES

~3
R
E

0]

50 140 130 120 110 100 ‘.‘n 80 o
3C NMR spectrum of 4t
48

160

0

17




OIFE

mxcw.x
mmmw zv
£0EP' R

|

Foot

el

9.0

{ppm)

'H NMR spectrum of 4u

LT~
6T

IFSLTT—

CLEG'EF—
SLEDEF—

NLET RO

eade
[ |
LTOSTTI
6FLIFTI
GO RTI
+OR0aTI
REIL
a9ley’
606
HORE

Sl

|

rre'T

Ql—

10

40

0 &0

Al

=1

814)

a0 140

A

16}

=

{ppm}

13C NMR spectrum of 4u

49



ELRTF
AL TiN
LIZEY
TaE'F
BHOFF
SETFF
10tFF
ROEFF

0, t
-
p

NI’ Br-
-Pr

X

Feot

o'l
5ol

{ppm)

'"H NMR spectrum of 4v

LEERTI—

SLIREr—
EERD L —

FIFTE91—

YN

R

=

=

D o

N

.

-Pr

40

0

T
40

T
100

110

T
120

T
130

140

150

160

T
170

{ppm)

r1

13C NMR spectrum of 4v

50



:.v.w.m.w.w

"L

L
R
TolFs

CETF'E
ERTE

|

L

FIt

Ferz

Feot

=60
Lk

Fsot

Faot

'"H NMR spectrum of 4w

PReY6l—

e IE—

GOFT 601
ok

TRLOTRI—

Lol —

40

50

T
100

110

150

T
180

140

13C NMR spectrum of 4w

51



ECIP'S
1518
FLERR
A

I

For'e

Firt

Feo'l

1 5 B

Rere
901
L2007
Apro
#80°1

FLo

6.0

9.0

{ppm)

'"H NMR spectrum of 4x

TFTeEF—

0894 Tk 1—

FIsel—

140 130 120 110 100
1
13C NMR spectrum of 4x
52

T
Al

T
160

2




s JELR'TI—
L =
]
L89T'l
9ERTI =(t't FE
viogt |

DI 6E— L
= bige|
10 =
b FE
w Aﬂ.m L Wv PLPE 1L—
m\m& | o LT6E :..r./
0 L=
T9LTH o 0 m
:ﬁw% e r o L
AMIEF Fos o
=, (o
— wa
= m LS
LT E— —el ][] N
B T 2
L= F8
-— ool
PEIGEEl— “Jv
SOepeEl~" i
L _.. :N\ . L=
AR 8UT| ThL Th — =& &
7N 9IFLTRI o
L = 00T 0\\_/ -2
i 10T | {
&2 § s Ao [+ I\ FE
e B LY N/
o) 7z 011 e
N Mo FE
—— 80|

1 ippm)
53

13C NMR spectrum of 4y



G0SE—

L9297~
€08 b

I’
_cm.mww

Froe

L

mef

-ﬂ Foe

0l

S50
Teos
50t

= a0l

Foo'l

w
e

3.0

40

50 45
1 (pp)
"H NMR spectrum of 4ae

. ¥

i

6.0

9.0

SOL'EE—

£52°0p—

SOLG0L
Ehiet
sTLTel
6OLTE I
€051
LEE LTI
612821
LZE'STl
sze'6el
60F6T1
968 1£ 1

£l
9c9°614
ezl

6L1'S91—

10

30

40

90 80 70
f1 (ppm)

13C NMR spectrum of 4ae

100

110

180 170 160

90

54



LBET'T
Fo1E ﬁW
:nmm~

BPRET
210"

96T E
POPEE-L
6E0R'E
083

TREG =

95750
BP0
56959
Le85°9
63650
1100
9160
praa

LO6G S
E00°L
ORE0°L

BEEIL
LIFT'L
0074
LTET' L
TECT'L
BOBT L
090%°%
ECEE L

6le

= if Moo.m

] G0

= Friz

— 001

Feoe
501
mﬁ:
p—
— 601
fal!

4.0

4.5

1.0

1.5

2.0

5]

30

3.5

£1 ippn)

'"H NMR spectrum of 5a

BEEDTT—

FILLTE~—
CIPE e

EETEHE—
Pk d 09—

016 E0T~
GRLT L0~
€980°'801~"

FRTLEIT
LECL NNH./.
A096° LT
apay cfﬂ.(
FelF 871
GILFBLT
EETEBLT

SEER TR T—

TILe0sT—

Q0REALT—

90

T
100

T T T T T T T T T T
190 180 160 150 140 130 120 110
£1 ippm)

200

210

-10

1o

13C NMR spectrum of5a

55



mxm._/

oom._ IIJ
8Lel 7

gl

PSR'T~
8867

mch..m._,

O8L'E
rmh.mw
SLE'E S

GER'E T
LLR'E

SEHR'E
Ele'e

= F8le

— FF0'C

S0'E

|

00'¢

=— Tc.m

—_— R0l

0.

10

0
(]

30

33

1 (ppm)

4.0

]
i

6.0

n
-

'H NMR spectrum of 5b

8RS'TI—
6L8'81—

0Z6'TE~
8LE'PE

GR1'9E—
£ar'19—

LEG'E01
éwmc_w
g a0t

EEN_/
omm,mm;;
LE5'9T1~L
206521
wezezl

sz'8el
pOLEpL-"
089'0S1~_

LLS'LLL—

-10

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

190

13C NMR spectrum of5b

56



CEBL T/r

CI0ET—F
Z61E T\v

EBCTE—

OLEEE~
FIEOE

JELLE
L0
TEERE
EAERE
wth.mQ
:wm.m

AEEHF—

nvmn.ﬁ
BRELD
BICCR
Teseo
LI9CD
CLRCD
FEO99
BZEY 9~
£T08°9~
et
TEBD £~
nenr s
BETT L
TEET L
TR L

ale
co'e

Feoz

=001

Faoe

L0l

Feoe

4.0

3.5

4.5

6.0

f1 ippn)

"H NMR spectrum of 5¢

LEEYET—

GFED T~

FFEETE~
698 RE—

TLEF 96—
e L 09—

LEBDEDT—~
QEDELOT
L¥FE hEV

BCTZEITY
TEEETIIN-
DSLT LT T
216 517
TE6L BTN
At
£86C6TT
1182 7E1

GAIEEET—

ELED OS]

CRFEILT—

el

100

40

180 1 180 180 140 130 120 110
£1 ippm)

180

13C NMR spectrum of 5¢

57



091e T
IFes L‘h

—Nnm;\‘

CIEFE—

CERA T~
EIS0E—

CIERE
09FgE
QRFRE
DEORE

Hler—

Sk
15
19160
9565
£ET1070
GIESI-E
PEOL O,
LVER D
sesred

96L1 L
Liszed

Foze

vele

Fore

Feoe

=001

30

4.0

f1 ippn}

3.5

4.5

E.0

'H NMR spectrum of 5d

LIEGTI—

098 TF—

LETETE—~
60T FE—

SO0 RE—
o089 09—

GFRTENT~—
OFED 0T
LBLT wgur

SE5K 611
coorry
£489'E
AT
PEIPTI—
PELESET
P09 BT

GT0F 6ET—
LPE EF ==

GTLL O T—

GLI0NLLT—

MNWMW Il

.Lw

iy MW’LW

.

L

b

N

MMMMWM

T T
a0

110

100
£1 (ppn)

120

130

130 180 170 160 150

200

13C NMR spectrum of5d

58



LECTT—

SEOCT—

TILE T~
LBE0ET

STI0F
FELOT
LiF0T

0500F—
pE0F
EEOTY

fatds o
£OPET—

i
L0959
boLcs
086D
87859
15099
3609'9
2099
Lheee
6009°9
15r9's
bere
Pi989—
60069
1L
oeplL
£18T°L
oporL
Z08TL
LERTL

B

=rlE

Fggis

Foze

FLE
cle

4.5 4.0 3.5 30 25 2.0 1.5 1.0 0.5
£1 ippm)

5.0

"H NMR spectrum of 5e

695 T~
FBEF BTN
GEPE 21

DL68 TE—
HBF L PE—

CLBEBE—
LEEE 09—

EFEE E0l—
GOFEL0T-—

Tras 8l
o1z 8Il
EOBEEETS,
TLADCT T~
FEOT'EET
T GET—
Q0.0 mwﬁ\
CETTEET
19267514
8% me\.

ERLEDET—

EOTTELT—

10

40

T
a0

T
100

T
110

T
160

T
160

T
170

T
180

T
180

£1 (ppn)

13C NMR spectrum ofSe

59



FALTA]
amdw._Mr
0Zze’l
0oke’|

EIGLE
ISIR'E
CEERYE
1188

QiFRE—

12989~
(g9’

ses e
b

I

opgesd

Lo'G
ST'E

patixs
“zoe

ErlT

4.

=00l

Fsoe
=S0']

Foz't
60T

4.0 3.5

£1 (ppm)

3

50

'H NMR spectrum of 5f

8lELTl—

ELEETE
FEEE mmV
BLLCEE
ETDEFE

SFEear—
BERT 10—

&R TE0T—~
0TF220T
T he.V

ELEEEIT
£ELD mmj.
FEIE FET
FaTE VNﬂV_
BELD LTI~
BOTT'6TT
LEBE'ETT

cong DE\
CLOBEFT—
LELEDE TS,

PRLE 9LT—

Lk

180 11 160 1580 140 130 120 1 100 80 g0 70 &0 50 40 30 20 10
£1 ippm)

180

13C NMR spectrum of5f

60



Hm_m_./

TIEE ¢
il ~\

0586 T—
0CE0E—

91E’E
mmmm.mW
sersef

60486

L —

nEvs o
£005°0
ohec '
£519°9
1859°0
9969°9
£9PE'9
0580
péog'o
L6680
TEIT L
BEE0 L
£ L)
a5 £
49T L
6981°L
BG0T°L

—_— o

— =00'%

= =607

— =001

T T
3.5 3.0

4.0

4.5

£1 ippm)

'"H NMR spectrum of 5g

0L ET—

0L L EE—
EEDT fE—

ELFORC—
600% 19—

002 T0T~_
CEOP LOT
20EF mE./r

hiebs 89

pet=iaN
9ETEBII~,
PEETTT
£96L°321

PE6S 6T T~k
ernDET

9L BET—

Cene s I—

CEDD 85 [~
206E09T—

05859LT—

10

30

40

T T T T T T T T T T
180 170 160 1580 140 130 120 110 100 el
£1 ippm)

T
180

13C NMR spectrum of5g

61



L9BT]
L0 ~.V

OLEE 1\.

TEEE T
CPEDE-

BOLEE
483 m.#ﬂ
TZ08E~

FO0ZE
00zE’s:
BIER'E

00gge—

SL169
ThEED
el
L6LED
65360
£p099
Az
TépaD
L6599
25900
60459
0LL9o
e o
05299
T80L0-
BELED

POETE

ZEET L)
LERTL

PECTL

245TL

LT

ZBLIL

TesrLd

M

=rlL

pElE
zre

Forg

ool

; 4.‘0
f1 ippm)
'H NMR spectrum of 5h

4.5

30

3.5

5.0

5.5

6.0

6.5

7.0

1.5

80

BIE8TT—

19E6 98-
ORBYTE~_
LIETSE~

LT RC—
1685 09—

0Zk&96
OLTOLér
T989°Z0T~,_
LFEE LOT
SFRL moﬂ/.
LFRE'E0T
ETSLEIT
BCEBTTIN

29L5 MEW
2009°52 1
£9RL LTTF
2132 R&gn
0166321
cosp ez1Y

TIEEERT
ESROFRT
ealp 05—

OELTT9 T~
BOI9FST—

GEOT LLT—

200

&0 50 40 30 20 10 o -0

T0

180 1o 160 150 140 130 120 110 100 a0
£1 ippm)

180

210

13C NMR spectrum of5h

62



1Zee’|
(4633 _V

amn_m._\.

ZheeE—
6LE0E—

194889
RIBR'E

BEOR'E
BR6'E
FANTSE S

sopeed

08P6'r—

PEERPS
cm.MW.cV

e
6 .c/

1€€0°L
FLLOE—F
B060'L
PO lL

FLOE
Bgoe

Feoe

Foo'L

£1 (ppm)

'H NMR spectrum of 5k

o0 e E1—
00T £1—

GELTEE~
L e

ELLF 95—
E90T 15—

B00T RO~
PIREE0T
£498' L0717

TICTIZT
8E8L Nmﬁ./.
9809 971
(S} wNHW
QECERTT
EEFF mmﬁﬁ
nnwmmNH

096 FET
FROE TR T—

GEE 05 T—

EEODLLT—

WE

WWMWMMHM

a0

T
100

T T T T T T T T T T
180 180 160 150 140 130 120 110
£1 ippm)

200

210

-10

17a

13C NMR spectrum of5k

63



£e0IT—

OFL6'E—~
SoI0E—

LERLE
PEOSE:
O1TR'E
GRLA'E
£IS8'YE
SOER'E
1698E
1i88'E
ElLiES
£ITO'E

9568 —

PR

GELOLA
08EE'L
£EET'L
POLT'L
BIGT'L

081£L

m_

=10

I

=E0'E
£

Froz

==L

=001
ES0'L

€1'g

e
sSUL
Rzl

4.0
£1 (ppm)

'H NMR spectrum of 51

[t}

LIEYEl—

S098' 17—

IR T~
GOTE'FPE"

SHaF He—
SORY NH—

GFRT'EO T~
OFZOR01
LBLTEO1

SEPI'TT]
EOR9TT1
A58 ‘GNHV

SPO9EE |

GEOPGET—
LOPETE [ —

GELLOS | —

6LI0ELT—

HWWMWWM

iy WMWL‘LWN

LU

m

30 20 10 0 -10

40

200 190 180 171 160 150 140 130 120 110

21

£1 (ppm)

13C NMR spectrum of51

64



DIRT|
umem._.V

mmnm._u\

affe e
0800 e

018£°¢
Fi- TS
918
PrERE
SLER'E
LSER'E
PELR'E
O168'E

606 P—

LTEO~

i

UL

FETE

HL0E

»o0'E

o

ez

=001

T

4.0

£1 (ppm)

'H NMR spectrum of 5m

LTEFET—

§098 12—

LATRTE~
G0TERE—

§9EFHE—
o029 09—

AFRTE0T~
OFZ0°30T
LBLTRO0T
BECHAIT
CEROTTT
EARDELT
SR BT
FEes nmﬂ.v
FELEBLT
SRO9ELT

AE0F 6ET—
LOFFEFT—

AELL DS T—

GLIDLLT—

e

()

i

I

|

130

)

.

&0 50 40 30 20 10 [t} -10

T0

1o 10 90
£1 ippm)

120

200 180 180 17a 160 150 140

210

13C NMR spectrum ofSm

65



0sze’l
omvm._W
GOOL7]

ee T—
0910'E—

SR —
Lvrs
beaL -,
SERLET
o'/
St
StRe'E
Lo

6LED'

8000 —

20169
086
GERE'D

0e0 1L
mmw_.hk
LT0T'L

GP0T L
IF8T'L
PLRTL

Jilil 1l

Fezle

Foo'e
Esoe

F90's
Frot
Frot

oot

o'l
Lo

oA
€01
Fool
o'l
80'L

4.0

£1 (ppm)

w

'H NMR spectrum of 5n

EFLEE1—

Q0T ¢ EE~
BEFE P

FEETSE
FIET 95~
9T a5

927 101~
SETLT0T—
s T
crn LT

PO0LC T
6782 L1

sesesTL
0588 £T1~)

CEBD BT I—
GFF90ET

S TR T—

FO0TET—
TIEpee1—

TelPLLl—

N e

200

&0 50 40 30 20 10 [t} -10

T0

180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

180

210

13C NMR spectrum of5n

66



094870
SE68 QLVN
G016
PROT
mmmm._W\
ore’l
PE0L |
POZE|
PREE]

e
peOE'E
03e6's
PoBE'E

PRLSE
mmm.n.mw

£E0 19

mmm_.cnnw
06197
suiEg!

689

93pT'L
81sg'ed

i

—
—

bk

E60E

FRO0C
Eroe

TE.N
sl

1oz
W—c._

E00'L

ol
Mmc._
FO°L

001
../cm._

T

4.0

n

£1 (ppm)

'H NMR spectrum of 50

005 1T
mezi—
At

CTogrE—
806 EE—

FEELSE—
QEIFas—
E0DE E0—

BEEH'00T~,
DIETTOT-,
su1sz01/
£e95°£017
ES06STT~
YOBIZZT

z90 nﬁﬂr
£0zL h_.:um
1963 21

gEir0s1"

GFLE TR 1—

0805 T—
FEEOCST—

IFtE LLT—

.

0

-

I

oLl

a0

T
100

T T T T T T T T T T
180 180 160 150 140 130 120 110
£1 ippm)

200

210

-10

17a

13C NMR spectrum of50

67



-10

JMMWWJWMMWW

|
iy

o
=]
=
- DETIET—
1671
Em._W ——= g
188E°T Lw
BEEEEE~,
BELEPE
{
§ BETECT~
| 9197 95+
i . EEIT 19"
I6T— —_ =80t 4
£EE0E— —_— e[
=
| w
9919°E [ 4=
S_m.m/ | = ©
FE8E - =gl'E m
2IPEE J y =
reC8E—F = 607 E
0943 m\ FoE 15
BEAS'E | B 9]
- O, IRt
| = R ATIIEN
- 1801801
= = £ssr 0l
M i1 {483 54
Z, vt
TELET— — =001 = 16k omﬂ./
Mo T rwe BI~
- Ly0s 821
015 DT
| o
il LTI T—
LT ERT—
= O EST—
’ e
2 —
DECE 3+ | o
504D = by [
61169 :
S u% = S0l E1EL0LT—
s, S P
AALEy - TR
216D ] Kmo._
LF00°L = Sl
SETOL ]
L2ET LY | Lo
ET5TL I
0TS
66T L
ze6 L] L=
SRIEL o

a0

AR
100

£1 ippm)
68

mL

ﬂ‘
110

\

13C NMR spectrum ofSp

A

130

140

M
1
150

T

160

1o

, MWWWMWW

T

T T
190 180

200

210




SO0
TELOE

FoREE
BE0E m/
L0RRE~E

LTI6E
L0EEE
TaFEE

LOAE T

GELD 9
rE69'e
T68LD
25620
£996'04
79869
TIWO'L
2660°L
LBL0E
TE0E £
£1eTL
PEET L W
9E8T L

40154

EOEEL W
2EE L

LICE LA
0L L~
9965 £
TSP L
ST L

DEER L

S6E L

(il

I

2

L0

60L
ngm

etz

=001

N
EROL
780l
Esl'L
el

ay

ik

T
4.0

£1 ippm)

4.5

30

3.5

5.0

5.5

6.0

8.5

T.0

.5

'H NMR spectrum of 5q

CIRPEI—

LFE T
BRILEE
TZ0EE~

LCRC—
6270 18—

GFLET0T~
CFLE L0T~

i

EATBELT

TLETOET
ERTLATT
CECERLT

322
tes s
cresztd

OFLE TR T~
$9R5 TR T

CEEL 05 T—

SERL9LT—

et MMlLNL\NN‘memMMW

LT

"y

T

200

&0 50 40 30 20 10 [t} -10

T0

180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

180

210

13C NMR spectrum of5q

69



FEZE'T
v:vﬁqw
£6CE]

LECET—
Tarl'e—

T1E8E

ogrs m./r

E00RE—
[ujz2:¢ m\
9T08'E

LG F—

20579
2E0L°9
Zere0
LETED
CORF O

86663
005°8
mﬁm.f
199670
el
060
sECTL
9L
pEsT Ll
Ewm.h%
6LPE L

Fere

FE0E
00

Fooz

=001

Frot
Frot

01
£00°1
Ryl
wELL
koot

T

3.8

4.0

4.5

50

£1 ippm)

"H NMR spectrum of 5r

PTG ETT—

OETEEE~
ELEOCE-"

609 RC—
LE9E 00—

LETEE0T
cREs 0Ty
7219°L01 /
9¥0Z 301
£299 011
o160
68T ST
L3P 51T
PSORTET
996957 1
9L LT1—
66321
2£0£ 05 1)
errrosTd
12k T 1

0L60 £F T—

LRCCCTT~
QL0ELET—

0ZLT9LT—

i M‘)J‘MAJLJNMWW

I

I

i

wmuwwmmw»l

&0 50 40 30 20 10 [t} -10

T0

200 180 180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

210

13C NMR spectrum of5r

70



FEILT
FOsE _W_ln
£3PET

EELE T~

TCE0E

BOCEE
TOERE|
£8ER'E
Fhid:3=
£9¢8°E
ez
£L3T°E

BEkdE—

m?m.w._

e
66070
LT
P70
L8k

LECED
EFOF D
00k
£9ES
B096°9
0iF0 Lk
owvm.h\./.
mnom.h\\-
9.90°4-
SOFT L
£E07°L
059z’ L
FHEEL
EEFEL

L

4.0

£1 ippm)

"H NMR spectrum of 5s

EZLE

RELE
AL

Froz

Foo'L

Feoz
Flol

Fanl
bgnp
A

o'l

3.0

35

4.5

5.0

6.5

7.0

T.5

HEGTT—

1T EE—
1596 Fe—

CRRPAC—
CIeEos—

HI0CE
8387°C6
TEre ol
SEEROT
ERCs P01,
zest B0t
HTRTLT
1150571
1698 ELT
TIBS RET-,
cops oz /f
con0'EET
1o69°321

TAOCEFT—

nwmmmmﬂ
CECE mmﬁv

EPEEEDT—
ELCLEOT—

S aLT—

M«memmwmmm

|

MLM«M MWJ‘JA

|

L

&0 50 40 30 20 10 [t} -10

T0

200 180 180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

210

13C NMR spectrum of5s

71



tratr

QIEFE
DEER L
TRCFE

BLLFE—F
BLGRE
ZIE8E
TIERE
BEFEE
ECCEY
200R'E
EELRE
LIFEEE
1168 m\_

FELDS—

15160
BLICY
oFec's
£LECD
FPOCY
ZI8C0=F

£e
HE0E

=00l

ool
o0'g

el
ﬁ::

Lpol
Feez

T
4.0
£1 ippm)

'"H NMR spectrum of 5t

4.5

w0
= L198° 1T~
162021~

— BEEEPL—
SPTL6E—

i CERIAr—

RATH 00—

35

SIET00T—

EMER0T~
66108017

BEOTBIT

FEOL NNHW

5.0

E0E0ETT
0P8 9L T
[ mwﬁy.
FEOS 8TT~4

{34 2&.
cTEL 6Ll

5.5

6.0

LET9-Thl—

TLLS 6 T—

6.5

.0

THE8LT—

T.5

3.0

I

40 30 20

70 =]

180 170 160 160 140 130 120 110 100 80
£1 ippm)

180

13C NMR spectrum of5t

72



22E0]
Fron i\
26901
9PIE T,
9788 17
0gE |

LELT

pesL T~y

ORLLT
SEALT
80181

FELET—

PE0E'E
Emm.mv
SOREE

ELTE L
ECFR'E
SEOEE
STREE

LZE0E—

Taak's
pl0cs
891¢'s
S07¢'S
£oreo
pepey
£19¢'9
$E90's-
20fe g
ER.LW
Zop0L
pEROL
oserLs
ssLeL
£zl
953zl
B56TL
szEEL
asEEL

Roe

Feoe

Feiz

4.0
£1 ippm)

4.5

LR

Feog
wE0°]

ot
ooz

3.0

3.5

5.0

'H NMR spectrum of Su

TIRE 1T~
sregEt”

ELEL 0T

T0EErE—

QaTELF—

SoTTas—
TREE 00—

L999°00T—

LOLE B0 T~
Zeo080r-"

EDERLIT

BENL NmﬂW

DEFDELT
Z06392T
AEFR mmﬁ/.
BEO0SBET

FECOETT
092Z 6L 1

POELTRT—

BELTOST—

COLgaLl—

180 170 160 150 140 130 120 1o o 80 80 70 &0 &0 40 30 20 10
£1 ippm)

180

13C NMR spectrum of5u

73



SE0E]
CITET
SORE]

192E°T
086 ~W
0E0F'l

mv:“.L

PL9ET—

00185
BLTZE
6SPTE
GEITE
206 E~
LEE'E
SOV6'E
pitged
Tree e

PIE0S—

3E0F w._
990F
TIEF'D
BFEFY
06ecy
SLCCD
BELCD
[aelil] WLI\.

BifR e,
L8060

IS0L
P
22.%'
SEETL
BLIEL
Lt
0iEE'L
BOFEL
wpe L)

i

111}

I
LU

F207
Feor |

ool |

ool
o0
Aol

=00°]
ool
rmo._
Fooz

L5

2.0

2.5

3.0

5P

4.5

5.0

55

8.0

6.5

T.0

T.5

8.0

£1 ippm)

'"H NMR spectrum of 5v

CCORET
QECEET
mhmm.nm..V

ERDEFE—

ELEg 9r—

31T Cr—

LERE0F—

229 L6—

EEQF 0T,
£EE6 L01-
FEES LTI

Dmmom_.:./
£ecl mer
IR

wwummmv
mwmvmmﬂ
m_a_:mNH
GOZF 62T

CEEDERT—

0sEr ér T—

TEIR'QLT—

H
=

i mmmaw

50 40 30 20 10 [t} -10

&0

200 180 180 17a 160 150 140 130 120 110 100 90
£1 ippm)

210

13C NMR spectrum of5v

74



L3860
EDD._W
FPezo T
EIET
g1eL ~W
LERET
LECFT
SELFT
EE6FT
LT
2C0L°T
FEILT
SFCLT
ELELT
0er L'l
SECLT

EELET—

BUEEE:
SOLEE
LELEE
09Les

08CEL
09 8L~
OF98E
OZE8E

T8L06—

Numw.w._
Faar s
FICD
CRICY
{1
L9650
FAI
ZEOLY

ik
0LED L
T6EDL
Tz L
%Ek
o6TEL
piaan

208

A

cug
hegg [
youe

sk

Fcoz

3.5

FI1Z

T

4.0

=001

vEOL L
ﬁmmom

SO0

vLLL [

=L
Lot
0l

0.5

1o

4.5

5.0

£1 ippm)

"H NMR spectrum of 5w

[
nnma.mﬂ.\w
G0FF 0L~

18eF 60—
LBLEFE—

SIZESFP—

P17 95—
1L9609—

CREO00T—
Fags 90T
LEAE hDT./r.
LEFRATT

0104 NNHW

OFFO'ETT
TELR0ET
802k mmﬂ.,/
FOLE BT
L1071 mmﬁ\
wﬁmmmﬂ

ACRDTFT—

00F005T—

ALERDLT—

WJLLMWMM Wiy

il

|

iy

A

&0 50 40 30 20 10 [t} -10

T0

200 180 180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

210

13C NMR spectrum ofSw

75



SLIET
mwmmqv
mmmm.—

ELIET—

[£33:43
[30%:582
oL e~
pd

L06kA
S0ECE—
e
i

TE0E—

TEEF'D
BICRD
fats el
FaRY
9L9C9
3000+
STECY
omao.ow

teled
|

(il T
$8CEL

9ELE L~
TEeE LS
[t

—

Y

=908

=2l

3.5

Forz

4.0

FooL |
FaoL

=001

Lol
Fooz

FEOL L
*ZEE

Fare
FE0Z

3.0
£1 ippm)

4.5

5.0

'"H NMR spectrum of 5x

T0LFTT—

OLDEFE—

RI9TEF—

FEES 95—
00 18—

L199°007—
198 ne./.

EEETEEL
£230%E]
wIoLE
SrE0 LE ]
Z0ek LT

thnmmﬂ
4109 mmﬂv‘

COERLET—
106 TF1—

EERE6FT—

£6659LT—

Mmmmm

MLMMW

.MLII‘IIW

IL

(LT um»Jm

LLL.

!

WIMIHNMM

pr—

90

T
100

T T T T T T T T T
180 180 17a 160 150 130 120 110
£1 ippm)

200

210

-10

13C NMR spectrum of5x

76



098T°1
mmom.ﬁv
BIEEL

FLI0E—
TE0F'E
£2RCE

hmmn.m%
TIACE
FENDE

e
6308 L
3L
qhwm.ﬂ.
E5FEE

BrLET—
LETIE—

110597
6159
6190
LiE9'D
£550°0
opazE'g
26789
bETE 3
5P D1
@%G.S‘F
P8TOL-L
TP,
£3TIL
LipTL
99Tt
£0PT L
2097 L
T0EL
€075t
sepee]

———

—_— 0t

- ———— Ry
— Fwz

|h... _\mo.v

—— 10T
— 00l

001
= m&f
] oot
o0k
pEOL
201
CO'L
Lan

4.0

T

4.5

%5 2.0

3.0

£1 ippm)

7.0 6.5

T.5

'"H NMR spectrum of S5y

LEODET—

LODE PE—

691595
e as)
626019
0L
CEITEL—
935894

LMLWW‘

Nluﬂmmilﬂjﬂwl

|

0969 8a—

nnhhhnﬂ
G930 me..V
CIEF 61Ty

i NNJM

RODEETT
CEOTLLT
LLZ0BET-L

wmvnmmﬂ
mwmﬂmmﬂ
TLTE6TT

6668 TF 1—

00FL 8P 1—

LOES9LT—

i MWNMJ

LL

i

-

L

il

&0 50 40 30 20 10 [t} -10

T0

200 180 180 17a 160 150 140 130 120 110 100 a0
£1 ippm)

210

13C NMR spectrum of5y

77



LPET0n
759605
me.a\
TLIET
Nnm._V

TE6E _\

EFE T
2096°T
FOOET
Q8LET

2678°C
£858°C
TEREE
CIFEE
$O0EE-
(24744
ShLSE
£588C
zzeaed

00—

els e
ARFCD
BFOCD
ZL9¢0
£EBCD
I
L6071
02099
FETSD
L5199
21E9°9

SR8
E&@»Xz
BPT0°L
0LT0L
250 L
2POTL
BLIT'L
9pIT L
BERT'L
PODE L
L61E L
6TIEL

|

Bo0g

EgEE

Foos

FE0L

Feoz

| L JLJL

|J B0

a0l
P01
ot

Fooe
M Lol
{

T
4.0

£1 ippm)

4.5

30

S

5.0

5.5

6.0

6.5

T.0

a0

'H NMR spectrum of 5ab

EEFDET~—
LETLET-

FOSF TE—~—
CalarE—

BECT 15—
QTECFI—

162 I0T—
010E £0T
8606 he.V
E0LEIT
909 NNHW/.
SOFDETT
QLERDTT
&R0F mmﬁ./
BCLL mmﬂw
FEIZ6LT !
108621

GECE TR T—

EACL DS T—

ECEE BLT—

mumﬂmwu‘wm

.L

L—

-

mewmm

I

e

e

&0 50 40 30 20 10 [t} -10

T0

200 180 180 17a 160 150 140 130 120 100 a0
£1 ippm)

210

13C NMR spectrum of 5ab

78



L20°E~,
Lp0e~"

saz’L
ERT'L
90€°L
(HASS
SHE'L
FoL’L
ORE'L

A

-

o

co'e
00°e

(=t

g
=50°]
101
Rk
W_,mo.o

1.0

w
el

30

35

40
1 (ppm)

6.0

80

"H NMR spectrum of Sae

0F6'92—
689°TE—

L —

TSL98—
£E0'19—

98801~
G9T°LOT~

AVRTIE

ohm.mmﬂ,/
ER80'ET]

299921
95y L2 1
PLELzl—
£118zl
[8t'82]
oss'sz 14/
b6z L
166°EL

ETLOSL—

0ZELLL—

10

30

40

100 50 20 70 60
£1 (ppm)

110

180 170 160 5 140 130

190

13C NMR spectrum of 5ae

79



PLEL
mmq._Vkm
0sF' 1L

89¢°p
0Lbb,
88p'p
9054
gz pd

8
cxm.mJ/f
L#7'8
09%'8

I

e

L0
-90°C

c0'e
G0k

«
Y

3.0

6.0

6.5

n

8.0

9.0

"H NMR spectrum of 6a

ZSLEl—

HES'lE—
A61LE—

LIS011A
§98°%114
Z8sRlLq
6£0°0Z1
1s6'0z 14
ELL1TIA
01€2Z1)
SOLTT1
196621~

SRE'GTL
FRL9ZL N
BE 1

SSL0PL—

)

)
_—

NEt
4

GFS9S 1 —

W
W
g

N
\

=
g

10

30

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

13C NMR spectrum of 6a

80



W
Fa
8RLEl— -
L e
S0ty €El'lE— =
iy _—— Taoe | n
1571 -
SKSIE— =
L o
o LSLLE— -
A Tooe r Q
&
o
s M7
L
=
- =
- 41 rm
09 p
4 —_— 662 g
85t'b~ CEESu— = R 5
9Ly i =tz [ 2 2
i3
o8& g
s~ 7
24
b = swrol
Z. mmhi;
FLESLI
F& = $S661L
5T8°021
- €8L7121
@ 1sLZEl
086°€T1E
L - 98L'STL—
GN.T/ P 298921
mmm.hv == = Pl bleclop p
LpeL —_— y ~—m 207 | o LRLLEL \J
mom.h\. ey _ - Forg e £O6ZEL P
€0S°L i FOL OFL — Ed
1S BN | - ok YL
- &
E128~ . — [0l &
SOER~, — (0] =
o8/ - F ELE0SL
o
P&
Low
(=)

10

30

40

80 70 60
81

90
f1 (ppm)

100
13C NMR spectrum of 6b

110

160 5 140 130

170




ES0E—

601°L7
Szt
8L
962'L1
SlE'L
LSEL
LEL
s8¢t f
Sop't
oERL
BpL
981t
coge

ZE'8~,
759'87

(=

A

—

FE0E

Feoe
+00°€

ko

¥00'L

20'l
M_D,m
€0'1

Foo'l

i
=]

4.0 3.5 30

5.0 45
1 (ppm)
"H NMR spectrum of 6d

8!
wi

6.0

7.0

v

8.0

9.0

0p0El—

Lr09g!
608 1€ —
RIE'LEN

LT
(85°6117)
£9€7121

080%2 1
LRRSTIAL
IL6'sTl

ssoeel
PELTEL—
268'7EL

9TLIvl—

8LG'9S1—

10

30

40

100 90 80 70 60
f1 (ppm)

110

170 160 5 140 130

180

13C NMR spectrum of 6d

82



10

30

40

70 60

80
11 (ppm)
83

90

100

13C NMR spectrum of 6e

110

=
Fe
0s1E1—
o
~ Ligze—
4!
?EW ey - Lw
09%'1 i rar 1g—
| o 0LL'LE—
[a ]
Wy
8T~ -
L &=
5
i N
s q:.) C(M
s E
$9€° m
96T g o
6t — wg ©
a— * 28 2
& 175)
Wy
raB
Lo
2 152221
_ 8TETTLL
@ ; 616TTL-7 &
g @ ~ ;
o 86671 )
& - -
o z ci__mﬁ\. z WJ\
RN = LPL9zl o\mf.\\ e 5
- - SPOSEl—
= Feo'l sszoel/
T 10T 167 1Pl —
—_— Froz -0
-8
L6505 —
— Feo'l
_ FO0'L |

130

140

160

170



TPl
mmv._\ =
ESFL

cxc.v.,,
99EFL o

9LE
gq.qw e
Zisy

GESF

16F6~, .
LLre

80

Bgoe
s0'E
LT

00°1
H.ﬂmc._

m@.m

Foo't

vy

10

4.0

£ 3.0 435
f1 (ppm)
"H NMR spectrum of 6f

55

6.0

£50°¢l—

E0TLE—
90E"9p—

PLEPSE—

SFEI01~
lewenl—
GISTLL

EN..WZ.V
09611

acv.cﬁk’
FERTLTLAE
GLLSTL

0LL'9T ﬁW
6R6'9Z1 \

LSP'STL
8ZO'SEL—

PERTRL=—

LTSS~
pLEOSL-"

i

u

"

s

10

30

40

S0 80 70 60
f1 (ppm)

100

110

130

140

160

70

13C NMR spectrum of 6f

84



Fooe

Fooe

ch,m

—

8LL'L

00z'L

6¥E'L

99¢°L

SRE LAy

0P L —

6ZF'L-F
FrF'L

%q.h%
062
L
PEER
€568

‘lJu Feoz

— 101

“
i

3.0

40

a5
1 (ppm)
"H NMR spectrum of 6g

5.0

o

wi

6.0

9.0

9rlLel—

OLlie—

990°98—

Al
8LEPLL ﬂ
SLL0ZL

%SQM
GREETL—
506°521 -

SPRPEL~
ggL9gl"

Q98 PS L~
pES'9S 1~

NEt

MeO.

30

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

180 170 160

190

13C NMR spectrum of 6g

85



rEFl
qu._w ————
09%'1

S6EP
6LP P

9GP P-4 e
4854
TESy

8YT'L

S9€°L

€Re'L Q
1oy'L
L9r'L F
88F'L

608°L O
625LA
£

MEL

LOSLAE ~ ==
685'L % —
0ZLtp —_—
GELL

mmi&

peetd

povsy

€15 —

LES'SY

e

F00°E
Froe

002
M::u

00l
H/CC s

Fioz

EpLIE—

23 pseLe—

“
ol

30

40

50 45
1 (ppm)
"H NMR spectrum of 6h

0F6'F
118811
9100714,
9811zl
$92°TT1
Lor'ezl
S00'FZ L
vmw.mSM.
< 10£'9Z 1
8§8L9714
788971
2 £66'L71
068'8T1
£00'pE 1
o 9L0'SEL

LBLOLT
Ll
I

e
Wy

6.0

SLT0FL

9.0

NEL

A Y
)i b

T

W

N

Ph

10

30

40

100 90 80 70 60
f1 (ppm)

110

130

140

170 160

180

13C NMR spectrum of 6h

86



6601
L5e'l e

mhq._\

ooe

oo
(==
o e

SLO'L
201
b€

Fiol
= 00l

NEt
A

wi
]

3.0

2 50
1 (ppm)
'"H NMR spectrum of 6i

55

6.0

GOLEL—

seLle—
6T LE—

ELP'LO j
SLLLOL
6ST 1L

6vs€T 1<
ezl
682zl

L68PEL~
LT LEl—

LREOS L~
ZE0'LS1-
88¢'6517"

80

11 (ppm)

10

30

40

60

70

100 90

110

160 150 140 130

170

13C NMR spectrum of 6i

87



= F S
s i)
=
2 s
!
%2%
_vw.q.—‘ f]l['Jl[’ e Hw:w‘ . H
008°1
s1sd
= LT e~ i
969'66— -
L 0
i
[=1
Moo
. i
o .
&
B
- N m
=
i —=c 1007 [ M:m k3]
o
= &
= = ’ b}
T = Floz |2 DMA
w #1901
[ Z 006°F1 L
1H #RLRIL
= 680002 14|,
[ @ Z6R'0ZL
' 710721
mﬁ.h - [baradl
MMMM [ @ HURTIL
SLA'ETI—
UL .
. s O
e g lezozl !
Mﬂ_m_w = 275 2 P00 zolsEl—
— AN = e i »
mmm.h.‘ —= o zid =N WND; [ LEDGEL \_H\/\J
788L A
88S°L o & H
609°L @ =
8T8
i J
§PPR~L s =yt [« T \/
L0g'8-f == 00'] [ s
szewd
L@
(=)

10

30

40

70 60

80

88

£1 (ppm)

100 90
13C NMR spectrum of 6j

110

150 140 130

160




G960
LBE'0 e -
ot

8EFL e -

806°1
omm._/ B o
mquN

£96° 14

g6y
0L Q%

825 P+ —_— =
opsp/

ZE8'rF -

ommi«

698'F

6LEL

LEE'L

Pog"L

ERE'L

LEF'L

A8

GOF'L

T8F'L s

0§'Lg ~T———

8I§°L

Em.\% “
ZLS'L

T6E'8 AR
£Lb'8 oy o
SLY'R TEes

Sab's

E0'€
=p0'E

ooz

Feoe

Froe

~S0°C
80F

€01
00°L

3.5 30

4.0

55 50
f1 (ppm)

6.0

8.0

g5

10.0

'"H NMR spectrum of 6k

TS~
8el—

LETve—

09Z°LE—

LST9F—

§88°011
8H8'FLL
159811
610°0Z1
Lp80z1
PRSIT1
8LZZT1
661721
196°€71~
LSz
pS0'9z1
061'9717
B60°GE [ —

Fl'0rl—

851951 —

R W A o 1

10

30

40

100 90 80 70 60
f1 (ppm)

110

130

140

160

170

13C NMR spectrum of 6k

&9



SSr'l N

ELpl
Lar'l /

9T5 '+

[
oSy
6LS'F

00z'L
02T L
S
LT
LT L
89€°L1
LBEL
L07L
8L
S LA
LLb LA
26 L
01§L
iw@
ses L]
098°L
por's
FLE'S
PSR
P58

Frie

Fooz

Fioz

£0'E
60T
F0°T
a0t

ool
001

!
]

30

4.0

45

0
£1 (ppm)

s

v

6.0

'H NMR spectrum of 61

Z61El—

PaEE—

STO'LP—

9011
PrGTL
29161l

PToell
GFTTLEL

TLL'TTIA
LRETTL
FER'TT 1
Sa0¥Ll
656'ST1
L9211
FSE'9T 1A
99" 9T |
AN AR
G6E'REL 4
8LTSEL~
SPRBEL~
60F'0FL-"

15
L

T ———

082951 —

n

|

|

|

i

140

NEt
A

|

10

100 90 80 70 60 50 40 30
£1 (ppm)

160 130 110

170

180

13C NMR spectrum of 61

90



60F' P —

"69C—

LITLy
9ETL
1L
6RTL
60" L
STE LA
1bEL
oL
9Le°L]
1862
€9
SOP'S
9ZP'8
news-f
6LY'8

=00

FO0E
00z
90’

o0z

Feoe

wy
2]

30

40

15
£1 (ppm)
"H NMR spectrum of 6m

5.0

9.0

SOL1E—

GFRSP—

299011
0€6'S 111
ZS0'61L
8L6'611
izl
908121
€rTE 1
soszziq
S08ET 1
0L09T 1
9pL9T 1 W

S6E°92 1~
Splizl/r
cewwel
LTOSEL~
048981+
1Z6'0F1—

LBLLST—

10

30

40

100 90 80 70 60
f1 (ppm)

110

130

140

3C NMR spectrum of 6m

91



