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I. General Information

Unless otherwise noted, all chemicals were purchased from commercial suppliers
and used without further purification. '"H NMR. '3C NMR spectra were recorded at
ambient temperature on a 500 MHz (125 MHz for 13C) NMR spectrometer. NMR
experiments are reported in ¢ units, parts per million (ppm), and were referenced to
CDCl; (6 7.26 or 77.0 ppm) as the internal standard. The coupling constants J are
given in Hz. IR spectra were recorded on a spectrometer using KBr discs. Column
chromatography was performed using EM Silica gel 60 (300-400 mesh). High-
resolution mass spectra (HRMS) were obtained using a Bruker micro TOF II focus

spectrometer (ESI). All melting points were uncorrected.
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I1. Synthesis and Reaction

Preparation of the substrates

General procedures for the synthesis of 1

Br
0
Pd-C, Et;SiH
+ H
N @ DCM. 0°C - rt, 24 h @
H A\
Br
N
H

Following a modified procedure,' in an oven dried 50 mL Schlenk tube, 10% Pd-C

(75 mg, 10 mol%), TFA (1.15 mL, 15.0 mmol, 1.50 equiv.) and Et;SiH (2.2 equiv.)
were added to DCM (50 mL) under argon at 0 °C and the mixture was stirred for 10
min. Then a solution of an indole derivative (10.0 mmol, 1.0 equiv.) and the
corresponding 2-bromobenzaldehyde derivative (11.0 mmol, 1.10 equiv.) in DCM (50
mL) was added dropwise to the reaction mixture. After stirring for 4 hours at 0 °C, the
reaction mixture was allowed to warm to room temperature and the stirring was
continued for additional 20 hours. Then the reaction mixture was filtered through
celite and concentrated in a rotary evaporator. The solvent was evaporated, and the

crude mixture was purified by flash column chromatography on silica gel

(hexane/EtOAc, 60:1-30:1) to obtain products 1 (1a-1r).
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General procedures for the synthesis of 1s
o O Br
1) NaOH, H,O/EtOH, 90 °C

H Br 2) p-TSA 10 mol%, Hantzschester, DCM O N\
N
H

1s

According to the literature procedure,” in a 50 mL Schlenk tube, indole (1.0 mmol),

2-bromobenzaldehyde (1.2 mmol) and NaOH (1.0 mmol, 40 mg) were added to
EtOH/H,0 (vy:v,, 1:1, 2.0 mL), and the mixture was stirred at 90 °C for 1 hour. Then

the reaction mixture was filtered through celite and concentrated in a rotary
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evaporator. The solvent was evaporated, the crude product (2-bromophenyl)(1H-
indol-3-yl)methanol was used for the next step without purification.

According to the literature procedure,?® to a stirred solution of the crude product (2-
bromophenyl) (1H-indol-3-yl) methanol (241.0 mg, 0.8 mmol) in DCM (3.0 mL),
Hantzsch esters (253.3 mg, 1.0 mmol) was added. Then p-toluenesulfonic acid
monohydrate (6.9 mg, 0.04 mmol) was added to the mixture and the resultant was
stirred for 4 hours. After the reaction was completed by TLC, the solvent was
removed in vacuum. The residue was purified by flash column chromatography
(petroleum ether/EtOAc = 5:1) on silica gel to afford 3-(2- bromobenzyl)-1H-indole
(1s) as a yellowish oil (212.8 mg, 93%).

General procedure for the synthesis of 2
Br

@ Pd(acac),, PCys, DIPEA
+ COz(CO)g >
1,2-DCE, 100 °C, 24 h
N
H
1

Under air, a 20 mL of Schlenk tube equipped with a stir bar was charged with

indole derivative 1 (0.10 mmol, 1.0 equiv.), Coy(CO)s (0.1 mmol, 1.0 equiv.),
Pd(acac), (10 mol%), PCy; (20 mol%), DIPEA (2.0 equiv.) and toluene (1.0 mL). The
tube was sealed with a Teflon lined cap. The reaction mixture was stirred at 100 °C
for 24 h in oil bath. After the completion of the reaction, 5.0 mL of saturated brines
was added to the mixture, and extracted with ethyl acetate (5 mL x 3). The combined
organic extracts were dried over anhydrous Na,SO,. Subsequently, the solvent was
filtered and evaporated under reduced pressure, and the residue was purified by flash
column chromatography on silica gel with petroleum ether-EtOAc (PE/EA, v/v, 3:1)

as the eluent to give the desired product 2.

General Procedure for the 2.0 mmol scale preparation of 2a
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Br

O Pd(acac),, PCys, DIPEA

+ COZ(CO)B
O N—Me 1,2-DCE, 100 °C, 48 h

N
H

1a, 2.0 mmol 2a, 65%, 321 mg

Under air, a 100 mL of round-bottom flask equipped with a stir bar was charged
with indole derivative 1a (2.0 mmol, 1.0 equiv.), Co,(CO)s (2.0 mmol), Pd(acac), (10
mol%), PCy; (20 mol%), DIPEA (2.0 equiv.) and toluene (20 mL). The tube was
sealed with a Teflon lined cap. The reaction mixture was stirred at 100 °C for 48 h in
oil bath. After the completion of the reaction, 20 mL of saturated brines was added to
the mixture, and extracted with ethyl acetate (15 mL x 3). The combined organic
extracts were dried over anhydrous Na,SO,. Subsequently, the solvent was filtered
and evaporated under reduced pressure, and the residue was purified by flash column
chromatography on silica gel with petroleum ether-EtOAc (PE/EA, v/v, 3:1) gave 2a
in 65% yield as a yellowish solid (321 mg).

General procedure for preparation of thione 3*

Lawesson's reagent (1.0 equiv.)

DCM (2.0 mL), r.t.-35 °C

2q 3,82%

To a solution of compound 2q (0.2 mmol, 1.0 equiv.) in dry DCM (2.0 mL) was
added Lawesson’s reagent (80.9 mg, 0.2 mmol, 1.0 equiv.) under argon and the
mixture was stirred at 35 °C until complete conversion was observed by TLC. Then
the solvent was removed in vacuo, the residue was purified by flash column
chromatography on silica gel (PE/EA = 6:1) to afford the desired product 3 as a
yellowish oil (53.3 mg, 82%).

General procedure for Rh-catalyzed C(sp?)-H bromination of 2q

S6



[Cp*RhCl,], (4 mol%)
PhI(OAc), (1.5 equiv.), NaBr (3.0 equiv.)

CF3COOH (1.5 equiv.)
acetone (4.0 mL), 50 °C, 24 h

2q, 0.2 mmol 4,54%,41.9 mg

To a solution of compound 2t (61.8 mg, 0.2 mmol, 1.0 equiv.) in acetone (4.0 mL)
was added [Cp*RhCL], (4.0 mol%, 5.0 mg), PhI(OAc), (96.6 mg, 0.3 mmol, 1.5
equiv.), NaBr (61.4 mg, 0.6 mmol, 3.0 equiv.) and CF;COOH (1.5 equiv.). The
reaction mixture was then stirred at 50 °C for 24 h. Then, EtOAc¢ (10mL) and H,O (10
mL) were added, the organic layer was dried over Na,SO,, and the solvent was
removed in vacuo. The residue was purified by flash chromatography (PE/EA = 8:1)

to afford the bromination product 4 as a white solid (41.9 mg, 54%).

General procedure for the preparation of hydrazone 5°

MeOH, 36 °C

+  TsNHNH,

To a solution of tosylhydrazide (1.0 equiv.) in MeOH (0.5 M) was added 2a (49.4
mg, 0.2 mmol, 1.0 equiv.). The reaction mixture was stirred at 36 °C until complete
conversion was observed by TLC. Then the solvent was removed in vacuo, the
residue was purified by flash column chromatography on silica gel (PE/EA = 4:1) to
afford the desired product S as a yellowish oil (52.3 mg, 63%).

General procedure for reduction of 2a to spiroindoline 6

NaBH3CN (4.0 equiv.) Q
o
MeOH (2.0 mL), 4 h .

N

H
2a, 0.2 mmol 6, 80%, 39.9 mg, > 20:1 dr

Under argon, to a solution of 2a (49.4 mg, 0.2 mmol, 1.0 equiv.) in MeOH (2.0 mL)
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was added NaBH;CN (50.0 mg, 0.8 mmol, 4.0 equiv.). The reaction mixture was
stirred at 40 °C until complete conversion was observed by TLC (4 h). 10 mL of
saturated brines was added to the mixture, and extracted with ethyl acetate (5 mL x 3).
The combined organic extracts were dried over anhydrous Na,SO,4. Subsequently, the
solvent was filtered and evaporated under reduced pressure, and the residue was
purified by flash column chromatography on silica gel with petroleum ether-EtOAc
(PE/EA, v/v, 4:1) gave 6 in 80% yield as a yellowish oil (39.9 mg).

III. Characterization Data

S8



1a
3-(2-bromobenzyl)-2-methyl-1H-indole (1a)'?
Flash column chromatography on a silica gel (PE/EA, v/v, 60:1) gives 1a (880 mg, 97%
yield) as a yellowish solid: m.p. 76-77 °C; 'H NMR (500 MHz, CDCl3) & 7.80 (s, 1H),
7.61 (dd, J, = 7.8 Hz, J,= 1.5 Hz, 1H), 7.37 (d, /= 7.9 Hz, 1H), 7.31 (d, J = 8.1 Hz,
1H), 7.18-7.14 (m, 1H), 7.13-7.09 (m, 1H), 7.07 (d, J = 7.3 Hz, 1H), 7.06 — 7.03 (m,
1H), 6.98 (dd, J1= 7.5 Hz, J,= 1.9 Hz, 1H), 4.17 (s, 2H), 2.36 (s, 3H). C{'H} NMR
(125 MHz, CDCls) & 140.3, 135.4, 132.5, 132.4, 130.0, 129.0, 127.5, 127.3, 124.6,
121.2, 119.4, 118.5, 110.2, 109.0, 30.5, 11.9. IR (cm'): 3420(N-H), 3180(Ar-H),
1616(Ar C=C), 1402(C-H), 1087(Ar-Br), 933(C-C), 759(C-C), 741(C-C). HRMS(ESI)
m/z: [M+H]" Calcd. for C;¢H;sBrN* 300.0382, Found 300.0391.

13
221205-1-HJL-1080-1 7 (0.063) 1. TOF MS ES+
i 301.0351 1,697
100
299.0360
300.0391
302.0383
%l
303.0406
298.0240
303.3129
2029151 2049174 2062202 ol HﬁU .\L\ (i,  osises HSSOT4 30703 so0.p045 300005 giztgse
282 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313

S9



3-(2-bromo-5-methylbenzyl)-2-methyl-1H-indole (1b)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1b (309 mg, 25%
yield) as a yellow oil; "TH NMR (500 MHz,CDCl3) & 7.83 (s, 1H), 7.46 (d, J = 8.1 Hz,
1H), 7.37 (d, J; =7.9 Hz, 1H), 7.31 (d, J; = 8.0 Hz, 1H), 7.14 (td, J, = 8.1 Hz, J, = 7.6,
J; = 1.2 Hz, 1H), 7.06-7.03 (m, 1H), 6.85 (d, J; = 8.1 Hz, 1H), 6.79 (s, 1H), 4.12 (s,
2H), 2.36 (s, 3H), 2.13 (s, 3H). BC{'H} NMR (125 MHz, CDCl3) § 139.9, 137.2,
135.4, 132.3, 132.2, 130.7, 129.0, 128.3, 121.2, 121.1, 119.4, 118.5, 110.2, 109.2,
30.3, 21.0, 11.9. IR (cm): 3403(N-H), 3180(Ar-H), 1621(Ar C=C), 1402(C-H),
1074(Ar-Br), 858(C-C), 740(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C{;H{7BrN*
314.0539, Found 314.0547.

13
221205-1-HJL-1106-1 20 (0.131) 1: TOF MS ES+
100 314.0547 1.92e7

315.0488 3160543

313.0485

317.0558

312.0393

302'”’32 304.8978 307.9331 309.2045
r r

| Lh i Ll | 318.0598 319.0687351 3150  323.2047 326.0554  328.0647
r T

0-r T T T T T T T T L— T T T T = T T T 1 1 1 T z
302 304 306 308 310 312 314 316 318 320 322 324 326 328
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1c

3-(2-bromo-4-methylbenzyl)-2-methyl-1H-indole (1c¢)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1c¢ (730 mg, 47%
yield) as a yellow oil; '"H NMR (500 MHz, CDCls) 6 7.75 (s, 1H), 7.51-7.47 (m, 1H),
7.42 (dd, J, =79 Hz, J, = 1.1 Hz, 1H), 7.31 (dt, J; = 8.1 Hz, J, = 0.9 Hz, 1H), 7.2 —
7.17 (m, 1H), 7.12-7.08 (m, 1H), 6.94 (dd, J = 7.9 Hz, J, = 1.7 Hz, 1H), 6.89 (d, J =
7.9 Hz, 1H), 4.17 (s, 2H), 2.36 (s, 3H), 2.32 (s, 3H). *C{'H} NMR (125 MHz, CDCls)
0 137.4,137.2, 135.4, 132.9, 132.3, 129.7, 129.0, 128.1, 124.3, 121.1, 119.4, 118.5,
110.2, 109.2, 30.0, 20.6, 11.8. IR (cm™'): 3404(N-H), 3189(Ar-H), 1654(Ar C=C),
1402(C-H), 1083(Ar-Br), 930(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C{7H7BrN*

314.0539, Found 314.0544.
13
221205-1-HJL-1105-1 7 (0.063) 1: TOF MS ES+
06, 314.0544 2.78e7
3150403
313.0493 916.0645
=
317.0855
3120390
B01.1415 304.0396
g 328.0406
302.3050 306.0320 326.0555 329.0422
B e Y O I P T T oY PR Wi 09010 i
" 302 304 306 308 310 312 314 318 318 320 322 324 | 3% 328
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1d

3-(2-bromo-4-methoxybenzyl)-2-methyl-1H-indole (1d)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1d (1.15 g, 87%
yield) as a reddish solid: m.p. 68-69 °C; 'H NMR (500 MHz, CDCls) & 7.76 (s, 1H),
7.41 (d,J=28.0 Hz, 1H), 7.30 (d, J= 8.1 Hz, 1H), 7.24 — 7.16 (m, 2H), 7.12 — 7.08 (m,
1H), 6.91 (d, J = 8.6 Hz, 1H), 6.70 (dd, J; = 8.6 Hz, J, = 2.7 Hz, 1H), 4.14 (s, 2H),
3.78 (s, 3H), 2.35 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) & 158.3, 135.4, 132.4,
132.3, 130.4, 129.0, 124.5, 121.2, 119.4, 118.5, 117.8, 113.5, 110.3, 109.4, 55.6, 29.6,
11.8. IR (cm): 3394(N-H), 3181(Ar-H), 1647(Ar C=C), 1558(C-N), 1487(C-H),
1402(C-H), 1160(C-O-C), 1084(Ar-Br), 929(C-C). HRMS(ESI) m/z: [M+H]* Calcd.
for C7H;BrNO™ 330.0488, Found 330.0486.

13
221205-1-HJL-1102-1 14 (0.100) 1: TOF MS ES+
100 3310436 2.15e7
329.0441
330.0486
3320486
=
28 0%0e 333.0517
3383441
317.0216 3412015

320.0301 323.2267 327.2224 334.0852  336.2227 342.0504 343.0536

olfyOPRT | S267 opadore ST Nl M la e e e N e
318 320 322 324 326 328 330 332 334 336 338 340 342
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3-(2-bromo-5-methoxybenzyl)-2-methyl-1H-indole (1e)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1e (1.44 g, 88%
yield) as a yellow oil; "H NMR (500 MHz, CDCl3) 6 7.80 (s, 1H), 7.50 (dd, J, = 8.7
Hz, J, =4.7 Hz, 1H), 7.39 (t,J = 6.7 Hz, 1H), 7.28 (d, /= 8.1 Hz, 1H), 7.17-7.12 (m,
1H), 7.10-7.02 (m, 1H), 6.65-6.61 (m, 1H), 6.59 — 6.55 (m, 1H), 4.13 (d, J = 4.6 Hz,
2H), 3.61 (d, J= 2.1 Hz, 3H), 2.34 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) 6 159.0,
141.6, 135.4, 132.9, 132.4, 128.9, 121.2, 1194, 118.4, 116.4, 115.1, 112.5, 110.2,
108.9, 55.3, 30.6, 11.8. IR (cm'): 3404(N-H), 3186(Ar-H), 1647(Ar C=C), 1558(C-
N), 1462(C-H), 1402(C-H), 1157(C-O-C), 1084(Ar-Br), 930(C-C), 745(C-C).
HRMS(ESI) m/z: [M+H]* Caled. for C;7H,BrNO* 330.0488, Found 330.0493.

13
221205-1-HJL-1096-1 26 (0.163) 1: TOF MS ES+
o 330.0493 331.0434 1.43e7
302.0487
320.0434
=
A 3383431
328.0346
339.3459
T B0%00471 3213171 gog00 246943 3272250 Ll Ly | 3340545 334.9184 335 5534 | 3403500 2412010
Ol T 923200 PN I e L e 2
318 320 az2 324 326 328 330 332 334 336 338 340 342
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3-(2-bromo-5-fluorobenzyl)-2-methyl-1H-indole (1f)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1f (1.35 g, 80%
yield) as a light pink solid: m.p. 165-166 °C; '"H NMR (500 MHz, CDCl3) & 7.67 (s,
1H), 7.53 (dd, J; = 8.0 Hz, J, = 1.3 Hz, 1H), 7.41 — 7.33 (m, 2H), 7.24 (d, J = 8.0 Hz,
1H), 7.10 (td, J; = 8.0 Hz, J, = 7.6 Hz, J; = 1.2 Hz, 1H), 7.06 — 7.00 (m, 2H), 4.42 (s,
2H), 2.26 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) & 138.2, 136.2, 135.1, 131.8,
131.7, 129.1, 128.6, 128.3, 126.7, 120.8, 119.2, 118.6, 110.2, 107.4, 30.4, 12.2. IR
(cm!): 3436(N-H), 2984(C-H), 1622(Ar C=C), 1454(C-H), 1067(Ar-Cl), 1003(Ar-
Br), 910(C-C), 777(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C;cH;4BrCIN*
333.9993, Found 334.0001.

13

221205-1-HJL-1100-1 10 (0.079) 1: TOF MS ES+
100+ 3360004 3.82e7

334.0001 334.9954

332.9955

336.9959

337.9973

331.9868

339.0004

327.9772 320.0007 331.3411 [B329475) L1 [T N T s O 3400028 3408713 3422079 3432151

327 328 329 330 33 332 333 334 335 336 337 338 339 340 341 342 343 344

3303398
| ra
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3-(2-bromo-5-chlorobenzyl)-2-methyl-1H-indole (1g)

Flash column chromatography on a silica gel (PE/EA, v/v, 60:1) gives 1g (1.03 g, 62%
yield) as a yellowish solid: mp 68-69 °C; 'H NMR (500 MHz, CDCl;) & 7.84 (s, 1H),
7.58 (d,J=8.5 Hz, 1H), 7.48 (d, J= 8.1 Hz, 1H), 7.36 — 7.34 (m, 1H), 7.30 — 7.26 (m,
1H), 7.21 — 7.18 (m, 1H), 7.10 (dd, J; = 8.5 Hz, J, = 2.6 Hz, 1H), 7.05 (d, J = 2.6 Hz,
1H), 4.22 (s, 2H), 2.36 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) & 142.4, 1354,
133.53, 133.49, 132.6, 129.9, 128.7, 127.7, 122.4, 121.4, 119.6, 118.2, 110.4, 108.2,
30.5, 11.9. IR (cm): 3389(N-H), 3169(Ar-H), 1660(Ar C=C), 1458(C-H), 1402(C-H),
1093(Ar-Cl), 1030(Ar-Br), 935(C-C), 816(C-C), 737(C-C). HRMS(ESI) m/z: [M+H]*
Calcd. for Ci¢H4BrCIN* 333.9993, Found 333.9991.

13
221206-1-HJL-1108-1 64 (0.381) 1: TOF MS ES+
- 333.9991 341e4
100
$,
333.8940
333.9445
333.9761 334.2081
334.1681 sy
3341517 3342407 i
334.2745
333.8620 HAEL0 334.1139 343192
WITBY 3337949 ‘ ‘ ‘ ]/ 3344133334 4352
Ll || L1 -
. . : ‘ : . . : ‘ . ; ‘ : .
333,700 333,800 333.900 334.000 334.100 334.200 334300 334.400
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Br
F

N

1h
3-(2-bromo-5-fluorobenzyl)-2-methyl-1H-indole (1h)
Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1h (1.47 g, 93%
yield) as a yellowish soild: m.p. 121-122 °C; 'H NMR (500 MHz, CDCls) & 7.79 (s,
1H), 7.58 (dd, J; = 8.7 Hz, J, = 5.4 Hz, 1H), 7.41 (d, /= 7.9 Hz, 1H), 7.34 (d, J = 8.1
Hz, 1H), 7.24 — 7.20 (m, 1H), 7.15—7.11 (m, 1H), 6.82 (td, J; = 8.2 Hz, J, = 3.1 Hz,
1H), 6.72 (dd, J; = 9.9 Hz, J, = 3.1 Hz, 1H), 4.17 (s, 2H), 2.36 (s, 3H). BC{'H} NMR
(125 MHz, CDCl;) 6 162.3 (d, Jc.r = 244.4 Hz), 142.9 (d, Jcr = 6.9 Hz), 135.5, 133.5
(d, Jor = 8.0 Hz), 132.7, 128.8, 121.4, 119.7, 118.5 (d, Jcr = 2.9 Hz, 1H), 118.3,
117.0 (d, Jer = 23.5 Hz), 114.7 (d, Jcr = 22.6 Hz), 110.5, 108.3, 30.6, 11.8. ’F NMR
(471 MHz, CDCl;) 6 -114.9. IR (cm™): 3388(N-H), 3050(Ar-H), 1610(Ar C=C),
1460(C-H), 1300(C-H), 1174(Ar-F), 1003(Ar-Br), 870(C-C), 815(C-C), 741(C-C).
HRMS(ESI) m/z: [M+H]* Caled. for C;¢H4BrFN* 318.0288, Found 318.0293.

13
221206-1-HIL-1107-1 16 (0.110) 1: TOF MS ES+
3 319.0247 1.78e7
100
317.0254
318.0293
320.0284
g,
321.0306
316.0143

304.9986 300.2037 ‘ [ﬂ 0381 323.
M o o O o B8 | T i i O TR, L T E

306 308 30 312 314 316 318 320 322 | 324 | 32 | 328 | 330 332
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1i
3-(2-bromo-3-chlorobenzyl)-2-methyl-1H-indole (1i)
Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1i (580 mg, 43%
yield) as a yellowish solid: m.p. 69-70 °C; 'H NMR (500 MHz, CDCl;) & 7.85 (s, 1H),
7.32 (d, J = 1.2 Hz, 1H), 7.31 — 7.29 (m, 2H), 7.17 — 7.13 (m, 1H), 7.07 — 7.00 (m,
2H), 6.84 — 6.80 (m, 1H), 4.18 (s, 2H), 2.35 (s, 3H). *C{'H} NMR (125 MHz, CDCl;)
0 143.1, 135.4, 134.9, 132.6, 128.8, 127.9, 127.8, 127.7, 124.5, 121.3, 119.5, 118.3,
110.3, 108.7, 31.8, 11.8. IR (cm): 3401(N-H), 3174(Ar-H), 1654(Ar C=C), 1402(C-
H), 1085(Ar-Cl), 1000(Ar-Br), 930(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for
C16H14BrCIN* 333.9993, Found 333.9996.

13
221205-1-HJL-1109-1 8 (0.068) 1: TOF MS ES+
k 334.9943 2.10e7
100
335.9993
332.9946
333.9996
=l
336.9936
337.9966
330.3391
331.9860
330.0505 3313423 |332.0492 337.0782 338.9004 3403575
N ?761 ‘ 3 g2t I : i L, g |5 |1 ! 3393469 752411990 3429051
328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343
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3-(2-bromo-5-nitrobenzyl)-2-methyl-1H-indole (1j)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1j (1.26 g, 74%
yield) as a yellow solid: m.p. 150-151 °C; 'H NMR (500 MHz, CDC]l5) 6 7.98 (s, 1H),
7.89 (dd, J; = 8.7 Hz, J, = 2.8 Hz, 1H), 7.85 — 7.70 (m, 2H), 7.32 (d, J = 8.2 Hz, 1H),
7.29 (d,J=17.8 Hz, 1H), 7.16 (t,J=7.5 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 4.20 (s, 2H),
2.39 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) & 147.5, 142.8, 135.5, 133.4, 132.7,
131.7, 128.4, 124.6, 122.2, 121.6, 119.7, 117.9, 110.5, 107.4, 30.7, 11.9. IR (cm™):
3389(N-H), 3169(Ar-H), 1654(Ar C=C), 1617(NO,), 1402(C-H), 1085(Ar-Br),
928(C-C), 746(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C;sH4BrN,O," 345.0233,
Found 345.0240.

13
221205-1-HJL-1099-1 16 (0.111) 1: TOF MS ES+
100+ 345.0240 3.63e6
347.0221
346.0173
344.0165
=
348.0254
341.2000 344.8765
341.3048
341.3544 342204 343.0071 343.8929 345.1961 346.8797 | 347.1856 349.0276
0 340“85‘90 ( g s i . |344.3100 M N L : I“ ",349.2726 350\2383 -
341 342 343 344 345 346 347 348 349 350
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1k
3-(2-bromo-4,5-dimethoxybenzyl)-2-methyl-1H-indole (1k)
Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1k (470 mg, 26%
yield) as a yellowish solid: m.p. 134-135 °C; 'H NMR (500 MHz, CDCls) & 7.85 (s,
1H), 7.37 (dd, J, = 7.9 Hz, J, = 1.1 Hz, 1H), 7.28 (d, /= 8.0 Hz, 1H), 7.13 — 7.10 (m,
1H), 7.08 — 7.00 (m, 2H), 6.57 (s, 1H), 4.08 (s, 2H), 3.85 (s, 3H), 3.56 (s, 3H), 2.36 (s,
3H). BC{'H} NMR (125 MHz, CDCl;) & 148.4, 147.8, 135.4, 132.5, 132.1, 128.9,
121.1, 119.4, 118.5, 115.4, 114.1, 113.1, 110.2, 109.4, 56.2, 55.9, 30.0, 11.9. IR (cm-
: 3359(N-H), 3187(Ar-H), 1654(Ar C=C), 1503(C-N), 1402(C-H), 1161(C-O-C),
1084(Ar-Br), 929(C-C). HRMS(ESI) m/z: [M+H]" Caled. for C;sH;9BrNO,*
360.0594, Found 360.0595.

13
221205-1-HJL-1101-1 7 (0.063) 1: TOF MS ES+
100 361.0547 e
350.0557
360.0595
3620585
=
3630616
346.0271 350.8945 358.0455
(63322 349 1859 AR 3559117|| | " 2540641 305 1032358 5000 3928 3721212;74.363% arafssa
e T e e
346 348 350 352 354 356 358 360 362 364 366 368 370 372 374 376
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3-((1-bromonaphthalen-2-yl)methyl)-2-methyl-1H-indole (11)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 11 (860 mg, 70%
yield) as a yellow solid: m.p. 138-139 °C; '"H NMR (500 MHz, CDCls) 6 8.43 (d, J, =

8.6 Hz, 1H), 7.82 — 7.75 (m, 2H), 7.64 — 7.57 (m, 2H), 7.51 — 7.47 (m, 1H), 7.41 (d, J

=7.9 Hz, 1H), 7.31 (d, J= 8.0 Hz, 1H), 7.18 — 7.13 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H),

4.44 (s, 2H), 2.37 (s, 3H). BC{'H} NMR (126 MHz, CDCl3) & 138.7, 135.4, 133.4,

132.6, 132.4, 129.1, 128.1, 127.6, 127.4, 127.32, 127.28, 125.9, 123.7, 121.2, 119.5,

118.5, 110.3, 109.6, 31.5, 11.9. IR (cm™'): 3375(N-H), 3165(Ar-H), 1616(Ar C=C),

1402(C-H), 1084(Ar-Br), 929(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for CyH7BrN*

350.0539, Found 350.0544.
13
221206-1-HJL-1104-1 30 (0.185) 1: TOF MS ES+
100+ 351.0486 7.88¢6
349.0484
350.0544
352.0533
=
353.0567
339.3465
3448775 34,0401 353.2668 356.9116
341.2003 8881 3502424
3403624 " "342.2051 346.8787 : T (.  3oees P
‘ - - , - ‘ : : : ; ‘ ‘ ‘ . ! T r ‘ ; : ,
339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 350 360
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3-(2-bromobenzyl)-2,5-dimethyl-1H-indole (1m)
Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1m (660 mg,
42% yield) as a white solid: m.p. 141-142 °C; '"H NMR (500 MHz, CDCls) 6 7.71 (s,
1H), 7.61 (dd, J; = 7.9 Hz, J, = 1.4 Hz, 1H), 7.21 (d, J = 8.2 Hz, 1H), 7.16 (s, 1H),
7.13 = 7.10 (m, 1H), 7.08 — 7.04 (m, 1H), 6.99 (dd, J, = 8.2 Hz, J, = 1.6 Hz, 1H), 6.97
—6.94 (m, 1H), 4.14 (s, 2H), 2.42 (s, 3H), 2.33 (s, 3H). BC{'H} NMR (125 MHz,
CDCl) o 140.5, 133.7, 132.6, 132.4, 130.0, 129.3, 128.6, 127.42, 127.36, 124.7,
122.7, 118.2, 110.0, 108.5, 30.4, 21.6, 11.9. IR (cm™): 3390(N-H), 3178(Ar-H),
1647(Ar C=C), 1402(C-H), 1085(Ar-Br), 930(C-C), 750(C-C). HRMS(ESI) m/z:
[M+H]* Calcd. for C{7H;7BrN* 314.0539, Found 314.0542.

13
221205-1-HJL-1092-1 18 (0.121) 1: TOF MS ES+
100- 315.0483 161e7
313.0486
314.0542
3160532
=
317.0855
312.0388
302.1451 3079034
| 303.1472 304.8981 \,_309:2041 3102053 Lo Ll i Ji | 31805913188751551 2106 3232014 324.8038  327.2246 328.8084
302 304 306 308 310 312 314 316 318 320 322 324 | 328 | 328
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3-(2-bromobenzyl)-5-methoxy-2-methyl-1H-indole (1n)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1n (270 mg, 16%
yield) as a yellowish solid: m.p. 105-106 °C; 'H NMR (500 MHz, CDCls3) & 7.77 (s,
1H), 7.59 (dd, J, = 7.9 Hz, J, = 1.4 Hz, 1H), 7.18 (dd, J, = 8.6 Hz, J, = 0.6 Hz, 1H),
7.13 = 7.09 (m, 1H), 7.06 — 7.02 (m, 1H), 6.97 (dd, J; = 7.6 Hz, J, = 1.9 Hz, 1H),
6.83-6.76 (m, 2H), 4.12 (s, 2H), 3.78 (s, 3H), 2.33 (s, 3H). BC{'H} NMR (125 MHz,
CDCl,) & 154.0, 140.3, 133.3, 132.5, 130.5, 130.0, 129.4, 127.5, 127.4, 124.6, 110.9,
110.8, 108.9, 100.9, 55.9, 30.5, 11.9. IR (cm'): 3403(N-H), 3180(Ar-H), 1654(Ar
C=C), 1402(C-H), 1160(C-O-C), 1084(Ar-Br), 931(C-C). HRMS(ESI) m/z: [M+H]"
Calcd. for C17H7;BrNO* 330.0488, Found 330.0496.

13

221205-1-HJL-1095-1 17 (0.116) 1: TOF MS ES+
100 330.0496 1.70e7

331.0432 332.0485

329.0428

333.0511

328.0339
320.0288
322‘|0276 323.02908  324.8929 327‘2235|

338.3426
W i | P8 awmzens 3303457 3413081 3430581

0 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343
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3-(2-bromobenzyl)-5-fluoro-2-methyl-1H-indole (10)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1o (320 mg, 20%
yield) as a brown solid: m.p. 115-116 °C; 'H NMR (500 MHz, CDCl3) & 7.84 (s, 1H),
7.58 (dd, J, =7.9 Hz, J, = 1.4 Hz, 1H), 7.21 — 7.18 (m, 1H), 7.13 — 7.10 (m, 1H), 7.06
—7.03 (m, 1H), 6.98 — 6.92 (m, 2H), 6.85 (td, J; = 9.0 Hz, J, = 2.5 Hz, 1H), 4.09 (s,
2H), 2.36 (s, 3H). BC{'H} NMR (125 MHz, CDCl3) 8 157.9 (d, Jcr = 232.8 Hz),
139.9, 134.3, 132.6, 131.8, 129.9, 129.4 (d, Jor = 9.7 Hz), 127.5 (d, Jcr = 28.8 Hz),
124.6, 110.7 (d, Jcr = 9.7 Hz), 109.34 (d, Jcr = 4.2 Hz), 109.26, 109.1, 103.5 (d, Jcr
= 23.5 Hz), 30.5, 12.0. IF NMR (471 MHz, CDCl3) 6 -124.8. IR (cm!): 3421(N-H),
3280(Ar-H), 1647(Ar C=C), 1402(C-H), 1092(Ar-F), 940(C-C). HRMS(ESI) m/z:
[M+H]* Calcd. for CiH4BrFN* 318.0288, Found 318.0293.

13
221205-1-HJL-1094-1 10 (0.079) 1. TOF MS ES+
100+ 319.0246 2.16e7

317.0252

318.0293

320.0284

321.0307

316.0145
317.1877 | 318.1998 319.1908

3132733 314.2786315.0443 3169660 | /| fn‘ i Ll 3220352 3532190  324.8951.325.2338
) " : / . . ) - | ; ;
313 314 315 316 317 318 319 320 321 322 323 324 325

miz
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3-(2-bromobenzyl)-5-chloro-2-methyl-1H-indole (1p)

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1p (940 mg, 56%
yield) as a yellowish solid: m.p. 137-138 °C; 'H NMR (500 MHz, CDCls) & 7.87 (s,
1H), 7.59 (dd, J, = 7.9 Hz, J, = 1.4 Hz, 1H), 7.29 (d, /= 2.0 Hz, 1H), 7.20 (d, /= 8.4
Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.08 — 7.03 (m, 2H), 6.91 (dd, J, = 7.7 Hz, J, = 1.8
Hz, 1H), 4.09 (s, 2H), 2.34 (s, 3H). 3C{'H} NMR (125 MHz, CDCl;) & 139.8, 134.0,
133.7, 132.6, 130.1, 129.8, 127.6, 127.4, 125.1, 124.6, 121.4, 117.9, 111.2, 108.9,
30.3, 11.9. IR (cm): 3415(N-H), 3169(Ar-H), 1654(Ar C=C), 1467(C-H), 1402(C-H),
1085(Ar-Cl), 1000(Ar-Br), 930(C-C), 801(C-C), 754(C-C). HRMS(ESI) m/z: [M+H]*
Calcd. for C¢H4BrCIN™ 333.9993, Found 333.9988.

13
221206-1-HJL-1093-1 10 (0.079) 1: TOF MS ES+
i 3349939 1.76e7
100
332.9938
3369980
333.9988
=
335.9920
337.9949
330.3374 3319846 51691 338.3424
331 3401 3322018 001809 | 334.1656 Ko 338.9985
0288949 320.0030 : & - AL il 7 [, 340.0009 2021
329 330 331 332 333 334 335 336 337 338 339 340 341
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3-(2-bromobenzyl)-2-phenyl-1H-indole (1q)'

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1q (1.20 g, 67%

yield) as a yellow oil; "H NMR (500 MHz, CDCl;) 6 8.19 (s, 1H), 7.64 (dd, J, = 7.7

Hz, J,= 1.7 Hz, 1H), 7.48 — 7.45 (m, 3H), 7.44 — 7.35 (m, 4H), 7.27 — 7.23 (m, 1H),

7.09 (m, 3H), 7.03 (dd, J; = 7.3 Hz, J, = 2.2 Hz, 1H), 4.34 (s, 2H). BC{'H} NMR

(125 MHz, CDCly) 6 140.3, 136.1, 135.9, 132.7, 132.5, 129.9, 129.5, 129.0, 127.9,

127.64, 127.57, 127.5, 124.7, 122.6, 120.0, 119.5, 110.88, 110.87, 109.9, 31.1. IR

(emr): 3426(N-H), 1614(Ar C=C), 1489(C-H), 1457(C-H), 1002(Ar-Br), 744(C-C),

692(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C,H;7BrN* 362.0539, Found

362.0548.

13
221205-1-HJL-1084-1 13 (0.095)
100

354.2710

360.0395

361.0496

362.0545

363.

0496

364.0536

365.

0565

366 ‘0595 366.8658

360.2413

1: TOF MS ES+
2.64e7

355.2738
355 356

356 ?”2 358.3691
T

354 357 358 359

360

' L,
361

362

! Ll
363

366 367 368

369

370

371.1029.
1929972 1045,
371 372
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3-(2-bromobenzyl)-2-(4-fluorophenyl)-1H-indole (1r)!

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1r (865 mg, 46%
yield) as a yellow solid: m.p. 116-117 °C; 'H NMR (500 MHz, CDC]l5) 6 8.14 (s, 1H),
7.62 (dd, J; = 7.6 Hz, J, = 1.6 Hz, 1H), 7.41 (m, 4H), 7.24 (m, 1H), 7.14 — 7.05 (m,
5H), 6.99 (dd, J; = 7.3 Hz, J, = 2.1 Hz, 1H), 4.27 (s, 2H). BC{'H} NMR (125 MHz,
CDCly) 6 163.5, 161.5, 140.1, 136.0, 135.0, 132.6, 129.8, 129.43, 129.39, 129.36,
128.8 (d, Jcr=3.4 Hz), 127.6, 127.5, 124.7, 122.7, 120.1, 119.5, 116.1 (d, Jcr = 21.6
Hz), 110.9, 110.0, 31.0. 'F NMR (471 MHz, CDCl;) 8 -113.4. IR (cm™"): 3464(N-H),
3063(Ar-H), 2985(C-H), 1613(Ar C=C), 1441(C-H), 1398(C-H), 1215(Ar-F),
1024(Ar-Br), 839(C-C), 745(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C,;H;¢BrFN*

380.0445, Found 380.0446.

13

221205-1-HJL-1090-1 11 (0.084)
1004

372.0042 373.8956 3743641

a76 3019 3769028

379.0426

378.0308

380

381

446

Ly

0419

382.0437

383.0461

384, ?496

386.3991

388.3551 256.9008

1: TOF MS ES+
2.58e7

miz
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3-(2-bromobenzyl)-1H-indole (1s)?

Flash column chromatography on a silica gel (PE/EA, v/v, 30:1) gives 1p (266.3 mg,

93% yield) as a faint yellow oil; "TH NMR (500 MHz, CDCls) 6 7.99 (s, 1H), 7.57 (dd,

J;=154,J,="7.8 Hz, 2H), 7.38 (d, /= 8.2 Hz, 1H), 7.23 — 7.16 (m, 3H), 7.13 — 7.05

(m, 2H), 6.98 — 6.92 (m, 1H), 4.23 (s, 2H). *C{'H} NMR (125 MHz, CDCl;) & 140.4,

136.4, 132.7, 130.6, 127.6, 127.43, 127.39, 124.6, 122.8, 122.1, 119.5, 119.2, 114.1,

111.1, 31.9. IR (em™): 3416(N-H), 3057(C=CH), 1592(C=C), 1441(C-H), 1107(C-N),

1044(Ar-Br), 740(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C;sH;;BrN* 286.0226;

Found 286.0229.

11

100+

o

230621-2-HJL-2111 21 (0.246) 1: TOF MS ES+
409
283.1808
285.0160
283.0500 250201
288.0233
2811229 287 1482 |ogo gosn 283,074 2843395
287.0063| 291.1564
\ I ‘ 1 rmﬂ 285.7802 ” 2882227 289 |2533 ],291.2015
‘ T | || I T | 1 i || ( T T miz
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3-((4-bromothiophen-3-yl)methyl)-2-methyl-1H-indole (1t)

Flash column chromatography on a silica gel (PE/EA, v/v, 60:1) gives 1t (320.3 mg,

87% yield) as a yellow oil; '"H NMR (500 MHz, CDCls) & 7.76 (s, 1H), 7.44 (d, J =

7.8 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 7.09 — 7.03 (m, 2H),

6.62 (d, J=5.7 Hz, 1H), 4.00 — 3.94 (m, 2H), 2.39 (s, 3H). 3C{'H} NMR (125 MHz,

CDCl;) 6 141.1, 135.2, 131.6, 128.8, 128.6, 125.1, 121.2, 119.4, 118.3, 110.2, 109.7,

108.3, 24.4, 11.9. IR (emr'): 3389(N-H), 3169(C-H), 1654(Ar C=C), 1402(C-H),

1085(Ar-Br), 928(C-C), 746(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C;4H,;BrNS*

305.9947, Found 305.9948.

9
230820-8-HJL-2169 8 (0.094)

100 305.9948

304.9878

308.9961
1411138 ~ 226.0693

o
50 100 150 200 250 300 350 400

100.0755 227.0765 415.2129 1360447

610.9675

608.9688

555.3214
440.2012

450 500 550 600

612.9656

613.9687
614.9673
650

700

738.0236 167-9857 827.1802

750

800 850

928.9363

900

1: TOF MS ES+
7.06e5

979.1567

z
950 1000
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2a
2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2a)
Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2a (19.8 mg, 80%
yield) as a yellow solid: m.p. 149-150 °C; 'H NMR (500 MHz, CDCl;) & 7.85 (d, J =
7.7 Hz, 1H), 7.74 (t, J= 1.5, 1H), 7.66 — 7.59 (m, 2H), 7.52 — 7.44 (m, 1H), 7.35 (td,
J;=7.6 Hz, J,=1.2 Hz, 1H), 7.13 (td, J; = 7.5 Hz, J, = 1.1 Hz, 1H), 7.00 (d, /= 7.5
Hz, 1H), 3.62 (d, J = 17.7 Hz, 1H), 3.49 (d, J = 17.7 Hz, 1H), 2.16 (s, 3H). BC{'H}
NMR (125 MHz, CDCls) 6 200.3, 179.3, 156.4, 152.7, 140.6, 136.4, 135.8, 128.7,
128.2, 126.9, 125.8, 125.4, 121.1, 120.3, 72.4, 35.2, 16.4. IR (cm'): 2986(C-H),
1663(C=0), 1614(C=N), 1614(Ar C=C), 1441(C-H), 1174(C-N), 776(C-C).
HRMS(ESI) m/z: [M+H]* Caled. for C;;H;4NO* 248.1070, Found 248.1076.

5

221205-1-HWM-1008-1 28 (0.173) 1: TOF MS ES+
100+ 248.1076 7.066
270.0896
=
249.1105
271.0927
230.889 2330835 247.9295 250.1135

230.1257 2450779 : 255.9441 261.1306 272.0959 279.0924
ol LNy | aomszsogesr 2sorey N | (L S .. B s i

230 235 240 245 250 255 260 265 270 275 280
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2b

2',5-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2b)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2b (19.6 mg, 75%
yield) as a yellow solid: m.p. 126-127 °C; '"H NMR (500 MHz, CDC]l;) 'H NMR (500
MHz, Chloroform-d) 6 7.73 (d, J= 7.8 Hz, 1H), 7.59 (d, J= 7.7 Hz, 1H), 7.44 (s, 1H),
7.36 — 7.28 (m, 2H), 7.12 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 7.3 Hz, 1H), 3.56 (d, J =
17.6 Hz, 1H), 3.43 (d, J = 17.6 Hz, 1H), 2.52 (s, 3H), 2.15 (s, 3H). BC{'H} NMR
(125 MHz, CDCls) & 199.7, 179.6, 156.4, 153.3, 147.4, 140.8, 134.2, 129.6, 128.6,
127.3, 125.8, 125.3, 121.1, 120.3, 72.6, 35.1, 22.2, 16.4. IR (cm): 2983(C-H),
1705(C=0), 1613(Ar C=C), 1613(C=N), 1440(C-H), 1174(C-N), 775(C-C).
HRMS(ESI) m/z: [M+H]* Calcd. for C;gH;(NO* 262.1226, Found 262.1234.

5
221205-1-HWM-1014-3 32 (0.202) 1: TOF MS ES+
o 262.1234 5.53¢6

=

288.9231
284.1054
263.1264
282.9059
285.1086
245.0802 247.0092 255 0441 2611289 T armo1rs 277,065 000 200274 2262190 006778
0 u“‘quzja‘luss_llll‘.d - i R e SN I A SR ‘428615996 I(L [N T U IR M
245 250 255 260 265 270 275 280 285 290 295 300
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2c

2',6-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2¢)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2¢ (20.4 mg, 78%
yield) as a yellow solid: m.p. 148-149 °C; 'H NMR (500 MHz, CDCl5) 6 7.62 (s, 1H),
7.58 (d,J=7.8 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.34 — 7.30 (m, 1H), 7.11 (t, J = 7.5 Hz,
1H), 6.98 (d, J = 7.4 Hz, 1H), 3.54 (d, J = 17.5 Hz, 1H), 3.42 (d, J = 17.5 Hz, 1H),
2.45 (s, 3H), 2.14 (s, 3H). BC{'H} NMR (125 MHz, CDCl3) & 200.4, 179.5, 156.4,
150.2, 140.8, 138.4, 137.1, 136.6, 128.6, 126.6, 125.8, 125.3, 121.1, 120.2, 72.8, 34.9,
21.1,16.4. IR (cm™"): 2986(C-H), 1689(C=0), 1613(Ar C=C), 1558(C=N), 1441(C-H),
1174(C-N), 1007(C-C), 800(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for CigH;{NO*

262.1226, Found 262.1235.

5
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2d

6-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2d)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2d (22.7 mg, 82%
yield) as a yellow solid: m.p. 183-184 °C; 'H NMR (500 MHz, CDCl;) & 7.58 (d, J =

7.7 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.35 — 7.30 (m, 2H), 7.25 (d, J = 2.5 Hz, 1H),

7.12 (t, J="1.5 Hz, 1H), 7.00 (d, J = 7.4 Hz, 1H), 3.85 (s, 3H), 3.51 (d, J = 17.3 Hz,

1H), 3.39 (d, J = 17.3 Hz, 1H), 2.14 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) &

200.3, 179.4, 160.1, 156.4, 145.6, 140.7, 137.7, 128.7, 127.6, 125.8, 125.3, 121.1,

120.3, 106.4, 73.2, 55.7, 34.5, 16.4. IR (cm™"): 2922(C-H), 1703(C=0), 1613(Ar C=C),
1580(C=N), 1434(C-H), 1172(C-N), 1024(C-O-C), 847(C-C), 779(C-C). HRMS(ESI)

m/z: [M+H]" Calcd. for C;gH;(NO,* 278.1176, Found 278.1184.

5
221205-1-HWM-1014-2 32 (0.202) 1: TOF MS ES+
3 278 1184 6.52e6
100
300.1002
=
288.9226
301.1409
2791204
282.9058
316.0745
3021445
206.2198 307.9326
246.9450 2550449 261.9093 Fmsg?o 317.1161
289.9262 320.8086
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2e

5-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2¢)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2e (22.2 mg, 80%
yield) as a yellow oil; "H NMR (500 MHz, CDCl3) 8 7.77 (d, J= 8.5 Hz, 1H), 7.59 (d,

J=17.7Hz, 1H), 7.34 (td, J, = 7.6 Hz, J, = 1.2 Hz, 1H), 7.13 (t, /= 7.5 Hz, 1H), 7.05

(s, 1H), 7.03 — 6.99 (m, 2H), 3.95 (s, 3H), 3.55 (d, /= 17.6 Hz, 1H), 3.43 (d, /= 17.6

Hz, 1H), 2.16 (s, 3H). *C{'H} NMR (125 MHz, CDCl3) 4 198.3, 179.7, 166.2, 156.3,

155.9, 140.9, 129.6, 128.6, 127.1, 125.8, 121.1, 120.2, 116.3, 110.1, 72.7, 55.9, 35.2,

16.3. IR (cm): 2987(C-H), 1705(C=0), 1613(Ar C=C), 1613(C=N), 1441(C-H),

1174(C-N), 1003(C-O-C), 780(C-C). HRMS(ESI) m/z: [M+H]" Caled. for

CisH16NO," 278.1176, Found 278.1186.

5
221205-1-HWM-1009-4 33 (0.207) 1: TOF MS ES+
100 278.1186 9.01e6
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245.0770247.9200 255 9445 261.9090 266.0983 2719173 296.2200 ( i 1317‘0758 3248037 332.2016
P SN L M R i cu e i i el Y 1SN AN IO [ I Y bt ‘ e

235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330

S33



2f

4-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2f)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2f (13.8 mg, 49%
yield) as a yellowish solid: m.p. 101-102 °C; '"H NMR (500 MHz, CDCls) 6 7.76-7.73
(m, 2H), 7.61 (d, J= 7.8 Hz, 1 H), 7.48 (t,J= 7.7 Hz, 1H), 7.36 (dt, J;, = 7.7 Hz, J, =
1.2 Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H), 7.0 (d, J = 7.5 Hz, 1H), 3.59 (d, J = 18.3 Hz,
1H), 3.48 (d, J = 18.3 Hz, 1H), 2.17 (s, 3H). C{'H} NMR (125 MHz, CDCl;) &
199.4, 178.6, 156.3, 150.3, 140.2, 138.2, 135.4, 133.2, 129.9, 128.9, 126.0, 123.6,
121.1, 120.4, 72.1, 34.1, 16.4. IR (cm!): 2986(Ar-H), 1655(C=0), 1614(C=N),
1614(Ar C=C), 1441(C-H), 1051(C-Cl), 788(C-C). HRMS(ESI) m/z: [M+H]" Calcd.
for C{7H3CINO* 282.0680, Found 282.0686.

5
221205-1-HWIM-1008-2 26 (0.162) 1: TOF MS ES+
3 2820686 7.82¢6
100
=
284.0659
288.9225
283.0714
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29

6-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2g)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2g (15.7 mg, 56%

yield) as a yellowish solid: m.p. 142-143 °C; '"H NMR (500 MHz, CDCl3) 6 7.76 (d, J

= 8.2Hz, 1H), 7.64 (s, 1H), 7.59 (d, J = Hz, 1H), 7.48-7.46 (m, 1H), 7.34 (dt, J, = 7.6

Hz, J, = 1.2 Hz, 1H), 7.12 (dt, J; = 8.7 Hz, J, = 1.1 Hz, 1H), 6.98 (d, J = 7.4 Hz, 1H),

3.57 (d, J=17.9 Hz, 1H), 3.45 (d, J= 17.9 Hz, 1H), 2.15 (s, 3H). BC{'H} NMR (125

MHz, CDCl;) 6198.8, 178.7, 156.3, 154.1, 142.5, 140.2, 134.8, 129.1, 128.8, 127.1,

126.3, 125.9, 121.0, 120.3, 72.3, 34.8, 16.3. IR (cm'): 2987(Ar-H), 1655(C=0),

1615(C=N), 1615(Ar C=C), 1439(C-H), 1067(C-Cl), 744(C-C). HRMS(ESI) m/z:

[M+H]" Caled. for C;7H;3CINO* 282.0680, Found 282.0689.

5
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2h

5-fluoro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2h)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2h (11.9 mg, 45%
yield) as a yellow solid: m.p. 138-139 °C; 'H NMR (500 MHz, CDCl;) 6 7.84 (dd, J;
=8.5 Hz, J,=5.2 Hz, 1H), 7.59 (d, /= 7.8 Hz, 1H), 7.36 — 7.29 (m, 2H), 7.19 (t, J =
8.6 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 7.5 Hz, 1H), 3.58 (d, /= 17.9 Hz,
1H), 3.45 (d, J = 17.9 Hz, 1H), 2.15 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) &
198.4, 178.9, 167.7 (d, Jcr = 257.3 Hz), 156.3, 155.7 (d, Jcr = 10.2 Hz), 140.4, 132.8,
128.8, 127.7 (d, Jcr = 10.7 Hz), 125.9, 121.0, 120.4, 116.8 (d, Jcr = 23.7 Hz), 113.7
(d, Jer = 22.6 Hz), 72.5, 35.0 (d, Jo.r = 2.3 Hz), 16.4. °F NMR (471 MHz, CDCl;) &
-100.3. IR (cm): 2981(C-H), 1708(C=0), 1614(C=N), 1592(Ar C=C), 1454(C-H),
1250(C-F), 1174(C-N), 774(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C7H;FNO*
266.0976, Found 266.0985.

5
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2i

7-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2i)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2i (9.8 mg, 35%
yield) as a yellow oil; '"H NMR (500 MHz, CDCls) & 7.64-7.52 (m, 3H), 7.44 (d, J =
7.6 Hz, 1H), 7.34 (dt, J, = 7.7 Hz, J, = 1.3 Hz, 1H), 7.12 (t, /= 7.6 Hz, 1H), 6.98 (d, J
= 7.4 Hz, 1H), 3.58 (d, J = 17.7 Hz, 1H), 3.42 (d, J = 17.7 Hz, 1H), 2.18 (s, 3H).
BC{H} NMR (125 MHz, CDCl;) & 196.8, 178.8, 156.2, 154.8, 140.4, 135.9, 133.4,
132.4, 129.9, 128.8, 125.8, 125.2, 121.0, 120.3, 72.7, 34.4, 16.5. IR (cm™):
2974(Ar-H), 1655(C=0), 1604(C=N), 1604(Ar C=C), 1452(C-H), 1050(C-Cl),
776(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C7H;;CINO* 282.0680, Found

5
221205-1-HWM-1014-4 23 (0.146) 1: TOF MS ES+
3 282.0683 S
100
=
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2

2'-methyl-5-nitrospiro[indene-2,3'-indol]-1(3H)-one (2j)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2j (12.8 mg, 44%
yield) as a yellowish solid: mp 182-183 °C; 'H NMR (500 MHz, CDCls) 6 8.51 (s,
1H), 8.36-8.33 (m, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.39-7.36
(m, 1H), 7.15 (t,J=7.15 Hz, 1H), 6.97 (d, /= 7.4 Hz, 1H), 3.59 (d, J = 18.0 Hz, 1H),
3.72 (d, J = 18.0 Hz, 1H), 2.17 (s, 3H). *C{'H} NMR (125 MHz, CDCl;) & 198.8,
177.9, 156.2, 153.4, 152.4, 140.3, 139.7, 129.2, 126.3, 126.1, 123.7, 122.3, 120.9,
120.6, 72.6, 35.0, 16.5. IR (cm™): 2986(Ar-H), 1655(C=0), 1614(C=N), 1614(Ar
C=C), 1491(Ar C-NO,), 1352(Ar C-NO,), 1441(C-H), 1174(C-N), 788(C-C).
HRMS(ESI) m/z: [M+H]* Caled. for C;7H3N,05% 293.0921, Found 293.0929.

5
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5,6-dimethoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2k)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2k (25.5 mg, 83%
yield) as a yellow oil; '"H NMR (500 MHz, CDCls) 6 7.60 (d, J= 7.8 Hz, 1H), 7.34 (dt,
J1=7.6 Hz, J, = 1.3 Hz, 1H), 7.24 (s, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.04-7.02 (m, 2H),
4.04 (s, 3H), 3.94 (s, 3H), 3.51 (d, J=17.5 Hz, 1H), 3.40 (d, J=17.5 Hz, 1H), 2.15 (s,
3H). BC{'H} NMR (125 MHz, CDCl;) & 198.6, 179.7, 156.4, 156.3, 150.1, 148.2,
140.7, 129.3, 128.6, 125.8, 121.1, 120.2, 107.5, 105.5, 72.7, 56.4, 56.2, 34.9, 16.2. IR
(cm™): 2988(C-H), 1675(C=0), 1613(Ar C=C), 1613(C=N), 1441(C-H), 1174(C-N),
1003(C-0-C), 787(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C;oH;sNO;* 308.1281,
Found 308.1286.

5
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2|

2'-methylspiro[cyclopenta[a]naphthalene-2,3'-indol]-1(3H)-one (21)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 21 (23.4 mg, 79%
yield) as a yellow oil; "TH NMR (500 MHz, CDCl3) & 9.02 (d, J= 8.3 Hz, 1H), 8.20 (d.
J=28.4Hz, 1H), 798 (d, J= 8.2 Hz, 1H), 7.71-7.41 (m, 4H), 7.36 (dt, J, = 7.8 Hz, J,
= 1.3 Hz, 1H), 7.13 (t, J=7.5 Hz, 1H), 7.03 (d, /= 7.4 Hz, 1H), 3.71 (d, J = 18.1 Hz,
1H), 3.59 (d, J = 18.0 Hz, 1H), 2.19 (s, 3H) BC{!H} NMR (125 MHz, CDCl;) &
200.2, 179.5, 156.5, 156.4, 140.6, 137.0, 133.0, 130.8, 129.8, 129.6, 128.6, 128.3,
127.3, 125.8, 124.0, 123.7, 121.0, 120.2, 72.8, 35.4, 16.3. IR (cm): 2986(C-H),
1689(C=0), 1622(Ar C=C), 1613(C=N), 1454(C-H), 1174(C-N), 774(C-C).
HRMS(ESI) m/z: [M+H]* Caled. for C,;H;(NO* 298.1226, Found 298.1234.

5
221205-1-HWM-1008-4 43 (0.261) 1: TOF MS ES+
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2m
2',5'-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2m)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2m (21.1 mg, 81%
yield) as a yellow oil; '"H NMR (500 MHz, CDCl3) 8 7.85 (d, J= 7.7 Hz, 1H), 7.74 (4,
J=17.5Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.52 — 7.46 (m, 2H), 7.14 (d, J = 7.9 Hz,
1H), 6.80 (s, 1H), 3.60 (d, J = 17.6 Hz, 1H), 3.47 (d, J = 17.6 Hz, 1H), 2.28 (s, 3H),
2.13 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) 8 200.7, 178.3, 154.2, 152.8, 140.8,
136.5, 135.78, 135.76, 129.3, 128.3, 126.9, 125.4, 121.9, 119.8, 72.3, 35.3, 21.3, 16.4.
IR (cm): 2988(C-H), 1662(C=0), 1613(C=N), 1613(Ar C=C), 1441(C-H), 1174(C-
N), 788(C-C). HRMS(ESI) m/z: [M+H]" Calcd. for C;gH;({NO" 262.1226, Found

5
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2n

5'-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2n)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2n (22.2 mg, 80%
yield) as a yellow oil; '"H NMR (500 MHz, CDCl3) 6 7.82 (d, /= 7.8 Hz, 1H), 7.74 —
7.69 (m, 1H), 7.63 (d, /= 7.7 Hz, 1H), 7.50 — 7.45 (m, 2H), 6.84 (dd, J; = 8.5 Hz, J, =
2.6 Hz, 1H), 6.54 (d, J = 2.4 Hz, 1H), 3.70 (s, 3H), 3.59 (d, J = 17.6 Hz, 1H), 3.44 (d,
J =17.6 Hz, 1H), 2.10 (s, 3H). 3C{'H} NMR (125 MHz, CDCl;) & 200.4, 177.1,
158.4, 152.8, 150.0, 142.1, 136.4, 135.8, 128.3, 127.0, 125.4, 120.5, 113.3, 108.0,
72.5,55.7,35.5, 16.3. IR (cm™): 2986(C-H), 1670(C=0), 1613(C=N), 1613(Ar C=C),
1441(C-H), 1174(C-N), 1067(C-O-C), 786(C-C). HRMS(ESI) m/z: [M+H]* Calcd.
for CigH;sNO,* 278.1176, Found 278.1183.

5
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20

5'-fluoro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (20)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 20 (20.1 mg, 76%
yield) as a yellow solid: m.p. 151-152 °C; 'H NMR (500 MHz, CDCl;) & 7.87 (d, J =
7.8 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.57 — 7.51 (m, 2H),
7.05 (td, J; = 8.9 Hz, J, = 2.5 Hz, 1H), 6.74 (dd, J; = 7.8 Hz, J, = 2.5 Hz, 1H), 3.65 (d,
J=17.6 Hz, 1H), 3.50 (d, J = 17.6 Hz, 1H), 2.16 (s, 3H). 3C{'H} NMR (125 MHz,
CDCl,) 6 199.6, 179.2, 161.3 (d, Jcr = 243.5 Hz), 152.5, 152.4, 142.2 (d, Jcr = 9.0
Hz), 136.2, 136.0, 128.5, 127.0, 125.6, 121.0 (d, Jcr = 8.8 Hz), 115.2 (d, Jor = 23.4
Hz), 109.1 (d, Jcr = 24.8 Hz), 72.8 (d, Jcr = 2.4 Hz), 35.1, 16.4. °F NMR (471 MHz,
CDCl3) 6 -116.2. IR (cm!): 2987(C-H), 1685(C=0), 1614(C=N), 1614(Ar C=C),
1440(C-H), 1174(C-F), 800(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C7H;FNO*

266.0976, Found 266.0982.
5
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2p

5'-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2p)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2p (21.9 mg, 78%

yield) as a yellow solid: m.p. 97-98 °C; '"H NMR (500 MHz, CDCl;) & 7.85 (d, J = 7.7

Hz, 1H), 7.75 (t, J = 7.5 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.51 (dd, J; = 8.1 Hz, J, =

5.5 Hz, 2H), 7.31 (dd, J, = 8.3 Hz, J, = 2.1 Hz, 1H), 6.97 (d, J= 2.1 Hz, 1H), 3.62 (d,

J=17.7 Hz, 1H), 3.48 (d, J = 17.6 Hz, 1H), 2.15 (s, 3H). *C{'H} NMR (125 MHz,

CDCl3) o 1994, 179.9, 155.0, 152.5, 142.3, 136.13, 136.08, 131.5, 128.8, 128.5,

127.0, 125.6, 121.7, 121.1, 72.6, 35.1, 16.4. IR (cm!): 2976(C-H), 1714(C=0),

1608(Ar C=C), 1558(C=N),

1454(C-H),

1174(C-N), 1050(C-Cl), 786(C-C).

HRMS(ESI) m/z: [M+H]* Calcd. for C;sH;,CINO* 282.0680, Found 282.0691.

5

100

o

221206-1-HWM-1008-3 30 (0.184) —
282.0691 S
304.0512
284.0665
288.9231
301.1418| 306.0484
247.0988 206.2201 01076: 307.0509 320326222 -
245.07775 255.9447 261.9092 264 0584 2790926 J : .
rosatdail e T IHLJ’fuL ST o 3 1 1 IO ﬂ - J L[| protserizies) o s
240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335
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2q

2'-phenylspiro[indene-2,3'-indol]-1(3H)-one (2q)'

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2q (18.5 mg, 60%
yield) as a yellowish solid: m.p. 181-182 °C; 'H NMR (500 MHz, CDCls) 6 7.96 (d, J

= 7.7 Hz, 1H), 7.81-7.76 (m, 2H), 7.69-7.66 (m, 3H), 7.57 (t, J = 7.8 Hz, 1H), 7.43-

7.33 (m, 4H), 7.13 (dt, J; = 7.5 Hz, J, = 1.1 Hz, 1H), 6.91 (d, J= 7.4 Hz, 1H), 3.84 (d,

J =177 Hz, 1H), 3.51 (d, J = 17.7 Hz, 1H). BC{'H} NMR (125 MHz, CDCl;) &

200.2, 177.2, 155.8, 152.5, 142.0, 136.4, 135.8 (2C), 131.7, 131.1, 128.9 (2C), 128.8,

128.4, 127.9, 127.3, 126.3, 125.9, 121.3, 120.1, 70.5, 37.6. IR (cm): 2987(C-H),

1675(C=0), 1613(Ar C=C), 1613(C=N), 1441(C-H), 1174(C-N), 900(C-C), 799(C-C).

HRMS(ESI) m/z: [M+H]* Calcd. for C,,H;sNO* 310.1226, Found 310.1232.

5
221205-1-HWM-1015-2 47 (0.283) 1: TOF MS ES+
100 310.1232 1.58e6

=

3111265
307.9326
304.8978
305.9076 317.1185
303.1479 309.2039 — 315.1547 315.9170
306,8036.307.2246 | 308.9329, | 310.2105 1926 343 4778 315_12111‘ ( 316.1990
0 Jl bl Lo Nl L 1 e m l -l | L | -
T T T Y 1 3 T T T T T T T T T rd
304 305 3086 307 308 309 310 311 312 313 314 315 316 317
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2'-(4-fluorophenyl)spiro[indene-2,3'-indol]-1(3H)-one (2r)!

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 2r (18.6 mg, 57%
yield) as a yellow solid: m.p. 138-139 °C; 'H NMR (500 MHz, CDCl;) & 7.95 (d, J =

7.7 Hz, 1H), 7.81-7.56 (m, 5H), 7.57 (t, J= 7.3 Hz, 1H), 7.39 (dt, J/; = 7.8 Hz, J, = 1.2

Hz, 1H), 7.13 (dt, J; = 7.5 Hz, J, = 1.1 Hz, 1H), 7.05-7.02 (m, 2H), 6.91 (d, J = 7.3

Hz, 1H), 3.79 (d, J = 17.7 Hz, 1H), 3.52 (d, J = 17.7 Hz, 1H). BC{'H} NMR (125

MHz, CDCl;) & 200.0, 175.9, 164.5 (d, Jc.r = 251.3 Hz), 155.7, 152.4, 141.9, 136.2,

136.0, 130.0 (d, Jcr = 8.8 Hz), 128.9, 128.5, 128.1 (d, Jcr = 2.5 Hz), 127.3, 126.3,

125.9,121.2, 120.1, 116.1 (d, Jcr = 21.3 Hz), 70.4, 37.6. '°F NMR (471 MHz, CDCl;)
0 -108.2. IR (cm'): 2988(C-H), 1714(C=0), 1668(C=N), 1613(Ar C=C), 1441(C-H),

1174(C-N), 910(C-C), 767(C-C). HRMS(ESI) m/z: [M+Na]® Calcd. for

C»H4,FNONa* 350.0952, Found 350.0961.

5

221205-1-HWM-1008-6 34 (0.218) 1: TOF MSES+
i 328.1143 3.78¢6
100
350.0061
=
338.3423
S29NTE 350.8932
351.0092
339.3459 3448763 353.2669  356.9104
3151570 3171173 327.2212 FR120 349.1852 3542607 3502408
| 334.9154 341.1991
dopgecdedo L P 3 “(‘.‘H%.Lﬁ%r‘.‘*;J'.L“'..n'.“h‘*.‘i“ VAN S I G
312 314 316 318 320 322 324 326 3286 330 332 334 336 338 340 342 344 346 348 350 352 354 356 358
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2t

2'-methyl-4H,6 H-spiro[cyclopenta[c|thiophene-5,3'-indol]-4-one (2t)

Flash column chromatography on a silica gel (PE/EA, v/v, 20:1) gives 2t (14.9 mg, 59%
yield) as a yellow oil; 'H NMR (500 MHz, CDCl;) 6 8.07 (d, /= 4.8 Hz, 1H), 7.59 (d,
J=1.7Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 4.8 Hz, 1H), 7.16 (dt, J = 14.3,
7.0 Hz, 2H), 3.46 (d, J=17.7 Hz, 1H), 3.36 (d, /= 17.7 Hz, 1H), 2.22 (s, 3H). BC{'H}
NMR (125 MHz, CDCl;) & 190.5, 178.9, 166.9, 156.0, 142.6, 141.0, 139.8, 128.9,
126.0, 124.1, 121.3, 120.3, 32.9, 16.2. IR (cm!): 2986(C-H), 1663(C=0), 1614(C=N),
1614(Ar C=C), 1441(C-H), 1174(C-N), 776(C-C). HRMS(ESI) m/z: [M+H]* Calcd.
for C;sH,NOS* 254.0634, Found 254.0639.

9
230820-8-HJL-2171-2 6 (0.076) 1: TOF MS ES+
254.0639 1.10e7|
100
®
239.0383
255.0648
236.0511
[250.060 529.1000
210.0353 297.2326 5301026
139.0533  209.0287 | 298.2359 385.1930 507.1166 647.2245 500 nay 760.1725 803.3477 943.3044 -
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 8OO B850 900 950
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2'-phenylspiro[indene-2,3'-indole]-1(3 H)-thione (3)

Flash column chromatography on a silica gel (PE/EA, v/v, 6:1) gives 3 (53.3 mg, 82%
yield) as a yellowish oil; "TH NMR (500 MHz, CDCls) 6 8.80 (d, /= 8.2 Hz, 1H), 8.11
(d, J=7.7 Hz, 1H), 7.81 — 7.74 (m, 2H), 7.43 — 7.37 (m, 3H), 7.34 — 7.27 (m, 2H),
7.22 —7.17 (m, 3H), 7.17 — 7.13 (m, 1H), 3.83 (d, J = 15.8 Hz, 1H), 3.46 (d, /= 15.7
Hz, 1H). BC{'H} NMR (125 MHz, CDCl;) 8 197.5, 162.4, 151.8, 137.7, 136.1, 135.8,
133.1, 129.7, 128.9, 128.6, 128.32 (2C), 128.29, 127.7, 125.5, 125.1 (2C), 125.0,
122.8, 117.9, 71.9, 35.8. IR (cm!): 2958(C-H), 1666(C=N), 1604(Ar C=C), 1463(C-
H), 1182(C-N), 1076(C=S), 880(C-C), 758(C-C), 694(C-C). HRMS(ESI) m/z:
[M+Na]* Calcd. for C,H;sNSNa* 348.0817, Found 348.0815.

7
230614-5-HJL-2090-1 33 (0.373) 1: TOF MS ES+
100, 347.8955 348.0815 3481043 348.1536 62
348.3076
348.0708
= N
347.9900
348.0225
L e B e e L L% A L o e e B o L B e B e e A m/z
347.900 347.950 348.000 348.050 348.100 348.150 348.200 348.250 348.300
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2'-(2-bromophenyl)spiro[indene-2,3'-indol]-1(3H)-one (4)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 4 (41.9 mg, 54%
yield) as a white solid: m.p. 143-144 °C; 'H NMR (500 MHz, CDCls) & 8.80 (d, J =
8.3 Hz, 1H), 8.11 (d, J= 7.5 Hz, 1H), 7.87 — 7.71 (m, 2H), 7.47 — 7.35 (m, 3H), 7.30
(dd, J; = 19.0 Hz, J, = 7.5 Hz, 2H), 7.22 — 7.19 (m, 2H), 7.17 (d, J = 8.6 Hz, 1H),
3.83 (d,J=15.8 Hz, 1H), 3.46 (d, J = 15.8 Hz, 1H). 3C{'H} NMR (125 MHz, CDCl;)
0 197.5, 162.4, 151.7, 137.7, 136.1, 135.7 (2C), 133.1, 129.7, 128.9, 128.6, 128.33,
128.30, 127.7, 125.5 (2C), 125.1, 125.0, 122.8, 117.9, 71.9, 35.8. IR (cm):
1719(C=0), 1665(Ar C=C), 1631(C=N), 1466(C-H), 1381(C-N), 1077(C-Br), 758(C-
C), 697(C-C). HRMS(ESI) m/z: [M+H]* Calcd. for C»,H;sBrNO* 388.0332, Found

388.0333.
230721-12-HJL-155-1- 5 (0.076) 1. TOF MS ES+
100 388.0333 390.0312 1.18e4

391.0398

3800365
390.0548
387.0789 RS
3001319
3896335 ?
388.0867
3916035

390.3521
[,391‘1384 ‘
T

380.1333  |389.6534 392.1260

f — 391.0091 | i
L. | SRR et ' WP FORUREN || ERSSPOVSH N 1T | RN T | sl T

3872802 387.9158 [383'1 308
a0 N !
387 388 389 380 391 392

386.6105
FOVE DR | B "

549



4-methyl-N'-(2'-methylspiro[indene-2,3'-indol]-1(3H)-ylidene)
benzenesulfonohydrazide (5)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 5 (52.3 mg, 63%
yield) as a yellowish oil; "TH NMR (500 MHz, CDCls) 6 7.81 (d, J= 8.5 Hz, 2H), 7.74
(d, /J=8.4 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.39 — 7.36 (m, 2H), 7.22 (d, J= 8.1 Hz, 2H),
7.13 (t,J=7.5Hz, 1H), 6.78 (d, J= 7.9 Hz, 1H), 6.68 (t,J= 7.5 Hz, 1H), 6.60 (d, J =
7.1 Hz, 1H), 5.73 (s, 1H), 3.25 (d, J=15.9 Hz, 1H), 2.89 (d, /= 16.0 Hz, 1H), 2.37 (s,
3H), 1.74 (s, 3H). BC{'H} NMR (125 MHz, CDCl3) & 166.5, 149.8, 147.2, 143.7,
136.9, 131.5, 131.0, 129.43, 129.38, 129.1, 128.6, 128.1, 127.9, 127.8, 126.3, 123.7,
122.1, 120.6, 110.1, 98.4, 70.6, 37.8, 21.5, 18.9. IR (cm!): 2957(C-H), 1614(Ar C=C),
1605(C=N), 1468(C-H), 1166(C-N), 815(C-C), 739(C-C). HRMS(ESI) m/z: [M+Na]*
Calcd. for C,4H,1N30,SNa*t 438.1247, Found 438.1254.

7

230614-5-HJL-2093-1 9 (0.118) 1: TOF MS ES+
438.1254 5.48e6!
100
®

416.1435
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?

1007.7148 1694.7902
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2'-methylspiro[indene-2,3'-indolin]-1(3H)-one (6)

Flash column chromatography on a silica gel (PE/EA, v/v, 4:1) gives 6 (39.9 mg, 80%
yield) as a yellow oil; '"H NMR (500 MHz, CDCls) 6 7.78 (d, J= 7.7 Hz, 1H), 7.65 (t,
J=17.4Hz, 1H), 7.53 (d, J= 7.7 Hz, 1H), 7.42 (t, J= 7.4 Hz, 1H), 7.09 (t, /= 7.6 Hz,
1H), 6.82 — 6.73 (m, 2H), 6.70 (t, J= 7.4 Hz, 1H), 4.12 (q, J = 6.6 Hz, 1H), 3.60 (d, J
= 17.5 Hz, 1H), 3.24 (d, J = 17.5 Hz, 1H), 1.27 (d, J = 6.6 Hz, 3H). BC{'H} NMR
(125 MHz, CDCls) & 204.0, 152.7, 151.4, 136.1, 135.0, 133.0, 128.6, 128.0, 126.1,
124.7, 122.6, 119.6, 111.0, 65.4, 61.8, 40.9, 15.6. IR (cm™'): 3418(N-H), 1714(C=0),
1602(Ar C=C), 1506(C=N), 1464(C-H), 1404(C-H), 879(C-C), 746(C-C). HRMS(ESI)
m/z: [M+H]" Calcd. for C;7H;(NO* 250.1226, Found 250.1231.

3
230714-6-5 9 (0.118) 1: TOF MS ES+
100+ 250.1231 4.69e6

251.1263
272.1050

262,308 273.1078
B3NS 39,0078 2422817 248.1063 v 2552152 262,1321 265 1462 207-1604 i 279.0014 262 11352631674,
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3-(2-bromo-5-methylbenzyl)-2-methyl-1H-indole (1b)

'H NMR (500 MHz, CDCl;)
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3-(2-bromo-4-methylbenzyl)-2-methyl-1H-indole (1¢)
'"H NMR (500 MHz, CDCl;)
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3-(2-bromo-4-methoxybenzyl)-2-methyl-1H-indole (1d)

'H NMR (500 MHz, CDCl;)
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3-(2-bromo-5-methoxybenzyl)-2-methyl-1H-indole (1e)

'H NMR (500 MHz, CDCl;)
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3-(2-bromo-5-fluorobenzyl)-2-methyl-1H-indole (1f)
'"H NMR (500 MHz, CDCl;)
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'H NMR (500 MHz, CDCls)

3-(2-bromo-5-chlorobenzyl)-2-methyl-1H-indole (1g)
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3-(2-bromo-5-fluorobenzyl)-2-methyl-1H-indole (1h)

'H NMR (500 MHz, CDCls)
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19F NMR (471 MHz, CDCls)
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3-(2-bromo-3-chlorobenzyl)-2-methyl-1H-indole (1i)

'H NMR (500 MHz, CDCl5)
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trobenzyl)-2-methyl-1H-indole (1j)

-1

3-(2-bromo-5

'H NMR (500 MHz, CDCls)
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3-(2-bromo-4,5-dimethoxybenzyl)-2-methyl-1H-indole (1k)

'H NMR (500 MHz, CDCls)
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3-((1-bromonaphthalen-2-yl)methyl)-2-methyl-1H-indole (11)

'H NMR (500 MHz, CDCls)
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'H NMR (500 MHz, CDCls)

3-(2-bromobenzyl)-2,5-dimethyl-1H-indole (1m)
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3-(2-bromobenzyl)-5-methoxy-2-methyl-1H-indole (1n)

'H NMR (500 MHz, CDCl;)
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3-(2-bromobenzyl)-5-fluoro-2-methyl-1H-indole (10)

'H NMR (500 MHz, CDCls)
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19F NMR (471 MHz, CDCls)
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3-(2-bromobenzyl)-5-chloro-2-methyl-1H-indole (1p)

'H NMR (500 MHz, CDCls)
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3-(2-bromobenzyl)-2-phenyl-1H-indole (1q)

'H NMR (500 MHz, CDCl;)
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3-(2-bromobenzyl)-2-(4-fluorophenyl)-1H-indole (1r)

'H NMR (500 MHz, CDCl;)
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3-(2-bromobenzyl)-1H-indole (1s)

'H NMR (500 MHz, CDCls)
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3-((4-bromothiophen-3-yl)methyl)-2-methyl-1H-indole (1t)

'H NMR (500 MHz, CDCl;)
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2',5-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2b)

'H NMR (500 MHz, CDCl;)
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2',6-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2¢)

=)
[S
s
[
L2
- or'oL—
- oriz—
F3 89pE—
oELz— Jx =pge
65— S Bvee |2
&
[aal
SHN®)
A
~~~ ¥
- MWM.MMV \M FS8OT | w C
O g T Fgor [+ NN
zl9ge N {
29'9/
FDb L= I m_‘tv
M 66'LL
N
an B ﬂFD
M T v
Lo ~
S = ~
S =
8 e S
N w
Y, Z, voz
: el
> Se560 rE oo eren
0160'Z T osse
e
Z 29014 = %
LZL A Fa =~ 098Z}
T £1009 0092°L O %y
- 490€°L o Ehiel
S61E°LA Le o wrEeLy
2L 6L0vL
ZUEE L e
18052 L 21051
6625'L = oe
mmmm.h/ﬁ B6E'9GL
2965, [
Z6VSL P
52664
v2LsL -
6185°L o
oree €661 —
(=]
o
o |-e
N 4
1£002—
-
=

S77

fl (ppm)




6-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2d)
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'H NMR (500 MHz, CDCl;)

5-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2¢)
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4-chloro-2'-methylspiro[indene-2,3'-indol]-1(3 H)-one (2f)

'H NMR (500 MHz, CDCls)
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6-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2g)

'H NMR (500 MHz, CDCls)
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5-fluoro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2h)

'H NMR (500 MHz, CDCl;)
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3C{'H} NMR (125 MHz, CDCl;)
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7-chloro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2i)

'H NMR (500 MHz, CDCls)

v
2i
i T
1UI.5 lU‘.U 9'5 9.’0 Z(IE H.’U 7.‘5 7.’0 b.l5 ﬁ.’D 8.9 5'[} -l.‘5 l'U 3.5 JIH !.‘5 B.KU l.‘f} l.IU U.I5 UIU
£1 (ppm)
BC{!H} NMR (125 MHz, CDCls)
i i A P i
2i
1
f.’iU ‘..]L‘\U l;U U;U lrlU l{IW'U l"J‘U lIlU lllU l‘.EU l‘lU l(‘)U 9‘0 EIU Tlﬂ 5‘0 5'0 I‘U 3'[] l.’lU lb (IJ

£1 (ppw)

S84



2'-methyl-5-nitrospiro[indene-2,3'-indol]-1(3H)-one (2j)

'H NMR (500 MHz, CDCls)
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5,6-dimethoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2k)

'H NMR (500 MHz, CDCl;)
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2'-methylspiro[cyclopenta[a]naphthalene-2,3'-indol]-1(3H)-one (21)

'H NMR (500 MHz, CDCl;)
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2',5'-dimethylspiro[indene-2,3'-indol]-1(3H)-one (2m)

'H NMR (500 MHz, CDCl;)
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3C{'H} NMR (125 MHz, CDCl;)
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5'-methoxy-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (2n)

'H NMR (500 MHz, CDCl;)
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5'-fluoro-2'-methylspiro[indene-2,3'-indol]-1(3H)-one (20)
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19F NMR (471 MHz, CDCls)
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2'-phenylspiro[indene-2,3'-indol]-1(3H)-one (2q)

'H NMR (500 MHz, CDCl;)
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2'-(4-fluorophenyl)spiro[indene-2,3'-indol]-1(3H)-one (2r)

'H NMR (500 MHz, CDCl;)
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2'-methyl-4H,6 H-spiro[cyclopenta[c|thiophene-5,3'-indol]-4-one (2t)

'H NMR (500 MHz, CDCl;)
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'H NMR (500 MHz, CDCl;)

2'-phenylspiro[indene-2,3'-indole]-1(3H)-thione (3)
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2'-(2-bromophenyl)spiro[indene-2,3'-indol]-1(3H)-one (4)

'H NMR (500 MHz, CDCl;)
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4-methyl-N'-(2'-methylspiro[indene-2,3'-indol]-1(3 H)-

ylidene)benzenesulfonohydrazide (5)

'H NMR (500 MHz, CDCls)
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2'-methylspiro[indene-2,3'-indolin]-1(3H)-one (6)

'H NMR (500 MHz, CDCls)
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