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Synthesis of Benzo[5,6]cyclohepta[b]indol-6-one Derivatives
Benoit Joseph, David Alagille, Cyril Rousseau and Jean-Yves Mérour*

Institut de Chimie Organique et Analytique, associé au CNRS, Université d'Orléans
BP 6759, 45067 Orléans Cedex 2, France

Abstract: An effective synthesis of 5,6,11,12-tetrahydrobenzol 5,6 Jcyclohepta[b]indole-6-ones 2 was reported.
Reactivity studies of the compound 2a led us to the preparation of 1 1-substituted derivatives 9-13 via
the palladium-mediated cross-coupling reactions or an elimination-addition reaction. © 1999 Elsevier
Scicnce Ltd. All rights reserved.

A large number of medicinal agents and molecules displaying potent biological properties (antitumoral,

aromatic rings (pyridine, benzene or pyrrole rings)

5

fused to a central seven-membered ring.! Recently, we have described the syntheses of new potent

antiinflammatory® and antitumor agents’ having an indole and a phenyl rings around a central seven-membered

Modest in vitro cytotoxicities were observed. Following these results, we became interested in the preparation

of 5,6,11,12-tetrahydrobenzo[5,6]cyclohepta[b]indol-6-ones 2 to evaluate their antitumoral potential.
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Only one publication on an analogous ring system has been found. Compound 2¢ was prepared in 37%

overall yield by K. Yamane et al from benzocycloheptene-5,6-dione through a Fischer indolization.” Herein, we
report a new approach to the elaboration of this ring system. Also, transformations of 2 were investigated in
order to obtain potent therapeutic derivatives. Considering our synthetic pathway toward 1, we have applied
this strategy for the preparation of fused indole ring system 2 starting fr

3-carboxaldehyde 3a or 3b. The synthesis of 2 was carried out as shown in Scheme 1. The 3

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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1:1)® of alkene 4a in 86% yield. The same reaction with 3

(
5:3). Both compounds 4

=
[=9)

led to the compound 4b in 70% yield (E/Z ratio

a and 4b were hydrogenated over 10% Pd/C catalyst in dioxane at room temperature
to affard Sa and §h in 92% and QR0 \l;nld reg)nnnf;un‘u Qoannnifiratinn AfF actar Ea gnve tha Amcesessaaa 1
W AVIU 2R Qul PR i J4 0 alll YO0 YiGs SpLLLIvVeL DJapuliliivauvil Ul Ol Ja gave uiC COITCSPOIding
acid 6a in good yield. The saponification of 5b gave a mixture of acids 6b/6c (ratio = 7:3), which were

separated by column chromatography. L
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§a R=CH, R=H 86% ~— ecthanol
5h R=SO,Ph R'=CH, 9%6% ~—] KOH
f 6b R=S0,Ph R=H 70% ethanol
1 6c RR=H 25%
Scheme 1

Target ketones 2a and 2¢® were obtained by intramolecular cyclization’ of acids 6a and 6b (or 6c),
position-4 of the indole ring was observed. Hydrolysis of the phenylsulfonyl group of 6b occurred during the

cyclization to give the unprotected ketone 2¢. The N-phenylsulfonyl ketone 2b was prepared in 61% yield
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through a lithiation in position-2'" of 5b with lithium diisopropylamide in tetrahydrofuran at -78 °C followed

by a nucleophilic addition of the intermediate anion on the carboxyl group (Scheme 2).

-~ P

) )

a double bond between carbons 11 and 12 was undertaken. Thu

us, the unsaturated
ketones 7 were prepared in good yields by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) oxidation of 2

1,4-dioxane (Scheme 3). N-Alkylation of compound 7¢ with alkylamino halides is currently underway to

npounds for testing as potential anticancer agents
Compound R Yield
DDQ (3 eq) TN
i,4-dioxane refiux /F"\\‘ AN 7a CH, 80%
2 —— (o W M
N = b SOPh | 90%
T
R 7c5 H 85%

N-bromosuccinimide (NBS) in refluxing carbon tetrachloride'’ yielded a mixture of 7a and 8. In our
experiments, no bromination occurred on the indole ring. Increase of the amount of NBS (2.8 eq) gave the

11-bromo

ketone 8 in 88% vyield (Scheme 4). The structure of 8 was confirmed by NOESY experiments.

This key compound 8 opens the route to the preparation of a wide range of 11-substituted derivatives
via the well-documented palladium-mediated cross-coupling reactions such as the Stille' or Suzuki
reactions'’ or an elimination-addition reaction.'' Stille coupling reactions were performed on compound 8
(Scheme 4). it was allowed to react with vinyliributyliin in the presence o
bis(triphenylphosphine)palladium chloride catalysts in N,N-dimethylformamide at 90 °C to produce 9 in 92%
yield. Compound 10 was prepared in a similar way in good yield using allyltributyltin.

Aryl derivatives wer

8 and selected arylboronic acids (2-methoxybenzene boronic acid and 2-thiophene boronic acid) in the
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presence of freshly prepared tetrakis(triphenyl)palladium."> Compounds 11 and 12 were obtained in 97% and

79% yield respectively.
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Scheme 4

Compound 13 was obtained in 70% yield by reacting 8 with N-methylpiperazine in refluxing 1,4-

dioxane. The structure was again firmly established by a NOESY experiment.

In conclusion, we developed an alternative route to the preparation of 5,6,11,12-
tetrahydrobenzo[5,6]cycloheptalblindol-6-ones 2. The reactivity of the 11-bromo derivative 8 was
investigated. This led to the synthesis o

mediated cross-coupling reactions or an elimination-addition reaction.

General: Melting points were determined using a Biichi SMP-20 melting point apparatus and are
uncorrected. The infrared spectra of compounds were recorded on a Perkin Elmer FTIR paragon 1000
a were recorded at 300 °K in CDCl; or DMSO-dg on a Bruker Avance DPX 250

(250.13 MHz for 'H and 62.90 MHz for 13C). Chemical shifts are expressed in parts per million and
referenced to TMS. Mass spectra were recorded on Perkin-Elmer SCIEX API 300 using ionspray
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methodology. Thin layer chromatography was performed on precoated plate of silica gel 60F,s4 (Merck) and
tha cnnte viciialiecad nicing an nitravinlat lamn T aliimn Ahrameatagernnbhe rao mael ...-.,.,..,-1 wxpitbe RA L 1t 1
LIV SPULS VISUALIdUU USLIE all uiuaviuilt wainp. Oiaiiin ClioimatGgiapi ly wad Pelivillicu witll IVICICK >S1ICd ZCt

sodium benzophenone before use. All air and moisture sensitive reactions were conducted under a prepurified
aronn Qfmncnhprp n ﬂamn,r‘nnr‘l (YI'JICC\IIQTFI
L svl “\—IIIVJFIAVIV Ri3 A1QLLIW LIV SIMJ YY €A W

2-[2-(1-Methyl-1H-3-indolyl)-1-ethenyl]benzoic acid methyl ester (4a)
To a suspension of (2-carbomethoxybenzyl)triphenyl phosphonium bromide (9.26 g, 18.9 mmoles) in

anhydrous THF (120 ml), 2M lithium diisopropylamide in heptane (9.45 ml, 18.9 mmoles) was added
dropwise at -78 °C. After 30 min, a solution of 3a (1.0 g, 6,3 mmoles) in THF (20 ml) was added dropwise
with vigorous stirring at -78 °C. The mixture was stirred 1 h at -78 °C, then 1 h at room temperature and THF
was distilled off at reduced pressure. The residue was partitioned between ethyl acetate (30 ml) and 10%
hydrochloric acid (30 ml), the aqueous phase separated and extracted with ethyl acetate (2 x 30 ml). The
organic layer was dried over MgSO,4 and evaporated in vacuo. The crude oil was purified by column
chromatography using petroleum ether-dichloromethane 1:1 as the eluting solvent to afford 4a (1.83 g, 86%)
as a yellow oil (£/Z ratio 1:1); IR (film) v 1
3H, CHs), 3.87 (s, 3H, CH3), 6.54 (s, 1H, Hay),
=CH), 7.05-7.12 (m, 1H, Ha,), 7.20-7.38 (m, 4

22 (CO) cm
6.83 (d, 1H, J = 12.0 Hz, =CH),
H, Ha), 7.49-7.53 (m, 2H, Ha),
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.02-8.04 (m, 1H, Hy,). E
isomer 'H NMR (250 MHz, CDCl3) & 3.76 (s, 3H, CH3), 3.96 (s, 3H, CH3), 7.18-7.36 (m, 6H, =CH + Hy,),
7.50 (t, 1H, J = 7.5 Hz, Ha,), 7.80 (broad d, 1H, J = 8.0 Hz, Ha,), 7.93 (dd, 1H, J = 1.3, 8.0 Hz, Ha,), 8.06 (d,
1H, J = 16.5 Hz, =CH), 8.06-8.09 (m, 1H, Hx,). Z isomer *C NMR (62.90 MHz, CDCl;) § 32.8 (CH3), 51.9
(CH3) 109.1 (CH), 111.3 (C), 119.2 (CH), 119.4 (CH), 120.6 (CH), 121.7 (CH), 125.9 (CH), 126.7 (CH),
127.5 (C), 127.9 (CH), 129.2 (C), 130.5 (CH), 130.9 (CH), 131.9 (CH), 136.3 (C), 141.1 (C), 167.7 (CO). E
isomer '*C NMR (62.90 MHz, CDCI3) & 32.8 (CH3), 52.0 (CH3), 109.5 (CH), 114.2 (C), 120.3 (2 CH), 122.2
(CH), 122.7 (CH), 124.3 (CH), 125.8 (CH), 125.9 (CH), 126.1 (C), 127.7 (C), 129.1 (CH), 130.7 (CH), 131.9
(CH), 137.7 (C), 140.2 (©), 168.2 (CO); Anal. Calcd. for C;oH7NO,: C, 78.33; H, 5.88; N, 4.81. Found: C,
78.57; H, 6.04; N, 4.69; MS m/z 292 (M+1)".

2-[2-(1-Phenylsulfonyl-1H-3-indolyl)-1-ethenyl]benzoic acid methyl ester (4b)

With the same methodology but using 3b as starting material, 4b was isolated after column chromatography

(eluent petroleum ether-dichloromethane 1:1) in 70% yield as a yellow oil (E/Z ratio 5:3); IR (film) 1718
(CO) Lm‘ Z isomer 'H NMR (250 MHz, CDCI») 8 3.84 (s, 3H, CHj), 6.66 (d, 1H, J = 12.0 Hz, =CH), 6.99
(s, 1H, Ha,), 7.16-7.52 (m, 10H, =CH + Ha,), 7.67-7.74 (m, 2H, Ha,), 7.93 (broad d, 1H, J = 8.0 Hz, Hao),
8.04 (broad 4, 1H, J = 8.0 Hz, Ha); E isomer '"H NMR (250 MHz, CDCls) § 3.93 (s, 3H, C--g), 7.09 (d, 1H,

J = 16.5 Hz, HC=), 7.15-8.09 (m, 14H, Ha,), 8.15 (d, 1H, J = 16.5 Hz, =CH); Z isomer C NMR (62.9
MHz, CDCl5) § 52.0 (CH3), 113.4 (CH), 118.6 (CH), 118.8 (C), 119.8 (CH), 123.3 (CH), 124.2 (CH), 124.

®© o
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(CH), 126.7 (2 CH), 127.5 (CH), 129.0 (C), 129.1 (2 CH), 130.2 (C), 130.4 (CH), 130.7 (CH), 132.0 (CH),
1323 (CH), 133.7 (CH), 1345 (C), 137.9 (C), 139.6 (C), 167.3 (CO); E isomer "°C NMR (62.90 MHz
CDCl) 8 52.0 (CHa), 113.6 (CH), 120.7 (CH), 121.0 (C), 121.9 (CH), 123.8 (CH), 124.7 (CH), 125.0 (CH),

126.4 (CH), 126.6 (2 CH), 127.1 (CH), 128.0 (C), 128.3 (CH), 128.8 (C), 129.2 (2 CH), 130.7 (CH), 132.1

"r\—h NN . C. M £0 NK.
. I0T Lag 11[911\}40 w, UF5.U

.59; N, 3.36. Found: C, 68.81; H, 4.73; N, 3.45; MS m/z 418 (M+1)*.
2-[2-(1-Methyl-1H-3-indolyl)-1-ethyl]benzoic acid methyl ester (5a)

A m!x_tu‘P fda (] A D A R mmo l ) apd Pd/(‘ ]n% (15872 ma\ in mathannl/THE (20 I“l 2/1 7 r) wag Lho]{nn

iy
VA~ ax AL IRAVMLQIAVL R AXL \ UV Lilly &d Yiv

in a Parr apparatus under 40 psi of hydrogen at room temperature for 2 h. The catalyst was removed by
filtration, and evaporation of the solvent. The crude was purified by column chromatography (eluent

petroleum ether-dichloromethane 1:1) to give 5a (1.3 g, 92%) as a colorless oil; IR (film) v 1722 (CO) cm™;

UQ
\J

'H NMR (250 MHz, CDCl3) 8 3.11 (t, 2H, J = 8.0 Hz, CHy), 3.41 (t, 2H, J = 8.0 Hz, CH,), 3.76 (s, 3H, CH3),
3.90 (s, 3H, CHs), 6.86 (s, 1H, Ha,), 7.18-7.53 (m, 6H, Hy,), 7.79 (broad d, 1H, J = 8.0 Hz, Hy,), 7.93-7.94
(m, 1H, Ha). "C NMR (62.90 MHz, CDCl3) & 27.4 (CH,), 32.2 (CH3), 35.4 (CHy), 51.7 (CH3), 108.9 (CH),
114.5 (C), 118.4 (CH), 119.0 (CH), 120.8 (CH), 125.7 (CH), 126.2 (CH), 127.8 (C), 129.5 (C), 130.4 (CH),
131.4 (CH), 131.7 (CH), 136.9 (C), 143.9 (C), 167.9 (CO); Anal. Calcd. for C;sH;sNO,: C, 77.79; H, 6.53;
N, 4.77. Found: C, 78.04; H, 6.41; N,4.88; MS m/z 294 (M+1)".
2-[2-(1-Phenylsulfonyl-1H-3-indolyl)-1-ethyl]benzoic acid methyl ester (5b)

Using the same procedure and the same eluent for the final purification, Sb was prepared in 96% yield; m.p.
85-86 °C (methanol washing); IR (KBr) 1720 (CO) em™'; 'H NMR (250 MHz, CDCl3) § 2.97 (t, 2H, J = 8.0
Hz, CH»), 3. 31 (t, 2H, J = 8.0 Hz, CH>), 3.80 (s, 3H, CHj3), 7.10-7.56 (m, 10H, Ha,), 7.80-7.99 (m, 4H, Ha,);
3C NMR (62.90 MHz, CDCls) 8 26.9 (CH,), 34.0 (CHy), 51.8 (CHs), 113.5 (CH), 119.6 (CH), 122.7 (C),
122.8 (CH), 123.0 (CH), 124.5 (CH), 126.1 (CH), 126.5 (2 CH), 129.0 (2 CH), 129.3 (C), 130.6 (CH), 130.9
(C), 131.0 (CH), 131.9 (CH), 133.5 (CH), 135.1 (C), 138.1 (C), 143.0 (C), 167.6 (CO); Anal. Calcd. for
C,4H2 NO,S: C, 68.72; H, 5.05; N, 3.34. Found: C, 68.43; H, 5.21; N, 3.47; MS m/z 420 (M+1)".
2-[2-(1-Methyl-1H-3-indolyl)-1-ethyl]benzoic acid (6a)

A solution of ester 5a (1.28 g, 4.4 mmoles) in ethanol 95% (25 ml) and sodium hydroxide (698 mg, 17.4
mmoles) was stirred at reflux for 16 h. The solvent was removed in vacuo, water (20 ml) was added to the

residue and the pH was adjusted to 1 by careful addition of 10% hydrochloric acid. After extraction with

ARSI Qe Ml u

LV I T

dichioromethane (2 x 20 mi), the organic layer was dried over MgSO4 and evaporated. The residue was
separated by column chromatography (dichloromethane-methanol 95:5) to give 6a (1.05 g, 86%) as crystals;
m.p. 147-148 °C (ether washing); IR (film) v 3300-2400 (OH), 1686 (CO) cm’'; '"H NMR (250 MHz, CDCl;)

15/ AAx 100V W)

§3.12 (t, 2H, J = 8.0 Hz, CHy), 3.47 (1, 2H, J = 8.0 Hz, CHy), 3.70 (s, 3H, CH3), 6.82 (s, 1H, Ha,), 7.09-7.37
(m, SH, Ha,), 7.50 (t, 1H, J = 6.9 Hz, Ha), 7.72 (d, 1H, J = 8.0 Hz, Hy)), 8.12 (d, IH, J = 8.0 Hz, Ha,); ‘3c
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NMR (62.90 MHz, CDCl3) 8 27.5 (CHj), 32.5 (CHa), 36.0 (CHa), 109.0 (CH), 114.7 (C), 118.6 (CH), 119
(CH), 121.4 (CH), 1260 (CH), 126 4 (CH), 1279 (C), 128

S ARER) A

[o—

(C), 145.2 (C), 173.3 (CO); Anal. Calcd. for C;sH;7NO;,: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.80; H,
6.02; N, 5.15; MS m/z 280 (M+1)",
2-[2-(1-Phenylsulfonyl-1H-3-indolyl)-1-ethyllhenzoic acid (6b) and 2-(1H-3-in
(6¢)

A solution of ester Sb (500 mg, 1.2 mmoles) in ethanol 95% (20 ml) and potassium hydroxide (375 mg,
mmoles) was stirred at reflux for 3 h. The solvent was removed in vacuo, water (20 ml) was added to the
residue and the pH was adjusted to 1 by careful addition of 10% hydrochloric acid. After extraction with
dichloromethane (2 x 20 ml), the organic layer was dried over MgSO, and evaporated. The residue was
separated by column chromatography (dichloromethane) to give 6b (338 mg, 70%) and 6c¢ (79 mg, 25%) as
crystals; 6b: m.p. 164-165 °C (methanol); IR (KBr) v 3300-2400 (OH), 1714 (CO) cm™; "H NMR (250 MHz,
CDCls) 6 3.00 (t, 2H, J = 8.0 Hz, CH;), 3.38 (t, 2H, J = 8.0 Hz, CH;), 7.13-7.58 (m, 10H, Ha;), 7.82 (d, 2H, J
=7.5 Hz, Ha,), 7.97 (d, 1H, J = 8.0 Hz, Hay), 8.08 (d, 1H, J = 7.5 Hz, Hay); >C NMR (62.90 MHz. CDCl53) &
27.0 (Cily), 34.5 (CHy), 113.6 (CH), 119.6 (CH), i22.9 (CH), i22.9 (CH), 123.1 (CH), 124.6 (CH), 1264
(CH), 126.6 (2 CH), 128.1 (C), 129.1 (2 CH), 131.0 (C), 131.4 (CH), 131.8 (C), 132.9 (CH), 133.5 (CH),
135.2 (C), 138.2 (C), 144.2 (C), 173.0 (CO); Anal. Calcd. for C;3H;oNO4S: C, 68.13; H, 4.72; N, 3.45.
Found: C, 68.48; H, 4.85; N, 3.62; MS m/z 406 (M+1)". 6c: m.p. 160-161 °C (meihanol); IR (KBr) v 3402
(NH), 3300-2400 (OH), 1688 (CO) cm’; 'H NMR (250 MHz, DMSO-de) & 3.10 (t, 2H, J = 7.9 Hz, CHy),
3.45 (t, 2H, J = 7.9 Hz, CHy), 6.90-7.10 (m, 3H, Hp,), 7.30-7.49 (m, 4H, Ha,), 7.65 (d, 1H, J = 7.5 Hz, Ha,),
7.81 (dd, 1H, J = 1.0, 7.5 Hz, Ha,), 10.74 (broad s, 1H, NH); ~ B3¢ NMR (62,90 MHz, DMSO-ds) 5280
(CH,), 35.6 (CHy), 111.8 (CH), 114.9 (C), 118.6 (CH), 119.0 (CH), 121.3 (CH), 122.7 (CH), 126.4 (CH),
127.6 (C), 130.6 (CH), 131.2 (C), 131.4 (CH), 132.0 (CH), 136.7 (C), 143.6 (C), 169.7 (CO); Anal. Calcd.
for C7H;sNO,: C, 76.96; H, 5.70; N, 5.28. Found: C, 79.62; H, 5.86; N, 5.39; MS m/z 266 (M+1)".
5-Methyl-5,6,11,12-tetrahydrohenzo|[5,6]cyclohepta[?]indol-6-one (2a)

Finely powdered 6a (1.0 g, 3.6 mmoles) was added to polyphosphoric acid (5.7 g) and phosphorus pentoxide

~

1A 0 1L
11U "C 10r 1 n.

AA D 1

(0.75 g) with stirring at 90 °C. After the addition was compiete, the mixiure was stirred at
After cooling, ice was added, then the mixture was neutralized with saturated sodium hydrogenocarbonate,
and extracted with dichloromethane (2 x 15 ml). The combined organic layers were dried over MgSO, and
evaporated. The crude residue was purified by coiumn chromatography {eluent petroleum ether-
dichloromethane 1:3) to afford 2a (898 mg, 96%) as crystals; m.p. 103-104 °C (petroleum ether-ethyl
acetate); TR (KBr) v 1621 (CO) em™; '"H NMR (250 MHz, CDCls) § 2.98-3.00 (m, 4H, CH,), 3.95 (s, 3H,

¥

CH,), 6.97-7.03 (m, 1H, Ha,), 7.09-7.32 (m, 5H ,Ha,), 7.46 (broad d, 1H, J = 8.1 Hz, Ha,), 7.88 (dd, IH, /=

1.5, 8.1 Hz, Hao); '*C NMR (62.90 MHz, CDCI3) & 24.8 (CHy), 32.8 (CH3), 34.8 (CHy), 109.9 (CH), 119.7
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(CH), 120.5 (CH), 125.5 (C), 126.1 (CH), 126.4 (CH + C), 128.7 (CH), 129.5 (CH), 131.3 (CH), 1324 ),
1209 /Y 1204 /Y 120Q /Y 1QLQ 1OM. Anal Calad fan ™ I N M Q0 A12.IT €70 N & 24 A a
1074\ ), 1079 \\), 1J7.7 ), 10U0.7 \LU), Alldl. LalCU, 10T UglrisiNUIL U, 04./2, I, J./7; IN, 2.0, rounda

5-Phenylsulfonyl-5,6,11,12-tetrahydrobenzo[5,6]cyclohepta[bJindol-6-one (2b)
Ta a ctirrad cnlntinn ~f Kh (N0 mo N AR mmal) in anhudrane THERE 20 a1 ot _7Q O IAA lithivieme
10 4 SUITEA SOuuon Of 90 (Luvu Mg, v.ad Minoi) I alnyGrous i (4vu My al -/70 "C, 2Vl 11inium

diisopropylamide in heptane (0.36 ml, 0.72 mmoles) was added dropwise. The mixture was stirred 1 hour at

g? B

-78 °C, then 1 h at room temperature and THF was evaporated. The residue was partitioned between ethyl

acetate (10 ml) and 109% hydrochloric acid (10 ml), the agueous phase se
(1 70 hydrochioric acid (10 mil), the a queous phase se

dichloromethane (2 x 5 mi). The organic layer was dried over MgSQOy and evaporated in vacuo. The crude oil
was purified by column chromatography (eluent petroleum ether-dichloromethane 1:1) to afford 2b (120 mg,

61%); m

- m.p. 137-138 °C (petroleum ether-dichloromethane); IR (KBr) v 1658 (CO) cm m"; "H NMR (250 MHz

8 R I et L Sy AN (A1) LA I 12 L EAA B ANR PO LSS 4E § ¥

CDCl3) 6 3.17-3.24 (m, 4H, CHy), 7.29-7.69 (m, 9H, Hy,), 7.91 (dd, 1H, J = 1.5, 8.0 Hz, Hy,), 8.20-8.27 (m,
3H, Hay); C NMR (62.90 MHz, CDCl3) § 24.3 (CH,), 33.8 (CH,), 116.1 (CH), 120.8 (CH), 123.7 (CH)
127. CH), 128.7 (2 CH), 129.1 {(CH), 129.2 (CH), 131.8 (CH), 132.7{(C), 133.1 (CH), 1358

Following the procedure used for the preparation of 2a, compound Z¢ was obtained (column chromatography

eluent: petroleum ether-ethyl acetate 9:1) in 80% yield as crystals; m.p. 181-182 °C (methanol washing) (Lit.

m.p. 185-186 °C); IR (KBr) v 3307 (NH) cm™', 1618 (CO) cm™'; '"H NMR (250 MHz, CDCl3) § 3.20-3.30 (m,
4H, CH,), 7.14 (t, 1H, J = 8.0 Hz, Ha,), 7.33-7.49 (m, 5H, Ha),7.66 (d, 1H, J = 8.0 Hz, Ha,), 8.14 (dd, 1H, J
= 1.6, 7.6 Hz, Hay), 9.49 (s, 1H, NH); °C NMR (62.90 MHz, CDCl3) 8 24.3 (CH»), 36.0 (CH,), 112.1 (CH),
120.2 (CH), 121.2 (CH), 126.2 (C), 126.8 (CH), 127.0 (CH), 127.2 (C), 130.2 (2 CH), 132.6 (CH), 133.2 (C),
136.8 (C), 137.3 (C), 141.1 (C), 184.3 (CO); Anal. Calcd. for C;7H3NO: C, 82.57; H, 5.30; N, 5.66. Found
C, 82.83: H, 5.13; N, 5.81; MS m/z 248 (M+1)".

General procedure to prepare compounds 7

A solution of 2 (1 eq) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (3 eq) in dry 1,4-dioxane was stirred at
reflux under argon for 12 h. After cooling, the solution was diluted with dichloromethane, then washed

successively with aqueous 10% sodium hydroxide solution twice and water once. The organic layer was dried

over MgSO, and cvaporated. The crude residue was purified by column chromz
ether-dichloromethane 6:4 for 7a, 4:6 for 7b and dichloromethane for 7¢) to afford the desired compounds 7.

5-Methyl-5,6-dihydrobenzol5,6]cyclohepta[blindol-6-one (7a)

Yield: 80%; m.p. 1

CDCls) 8 4.32 (s, 3H, CH3), 7.25 (d, 1H, /= 11.5 Hz, =CH), 7
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+ Har), 8.07 (d, 1H, J = 8.0 Hz, Ha), 8.71 (dd, IH, J = 1.5, 8.0 Hz, Hy,); *C NMR (62.90 MHz, CDCls) &
A

332 (CH-). 1103 (CH©
Sk \N K34y 11V (il

128.7 (CH), 130.6 (CH), 131.3 (CH), 132.8 (CH), 136.0 (C), 136.4 (C), 137.3 (C), 140.0 (C), 181.2 (CO);

Anal. Calcd. for C;gHsNO: C, 83.37; H, 5.05; N, 5.40. Found: C, 83.63; H, 5.14; N, 5.25; MS m/z 260
(M+1Y"

5-Phenylsulfonyl-5,6-dihydrobenzo(5,6]cyclohepta[blindol-6-one (7b)
Yield: 90%; m.p. 205-207 °C (dichloromethane-methanol); IR v 1617 (CO) cm™’; '"H NMR (250 MHz,

. Be v
" - LNIVLIEN

~

62.90 MHz, CDCl3) & 115.9 (CH), 118.9 (CH), 120.8 (CH), 124.0 (CH), 126.3 (C), 126.8 (C), 127.1 (O),
127.3 (2 CH), 128.7 (CH), 128.8 (2 CH), 129.6 (CH), 130.3 (CH), 131.5 (CH), 132.1 (CH), 133.5 (CH),

AN Q. "II

e Y Y 7.
. 10T UazagsiNUBD: L, i

1 £
1.07;

5,6-Dihydrobenzo|5,6]cycloheptalb]indol-6-one (7c)

Yield: 85%; m.p. 250 °C (methanol) (Lit.” m.p. > 270 °C); IR v 3243 (NH), 1581, 1560 (CO) cm™'; '"H NMR
(250 MHz, DMSO-de) 8 7.32 (t, I1H, J = 7.5 Hz, Hy,), 7.49-8.07 (m, 7H, =CH + Ha,), 8.28 (d, 1H, J = 7.5 Hz,
Ha,), 8.87 (dd, 1H, J = 1.3, 7.5 Hz, Hy,), 12.48 (s, 1H, NH); '*C NMR (62.90 MHz, DMSO-dg) & 112.8 (CH),
120.1 (CH), 120.9 (CH), 121.4 (CH), 122.6 (CH), 125.5 (CH), 127.2 (CH), 128.4 (C), 129.0 (C), 130.1 (CH),
132.2 (C), 134.1 (CH), 134.6 (C), 136.7 (CH), 137.0 (C), 137.8 (C), 177.2 (CO); Anal. Calcd. for C7H,(NO:
C, 83.25; H, 4.52; N, 5.71. Found: C, 83.23; H, 4.70; N, 5.88; MS m/z 246 (M+1)".
5-Methyl-11-bromo-5,6-dihydrobenzo[5,6]cyclohepta[blindol-6-one (8)

To a solution of 2a (0.5 g, 1.9 mmoles) in dry CCl4 (40 ml) under argon was added N-bromosuccinimide (1.1
g, 6.2 mmoles). The reaction was stirred at reflux for 2 h. The mixture was hydrolyzed with water (15 ml) and
extracted with dichloromethane (3 x 15 ml). Organic layer was dried over MgSQOy and evaporated. The crude
oil was purified by column chromatography (eluent petroleum ether-dichloromethane 7:3) to afford 8 (565
mg, 88%) as crystals; m.p. 156-157 °C (methanol); IR (KBr) v 1615 (CO) cm™; 'H NMR (250 MHz, CDCls)
0 4.17 (s, 3H, CH3), 7.29-7.35 (m, 1H, Ha,), 7.37-7.47 (m, 2H, Ha,), 7.56-7.70 (m, 2H, Ha,), 7.87 (d 1H, J =
8.0 Hz, Ha,), 8.21 (s, 1H, =CH), 8.41 (dd, 1H, J = 1.0, 8.4 Hz, Ha,), 8.47 (dd, 1H, J = 1.6, 5.1 Hz, Hay); °C
NMR (62.90 MHz, CDCl3) & 32.5 (CHj3), 110.4 (CH), 119.6 (C), 120.5 (CH), 121.5 (CH), 122.3 (C), 124.1

5 3
(C), 139.9 (C), 181.7 (CO); Anal. Calcd. for C;sH;2BrNO: C, 63.92; H, 3.58; N, 4.14. Found:
3.69; N, 4.28; MS m/z 338 (M+1)", 340 (M+3)™.
General procedure for the Stille reaction
To a suspension of freshly prepared tetrakis(triphenylphosphine)palladium (6 mol%) and LiCl (2.8 eq.) in

anhydrous DMF was added a solution of 8 (1 eq) and stannane (1.5 eq) in anhydrous DMF under argon. The
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1 watar tham deind merae RASQOMN . Al oo oot PP o
11 waili, il Ulicy UVver ivigo U4 auu LUllLLllleLCU m vacio. 1

he
crude product was purified by column chromatography (eluent petroleum ether-dichloromethane 7:3 for 9 and

10) to give the desired compound.

S5-Methvl.11.vinvl.§ 6-dihvdrobhenzol§ §levelohentalblindal.6.aone (Q)
- A'l\-tll a aAaa Ill E S U AV ulllJ“l VU\rll‘JULd’VJ\r.’\«lUll\rPl‘lLUJlllu“l WU \]}
Yield: 92%; m.p. 228 °C (dichloromethane-methanol); IR (KBr) v 1611 (CO) cm™; '"H NMR (250 MHz,

CDCl;) 8 4.22 (s, 3H, CH3), 5.47 (dd, 1H, J = 1.5, 10.8 Hz, =CHy), 5.76 (dd, 1H, J = 1.5, 17.0 Hz, =CH.>),

2
110.3 (CH), 116.8 (CH;),120.6 (CH), 120.7 (CH), 120.9 (C), 121.0 (CH), 125.

(C), 126.9 (CH), 128.1 (CH)
129.5 (CH), 130.4 (CH), 130.5 (CH), 134.8 (C), 136.1 (C), 136.2 (C), 139.4 (C), 140.1 (C), 140.6 (CH),
182.9 (CO); Anal. Calcd. for CooH sNO: C, 84.19; H, 5.30; N, 4.91. Found: C, 84.47; H, 5.39; N, 4.75; MS

m/z 286 (M+1)",

5-Methyl-11-allyl-5,6-dihydrobenzo[5,6]cyclohepta[b]indol-6-one (10)

Yield: 97%:; m.p. 101-103 °C (dichloromethane-methanol); IR (KBr) v 1617 (CO) cm’’; 'H NMR (250 MHz,
CDCls) 8 3.81 (broad d, 2H, J = 5.8 Hz, CH,), 4.21 (s, 3H, CH3), 5.15-5.29 (m, 2H, =CH,), 6.02-6.18 (m,
IH, =CH), 7.28-7.34 (m, 1H, Har), 7.49-7.71 (m, SH, =CH + Hy,), 8.01 (t, 2H, J = 8.0 Hz, Ha,), 8.58 (dd, 1H,
J = 1.8, 8.0 Hz, Ha); C NMR (62.90 MHz, CDCl;) 8 32.2 (CH3), 42.9 (CHyp), 110.2 (CH), 116.7
120.6 (CH), 1208 (CH), 121.1 (C), 122.4 (CH), 124.9 (C), 126.8 (CH), 127.8 (CH), 127.9 (CH), 130.8
(CH), 130.9 (CH), 134.0 (C), 135.7 (C), 135.9 (C), 137.0 (CH), 139.5 (C), 140.1 (C), 182.8 (CO); Anal.
Calcd. for C;\H7NO: C, 84.25; H, 5.72; N, 4.68. Found: C, 84.02; H, 5.90; N, 4.84; MS m/z 300 (M+1)".
General procedure for the Suzuki reaction.

To a solution of 8 (1 eq) in anhydrous toluene was added freshly prepared tetrakis(triphenylphosphine)-
palladium (5 mol %). The resulting homogeneous solution was stirred for 30 min at room temperature. A
boronic acid (1.5 eq.) diluted in absolute ethanol was added, followed immediately by saturated aqueous
sodium hydrogenocarbonate. This biphasic solution was heated to reflux (1 to 3 h). After cooling, the reaction

mixture was poured into brine solution. After separation, the aqueous phase was washed with toluene. The

combined organic phases were dried over MgSO, and evaporated. The crude residue was purified by column

5-Methyl-11-(2-methoxyphenyl)-5,6-dihydrobenzo[5,6]cycloheptajbJindol-6-one (11)
Yield: 97%; m.p. 195 °C (dichloromethane-methanol); IR (KBr) v 1617 (CO) cm™; '"H NMR (2

W
[«
£
T
N
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1

1204 (CHY 1208 (CHY 120 A (CEY 121 4 (CHNY 1227 (00 12460 (Y 12462 (6N 126 A (6N 12Q 7 /Y
TJUS \Wdh), LIV (L), 1OV (Wb, 1D (LX), 10007 (W), 100DV (L), 1000 (L), 1204 (L), 1J50.7 (L),
140.2 (C), 157.2 (C), 182.8 (CO); Anal. Caled. for CpsH1sNO»: C, 82.17; H, 5.24; N, 3.83. Found: C, 82.03:
H, 5.33; N, 3.66; MS m/z 366 (M+1)*

S.Meathvl-11_(2.thienv.8 . dihvdrahon7al§ §lovolnhontalhlindal_ &.ana (19)

- A'Av;ll.’l B RN i ‘vlll"llJ l/ J’U “lll‘y“l Vu\;llﬂvld,vl\'-, \vl\lll\.rtll'ﬂll}_llllu\’l TR \l‘}

Yield: 79%; m.p. 176-177 °C (dichloromethane-methanol); IR

-m (
CDCl;) 6 4.22 (s, 3H, CH3), 7.12-7.15 (m, 2H, Ha,), 7.28-7.34 (m, 1H, Hy,), 7.40 (dd, 1H, J = 2.0, 4.0 Hz,

Ha), 7.50-7.65 (m, 4H, Has), 7.84 (dd, 1H, J = 1.6, 8.0 Hz, Hap), 7.91 (s, 1H, =CH), 8.01 (d, 1H, /= 7,7 Hz,
Ha), 8.54 (dd, 1H, J = 1.6, 7.7 Hz, Hay) MR (62.90 MHz, CDCl;) § 32.3 (CH), 110.4 (CH), 120.3
(C), 120.7 (CH), 121.3 (CH), 123.9 (CH), 125.1 (C), 125.4 (CH), 127.0 (CH), 127.2 (CH), 127.6 (CH), 128.4

m/z 342 (M+1)".

5-Methyl-11-(4-methylpiperazino)-5,6-dihydrobenzo[5,6]cyclohepta[b Jindol-6-one (13)

To a solution of 8 (100 mg, 0.29 mmol) in anhydrous 1,4-dioxane (5 ml) was added potassium r-butoxide (49
mg, 0.44 mmol) and N-methylpiperazine (0.1 ml, 0.90 mmoles) under argon. The solution was stirred at
reflux until disappearance of the starting material. After cooling, the solvent was evaporated. The crude
product was purified by column chromatography (eluent dichloromethane-methanol 95:5) to give 13 (72 mg,
70%) as an oil; IR (film) v 1617 (CO) cm™; 'H NMR (250 MHz, CDCl3) § 2.41 (s, 3H, CH3), 2.60-2.75 (m,
4H, CH,), 3.00-3.10 (m, 4H, CHy), 4.14 (s, 3H, CHj3), 7.10 (s, 1H, =CH), 7.22-7.29 (m, 1H, Ha,), 7.41-7.52
(m, 2H, Hy,), 7.57-7.70 (m, 2H, Ha,), 7.97 (broad d, 1H, J = 10.0 Hz, Hy,), 8.43-8.48 (m, 2H, Ha,); °C NMR
(62.90 MHz, CDCl3) & 31.9 (CH3), 46.1 (CHj), 51.8 (2 CHyp), 55.5 (2 CHy), 106.4 (CH), 110.2 (CH), 120.5
(CH), 120.8 (CH), 121.3 (C), 125.2 (C), 126.8 (CH), 128.5 (CH), 128.7 (CH), 130.2 (CH), 130.8 (CH), 133.7
(C), 134.7 (C), 140.1 (C), 140.2 (C), 147.5 (C), 182.7 (CO); Anal. Calcd. for C;3HxN30: C, 77.28; H, 6.49;
N, 11.76. Found: C, 77.50; H, 6.32; N, 11.83; MS m/z 358 (M+1)".
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