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A novel peri-annulated heterocyclic system of 1,2-dihydrobenz[6,7]oxepino[4,3,2-cd]indole was prepared
starting from TNT via 4,6-dinitro-1-tosylindoline as a key intermediate. Base-induced C]C bond shift in
1,2-dihydrobenz[6,7]oxepino[4,3,2-cd]indoles affords isomeric 2,11-dihydrobenz[6,7]oxepino[4,3,2-
cd]indoles.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Some natural biologically active compounds feature peri-annu-
lated indole core.1 Thus, well-known lysergic acid derivatives A1b

contain an indole moiety fused with cyclohexane ring, while in the
molecules of welwitindolinones B,2 aurantioclavine,3 clavicipitic
acid4 the indole fragment is peri-annulated with seven-membered
carbo- and heterocycles (Fig. 1).
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Scheme 1.
In the course of investigations aimed at utilization of 2,4,6-tri-
nitrotoluene (TNT)5–9 earlier we synthesized 4,6-dinitro-1-tosy-
lindoline 1.10,11 Its structure includes nitro groups, susceptible to
et).

All rights reserved.
nucleophilic displacement, and acidic benzylic CH-protons, appar-
ently making it a promising intermediate in a synthesis of peri-
annulated systems with indole fragment C under the action of
reagents which molecules possess both nucleophilic and electro-
philic centers (Scheme 1).12
Reaction of 1 with benzaldehyde in the presence of a base (pi-
peridine) was previously shown to yield a product of Knoevenagel
condensationd3-benzylidene-4,6-dinitro-1-tosylindoline.13
2. Results and discussion

Meanwhile, the reaction with ortho-hydroxy benzaldehydes
(where the OH-group is a nucleophilic center and the CHO-group is
an electrophilic one) normally does not stop at condensation
products D and is accompanied by intramolecular nucleophilic
displacement of the nitro group with the phenolate-anion, result-
ing in oxepine ring closure (Scheme 2).14

The resulting red or orange 1,2-dihydrobenz[6,7]oxepino[4,3,2-
cd]indoles 2 under the action of a stronger base (DBU) rearrange
into colourless 2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]indoles 3
with a shift of the C]C bond from the oxepine ring into the pyrrole
(see Scheme 3 and Table 1). Energetic gain due to formation of the
aromatic indole system is the driving force of the rearrangement.

This approach to indole synthesis, featuring an endocyclic C-C
double bond shift in 3-(alkylidene)indolines, is not very common,
though such shifts induced by acids15 or bases16 are known.
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Table 1
Preparation of the compounds 2–4

R Yield of 2 (%) Yield of 3 (%) Yield of 4 (%)

H (a) 75 82 80
9-Br (b) 81 91 96
7-MeO (c) 68 92 90
7-allyl (d) 76 87 86
7,9-Cl2 (e) 68a 96

a Prepared directly from 1 in refluxing C6H5Cl, see Scheme 4.
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N-Tosylindoles 3 undergo smooth detosylation by KOH in MeOH
furnishing NH-indoles 4.

Under the same conditions, a reaction of the indoline 1 with 5-
nitrosalicylic and 3,5-dichlorosalycilic aldehydes affords 3-(2-
hydroxybenzylidene)indolines 5 instead of cyclization products
(Scheme 4)dobviously, because of the lower nucleophilicity of the
corresponding phenolate anions due to the electron-withdrawing
substituents in the ring. However, the cyclization does take place at
higher temperature (when refluxing chlorobenzene is used instead
of benzene as a solvent). Under these conditions, the concomitant
shift of the C]C bond occurs as well, and 2,11-dihydro-
benz[6,7]oxepino[4,3,2-cd]indoles 3e,f are formed directly (1,2-
dihydro derivatives 2 were not isolated).

2D 1H NOESY spectrum of the compound 5b provides evidence
for (Z)-configuration of 3-(2-hydroxybenzylidene)indolines 5
(Fig. 2). A cross-peak between the signals of H-2 (d 5.11) and H-60

(d 8.14) is observed in the spectrum, while a cross-peak between
the signals of H-2 and ]CH (d 7.12) is absent (for comparison, 2D 1H
NOESY spectrum of oxepinoindole 2a features a strong cross-peak
between the corresponding signals H-1 (d 4.75) and H-11 (d 6.49).
Thus, a base-induced (Z)-(E)-isomerization should apparently
precede the cyclization of 5a,b to 3e,f (such isomerization seems
quite plausible in the phenolates like D, see Scheme 2).

An interesting transformation of the oxepinoindoles 2 consists
of their bromination and subsequent nucleophilic substitution.
Bromination17 of 2a affords 11-bromo derivative 6, which could be
converted to ethers 7a,b simply by refluxing it in the corresponding
alcohols (MeOH, EtOH) (Scheme 5):
Probably, such a smooth alcoholysis is due to a SN1 reaction
mechanism and the high stability of the corresponding carbocation
in the 11 position.18

3. Conclusion

Reaction of 4,6-dinitro-1-tosylindoline, prepared in 3 steps from
TNT, with o-hydroxybenzaldehydes proceeds via intermediate
(Z)-3-(o-hydroxybenzylidene)indolines (which were isolated in
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some cases) and affords 1,2-dihydrobenz[6,7]oxepino[4,3,2-cd]in-
doles. Base-induced C]C bond shift in the latter results in isomeric
2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]indoles, while bromination
of 1,2-dihydrobenz[6,7]oxepino[4,3,2-cd]indoles and subsequent
nucleophilic displacement yields 11-substituted derivatives. Thus,
TNT could be used for a synthesis of a novel class of peri-annulated
indoles.

4. Experimental

4.1. General

1H NMR spectra were recorded on a Bruker AM-300 and Bruker
DRX500 spectrometers (300.13 and 500.13 MHz, respectively); 13C
NMR spectra were recorded on a Bruker DRX500 spectrometer
(125.75 MHz). Mass-spectra were measured on a Kratos MS-30
instrument (EI, 70 eV). IR spectra were obtained on a ‘Specord
M80–2’ spectrometer.

4.2. Synthetic procedures

Caution. Both we and other researchers encountered no diffi-
culties in working with multi-gram quantities of TNT19 (the same is
true for the compound 1 as well). Nevertheless, polynitroaromatic
compounds are potential explosives, so proper protective measures
(shields, glasses) should be used during experiments with these
materials. Scale-up of the reported reactions requires appropriate
chemical hazards testing.

4.2.1. Preparation of N-tosyl-1,2-dihydrobenz[6,7]oxepino[4,3,2-
cd]indoles 2a–d and 3-(2-hydroxybenzylidene)indolines 5a,b
(general procedure)

To a suspension of indoline 1 (1.82 g, 5 mmol) and the corre-
sponding ortho-hydroxy benzaldehyde (5 mmol) in benzene
(5 mL), piperidine (0.45 g, 5.3 mmol) was added, and the mixture
was stirred at reflux for 30 min. The resulting thick suspension was
cooled to rt, diluted with MeOH, and filtered. The precipitate was
washed with MeOH (5 mL) and dried. For isolation of 3-(2-
hydroxybenzylidene)indolines, the mixture was acidified with
AcOH (1 mL) before filtration.

4.2.1.1. 4-Nitro-2-(p-toluenesulphonyl)-1,2-dihydrobenz[6,7]oxepino-
[4,3,2-cd]indole 2a. Yield 75%. Orange-red crystals, mp 236–238 �C
(DMF).13 1H NMR (DMSO-d6, d): 2.35 (s, 3H, Ts), 4.75 (s, 2H, H-1),
6.49 (br s, 1H, H-11), 7.06 (d, J¼8.0 Hz, 1H, H-7), 7.09–7.14 (m, 2H),
7.30–7.33 (m, 1H), 7.43 (d, J¼8.3 Hz, 2H, Ts), 7.50 (s, 1H, H-5), 7.78 (d,
J¼8.3 Hz, 2H, Ts), 7.92 (s, 1H, H-3). 13C NMR (DMSO-d6, d): 21.1, 55.3,
105.0, 110.7, 122.2, 125.3, 126.1, 127.3 (2CH), 127.8, 128.1, 130.5 (2CH),
131.5, 131.6 (2CH), 132.5, 144.1, 145.4, 150.7, 152.3, 152.9. EIMS
(70 eV) (m/z, I, %): 420 [Mþ, 42], 265 [29], 219 [100], 91 [40]. Anal.
Calcd for C22H16N2O5S: C, 62.85; H, 3.84; N, 6.66; S, 7.63. Found, %: C,
63.13; H, 3.66; N, 6.68; S, 7.78. IR (nmax, KBr): 1524, 1368, 1336, 1160,
1124, 1100, 672.

4.2.1.2. 9-Bromo-4-nitro-2-(p-toluenesulphonyl)-1,2-dihydrobenz[6,7]-
oxepino[4,3,2-cd]indole 2b. Yield 81%. Bright-yellow needles, mp
268–270 �C (DMF). 1H NMR (DMSO-d6, d): 2.43 (s, 3H, Ts), 4.68 (s, 2H,
H-1), 6.34 (br s, 1H, H-11), 6.87 (d, J¼8.0 Hz, 1H, H-7), 7.20 (s, 1H, H-
10), 7.32 (d, J¼8.0 Hz, 1H, H-8), 7.35–7.42 (m, 3H), 7.75 (d, J¼8.3 Hz,
2H, Ts), 7.97 (s,1H, H-3). 13C NMR (DMSO-d6, d): 21.0, 55.3,105.1,110.5,
117.8, 123.6, 124.1, 127.2 (2CH), 130.2, 130.4 (2CH), 132.5, 133.0, 133.2,
133.5, 144.3, 145.4, 150.9, 152.0. EIMS (70 eV) (m/z, I, %): 500 [Mþ, 24],
498 [Mþ, 26], 345 [58], 343 [58], 299 [78], 297 [100], 91 [77]. Anal.
Calcd for C22H15BrN2O5S: C, 52.92; H, 3.03; N, 5.61; S, 6.42. Found: C,
53.25; H, 2.88; N, 5.60; S, 6.20. IR (nmax, KBr): 1536, 1368, 1340, 1168,
1104, 664, 580.
4.2.1.3. 7-Methoxy-4-nitro-2-(p-toluenesulphonyl)-1,2-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 2c. Yield 68%. Red crystals, mp 246–
248 �C (DMF). 1H NMR (DMSO-d6, d): 2.42 (s, 3H, Ts), 3.85 (s, 3H,
OMe), 4.70 (s, 2H, H-1), 6.42 (br s, 1H, H-11), 6.61 (d, J¼8.0 Hz, 1H,
H-8), 6.95–7.00 (m, 2H), 7.38 (d, J¼8.2 Hz, 2H, Ts), 7.41 (s, 1H, H-5),
7.76 (d, J¼8.2 Hz, 2H, Ts), 7.98 (s, 1H, H-3). EIMS (70 eV) (m/z, I, %):
450 [Mþ, 56], 295 [60], 249 [100], 91 [82]. Anal. Calcd for
C23H18N2O6S: C, 61.32; H, 4.03; N, 6.22; S, 7.12. Found: C, 61.11; H,
3.90; N, 6.54; S, 7.00. IR (nmax, KBr): 1525, 1370, 1335, 1160, 1125,
1103, 665.

4.2.1.4. 7-Allyl-4-nitro-2-(p-toluenesulphonyl)-1,2-dihydrobenz[6,7]-
oxepino[4,3,2-cd]indole 2d. Yield 76%. Orange crystals, mp 240–
242 �C (DMF). 1H NMR (DMSO-d6, d): 2.41 (s, 3H, Ts), 3.48 (d,
J¼7.4 Hz, 2H), 4.69 (s, 2H, H-1), 5.03–5.08 (m, 2H), 5.94–5.97 (m,
1H), 6.42 (br s, 1H, H-11), 6.92 (d, J¼8.1 Hz, 1H, H-10), 6.98 (t,
J¼8.0 Hz, 1H, H-9), 7.12 (d, J¼8.0 Hz, 1H, H-8), 7.40 (m, 3H), 7.76 (d,
J¼8.3 Hz, 2H, Ts), 7.97 (s, 1H, H-3). 13C NMR (DMSO-d6, d): 21.1, 55.3,
105.0, 110.9, 116.0, 125.7, 125.8, 127.2 (2CH), 128.2, 128.4, 129.8,
130.4 (2CH), 131.2, 132.5, 132.7, 136.8, 144.0, 145.4, 150.5, 152.0.
EIMS (70 eV) (m/z, I, %): 460 [Mþ, 50], 305 [54], 259 [81], 91 [100].
Anal. Calcd for C25H20N2O5S: C, 65.20; H, 4.38; N, 6.08; S, 6.96.
Found: C, 64.85; H, 4.56; N, 6.32; S, 7.19. IR (nmax, KBr): 1528, 1368,
1340, 1164, 1120, 664.

4.2.1.5. 3-(2-Hydroxy-3,5-dichlorobenzylidene)-4,6-dinitro-1-(p-tol-
uenesulphonyl)-2,3-dihydroindole 5a. Yield 59%. Orange powder,
mp 216–217 �C (MeCN). 1H NMR (DMSO-d6, d): 2.43 (s, 3H, Ts), 4.95
(br s, 2H, H-2), 7.17–7.23 (m, 2H), 7.36 (s, 1H), 7.40 (d, J¼8.3 Hz, 2H),
7.86 (d, J¼8.3 Hz, 2H), 8.28 (s, 1H), 8.43 (s, 1H), 9.90 (br s, 1H, OH).
13C NMR (DMSO-d6, d): 21.1, 54.9, 111.0, 115.0, 122.4, 123.5, 123.7,
125.9, 127.0, 127.2, 127.5 (2CH), 128.3, 129.8, 130.5 (2CH), 132.6,
144.2, 145.3, 145.8, 147.9, 150.1. Anal. Calcd for C22H15Cl2N3O7S: C,
49.27; H, 2.82; N, 7.83; S, 5.98. Found: C, 49.25; H, 2.95; N, 8.14; S,
5.71. IR (nmax, KBr): 3504, 1536, 1372, 1344, 1172, 664.

4.2.1.6. 3-(2-Hydroxy-5-nitrobenzylidene)-4,6-dinitro-1-(p-toluene-
sulphonyl)-2,3-dihydroindole 5b. Yield 61%. Orange powder, mp
227–230 �C (MeCN). 1H NMR (DMSO-d6, d): 2.37 (s, 3H, Ts), 5.11 (d,
J¼3.1 Hz, 2H, H-2), 7.09 (d, J¼8.9 Hz, 1H, H-30), 7.12 (t, J¼3.1 Hz, 1H,
]CH), 7.42 (d, J¼8.3 Hz, 2H, Ts), 7.83 (d, J¼8.3 Hz, 2H, Ts), 8.14 (d,
J¼2.7 Hz, 1H, H-60), 8.17 (dd, J¼8.9, 2.7 Hz,1H, H-40), 8.39 (d, J¼2.0 Hz,
1H, H-7), 8.45 (d, J¼2.0 Hz, 1H, H-5), 11.72 (br s, 1H, OH). 13C NMR
(DMSO-d6, d): 21.0, 54.9, 110.9, 114.8, 115.9, 122.2, 122.6, 124.7, 126.4,
127.1, 127.2 (2CH), 128.0, 130.4 (2CH), 132.5, 139.6, 144.1, 145.3, 145.6,
147.7, 161.5. Anal. Calcd for C22H16N4O9S: C, 51.56; H, 3.15; N, 10.93; S,
6.26. Found: C, 51.35; H, 2.97; N, 11.10; S, 6.49. IR (nmax, KBr): 3497,
1534, 1515, 1370, 1338, 1168, 665.

4.2.2. Preparation of N-tosyl-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]-
indoles 3a–d (general procedure)

To a suspension of 1,2-dihydrobenz[6,7]oxepino[4,3,2-cd]indole
2a–d (4 mmol) in benzene (10 mL), DBU (0.10 g, 0.65 mmol) was
added and the mixture was refluxed for 1 h. The resulting homo-
geneous solution was evaporated to dryness, to the residue MeOH
(5 mL) was added, the precipitate filtered off, washed with MeOH
(5 mL), and dried.

4.2.2.1. 4-Nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz[6,7]oxepino-
[4,3,2-cd]indole 3a. Yield 82%. Mp 196–198 �C (benzene).13 1H NMR
(DMSO-d6, d): 2.36 (s, 3H, Ts), 4.16 (s, 2H, H-11), 7.11 (t, J¼8.1 Hz, 1H),
7.20–7.30 (m, 2H), 7.33 (d, J¼8.0 Hz, 1H), 7.37 (d, J¼8.2 Hz, 2H, Ts),
7.80 (s,1H), 7.84 (s,1H), 7.88 (d, J¼8.2 Hz, 2H, Ts), 8.45 (s,1H, H-3). 13C
NMR (DMSO-d6, d): 21.1, 28.8, 105.2, 107.7, 118.7, 122.2, 125.6, 125.9,
126.9 (2CH), 127.3, 128.3, 128.7, 130.7 (2CH), 131.8, 133.8, 134.1, 145.5,
146.3, 150.4, 156.9. Anal. Calcd for C22H16N2O5S: C, 62.85; H, 3.84; N,
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6.66; S, 7.63. Found: C, 62.98; H, 4.13; N, 6.39; S, 7.51. IR (nmax, KBr):
1525, 1338, 1245, 1181, 1082, 675.

4.2.2.2. 9-Bromo-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 3b. Yield 91%. Mp 192–195 �C (ben-
zene). 1H NMR (DMSO-d6, d): 2.38 (s, 3H, Ts), 4.17 (s, 2H, H-11), 7.21
(d, J¼8.2 Hz, 1H), 7.32–7.40 (m, 3H), 7.52 (s, 1H, H-10), 7.82 (s, 2H,
H-1 and H-5), 7.88 (d, J¼8.3 Hz, 2H, Ts), 8.48 (s, 1H, H-3). 13C NMR
(DMSO-d6, d): 21.0, 28.3, 105.4, 107.7, 117.6, 117.8, 124.5, 125.9, 126.8
(2CH), 130.6 (2CH), 131.3, 133.0, 133.7, 134.0, 134.3, 145.4, 146.3,
149.8, 156.1. EIMS (70 eV) (m/z, I, %): 500 [Mþ, 95], 498 [Mþ, 100],
299 [43], 297 [36], 155 [48], 91 [74]. Anal. Calcd for C22H15BrN2O5S:
C, 52.92; H, 3.03; N, 5.61; S, 6.42. Found: C, 53.15; H, 2.91; N, 5.77;
S, 6.26. IR (nmax, KBr): 1524, 1336, 1240, 1176, 1124, 1088, 672, 580.

4.2.2.3. 7-Methoxy-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 3c. Yield 92%. Mp 229–231 �C (ben-
zene). 1H NMR (DMSO-d6, d): 2.37 (s, 3H, Ts), 3.86 (s, 3H, OMe), 4.14
(s, 2H, H-1), 6.86 (d, J¼8.0 Hz, 1H, H-10), 6.91 (d, J¼8.1 Hz, 1H, H-8),
7.03 (t, J¼8.0 Hz, 1H, H-9), 7.37 (d, J¼8.3 Hz, 2H, Ts), 7.80 (s, 2H, H-1
and H-5), 7.86 (d, J¼8.3 Hz, 2H, Ts), 8.44 (s, 1H, H-3). 13C NMR
(DMSO-d6, d): 21.1, 28.7, 56.1, 105.5, 107.8, 112.0, 118.7, 121.6, 125.7,
126.0, 126.8 (2CH), 128.0, 130.7 (2CH),133.3, 133.8, 134.1, 145.4, 145.7,
146.3, 150.3, 152.2. Anal. Calcd for C23H18N2O6S: C, 61.32; H, 4.03; N,
6.22; S, 7.12. Found, %: C, 61.08; H, 3.95; N, 6.37; S, 6.90. IR (nmax, KBr):
1522, 1335, 1240, 1185, 1085, 671.

4.2.2.4. 7-Allyl-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz[6,7]-
oxepino[4,3,2-cd]indole 3d. Yield 87%. Mp 163–164 �C (benzene). 1H
NMR (DMSO-d6, d): 2.37 (s, 3H, Ts), 3.60 (d, J¼7.4 Hz, 2H), 4.15 (s, 2H,
H-11), 5.02–5.08 (m, 2H), 5.95–5.98 (m, 1H), 7.03 (t, J¼8.0 Hz, 1H, H-
9), 7.09 (d, J¼8.1 Hz, 1H), 7.19 (d, J¼8.0 Hz, 1H, H-8), 7.38 (d, J¼8.3 Hz,
2H, Ts), 7.81 (s, 2H, H-1 and H-5), 7.88 (d, J¼8.3 Hz, 2H, Ts), 8.45 (s,
1H, H-3). Anal. Calcd for C25H20N2O5S: C, 65.20; H, 4.38; N, 6.08; S,
6.96. Found: C, 65.00; H, 4.49; N, 6.23; S, 7.25. IR (nmax, KBr): 1525,
1332, 1237, 1182, 1080, 672.

4.2.3. Preparation of N-tosyl-2,11-dihydrobenz[6,7]oxepino[4,3,2-
cd]indoles 3e,f from indoline 1

To a suspension of indoline 1 (1.82 g, 5 mmol) and the corre-
sponding ortho-hydroxy benzaldehyde (5 mmol) in chlorobenzene
(5 mL), piperidine (0.45 g, 5.3 mmol) was added, and the mixture
was stirred at reflux for 2 h. The resulting thick suspension was
cooled to rt, diluted with MeOH (5 mL), and filtered. The precipitate
was washed with MeOH (5 mL) and dried.

4.2.3.1. 7,9-Dichloro-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 3e. Yield 68%. Mp 240–242 �C (benzene).
1H NMR (DMSO-d6, d): 2.37 (s, 3H, Ts), 4.23 (s, 2H, H-11), 7.34–7.43 (m,
4H), 7.86–7.92 (m, 4H), 8.51 (s, 1H, H-3). 13C NMR (DMSO-d6, d): 21.1,
28.5, 106.1, 107.9, 117.0, 126.4, 126.9 (2CH), 127.1, 127.8, 128.4, 129.2,
129.8, 130.7 (2CH), 133.7, 134.0, 135.7, 145.4, 146.4, 148.7, 151.0. Anal.
Calcd for C22H14Cl2N2O5S: C, 54.00; H, 2.88; N, 5.72; S, 6.55. Found: C,
53.71; H, 2.84; N, 6.09; S, 6.72. IR (nmax, KBr): 1525, 1340, 1234, 1180,
1085, 670.

4.2.3.2. 4,9-Dinitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz[6,7]-
oxepino[4,3,2-cd]indole 3f. Yield 66%. Mp 270–275 �C (DMF)
(decomp.). 1H NMR (DMSO-d6, d): 2.32 (s, 3H, Ts), 4.38 (s, 2H, H-
11), 7.43 (d, J¼8.3 Hz, 2H, Ts), 7.66 (d, J¼8.8 Hz, 1H), 7.95 (d,
J¼8.3 Hz, 2H, Ts), 8.02 (d, J¼1.8 Hz, 1H, H-5), 8.04 (s, 1H, H-1), 8.19
(dd, J¼8.8, 2.8 Hz, 1H), 8.36 (d, J¼2.8 Hz, 1H), 8.50 (d, J¼1.8 Hz, 1H,
H-3). 13C NMR (DMSO-d6, d): 21.1, 28.5, 105.7, 108.0, 117.2, 123.9,
124.2, 126.1, 126.6, 126.9 (2CH), 130.7 (2CH), 133.4, 133.6, 134.0,
144.3, 145.5, 146.4, 149.0, 161.4. EIMS (70 eV) (m/z, I, %): 465 [Mþ,
49], 218 [30], 155 [77], 91 [100]. Anal. Calcd for C22H15N3O7S: C,
56.77; H, 3.25; N, 9.03; S, 6.89. Found: C, 56.62; H, 3.40; N, 8.82; S,
7.15. IR (nmax, KBr): 1532, 1512, 1344, 1296, 1236, 1180, 1084, 672.

Using the same procedure, the compound 3e could be prepared
from 5a in 71% yield.

4.2.4. Preparation of NH-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]-
indoles 4a–e (general procedure)

A suspension of N-tosyl-2,11-dihydrobenz[6,7]oxepino[4,3,2-
cd]indole 3a–e (4 mmol) and KOH (0.84 g, 15 mmol) in MeOH
(20 mL) was refluxed for 40 min and poured into 1 N HCl (50 mL).
The resulting precipitate was filtered off and dried.

4.2.4.1. 4-Nitro-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]indole 4a. Yield
80%. Mp 242–243 �C (MeCN). 1H NMR (DMSO-d6, d): 4.21 (s, 2H, H-
11), 7.14 (t, J¼8.2 Hz, 1H), 7.28 (t, J¼8.1 Hz, 1H), 7.35–7.39 (m, 2H), 7.55
(s, 1H), 7.58 (s, 1H), 8.08 (s, 1H), 11.59 (s, 1H, NH). 13C NMR (DMSO-d6,
d): 29.5, 101.8, 104.9, 112.2, 122.3, 124.6, 125.2, 126.3, 128.2, 130.5,
133.8,135.4,142.7,149.9,157.2. Anal. Calcd for C15H10N2O3: C, 67.67; H,
3.79; N, 10.52. Found: C, 67.59; H, 3.93; N, 10.80. IR (nmax, KBr): 3342,
1515, 1470, 1356, 1335.

4.2.4.2. 9-Bromo-4-nitro-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]indole
4b. Yield 96%. Mp 235–237 �C (MeCN). 1H NMR (DMSO-d6, d): 4.21 (s,
2H, H-11), 7.33 (d, J¼8.2 Hz, 1H, H-7), 7.45 (d, J¼8.2 Hz, 1H, H-8), 7.55
(s, 1H), 7.59 (s, 1H), 7.63 (s, 1H, H-10), 8.09 (s, 1H), 11.62 (s,1H, NH). 13C
NMR (DMSO-d6, d): 28.9, 101.9, 105.1, 111.3, 116.9, 124.2, 124.6, 126.6,
130.8, 132.8, 135.4, 136.4, 142.6, 149.3, 156.5. Anal. Calcd for
C15H9BrN2O3: C, 52.20; H, 2.63; N, 8.12. Found: C, 52.31; H, 2.64; N,
7.89. IR (nmax, KBr): 3368, 1516, 1472, 1348, 1332.

4.2.4.3. 7-Methoxy-4-nitro-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]in-
dole 4c. Yield 90%. Mp 234–238 �C (MeCN) (decomp.). 1H NMR
(DMSO-d6, d): 3.85 (s, 3H, OMe), 4.19 (s, 2H, H-11), 6.93 (d, J¼8.0 Hz,
1H), 7.00 (d, J¼8.0 Hz, 1H), 7.06 (t, J¼8.0 Hz, 1H), 7.51 (s, 1H), 7.53 (s,
1H), 8.07 (s, 1H), 11.53 (s, 1H, NH). 13C NMR (DMSO-d6, d): 29.3, 56.1,
102.1, 105.0, 111.6, 112.1, 121.6, 125.2, 125.3, 126.3, 135.3, 135.4, 142.5,
145.9, 149.7, 152.4. EIMS (70 eV) (m/z, I, %): 296 [Mþ, 100], 265 [59],
249 [55], 235 [31]. Anal. Calcd for C16H12N2O4: C, 64.86; H, 4.08; N,
9.46. Found: C, 65.01; H, 4.14; N, 9.20. IR (nmax, KBr): 3328, 1512,
1472, 1332, 1296, 1080, 760.

4.2.4.4. 7-Allyl-4-nitro-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]indole
4d. Yield 86%. Mp 165–166 �C (MeCN). 1H NMR (DMSO-d6, d): 3.63
(d, J¼7.4 Hz, 2H), 4.19 (s, 2H, H-11), 5.05 (m, 2H), 6.01 (m, 1H), 7.06
(t, J¼8.0 Hz, 1H, H-9), 7.14 (d, J¼8.1 Hz, 1H), 7.24 (d, J¼8.0 Hz, 1H),
7.53 (s, 1H), 7.59 (s, 1H), 8.08 (s, 1H), 11.56 (s, 1H, NH). Anal. Calcd for
C18H14N2O3: C, 70.58; H, 4.61; N, 9.15. Found: C, 70.30; H, 4.82; N,
8.88. IR (nmax, KBr): 3354, 1522, 1455, 1346, 1335, 1075.

4.2.4.5. 7,9-Dichloro-4-nitro-2,11-dihydrobenz[6,7]oxepino[4,3,2-cd]in-
dole 4e. Yield 96%. Mp 295–298 �C (MeCN). 1H NMR (DMSO-d6, d):
4.27 (s, 2H, H-11), 7.52 (d, J¼2.4 Hz, 1H), 7.57 (s, 1H), 7.59 (d, J¼2.4 Hz,
2H), 7.62 (s, 1H), 8.12 (s, 1H), 11.67 (s, 1H, NH). 13C NMR (DMSO-d6, d):
29.0, 102.3, 105.7, 110.4, 124.2, 126.9, 127.7, 128.9, 129.0, 135.3, 137.7,
142.5, 148.1, 151.2. Anal. Calcd for C15H8Cl2N2O3: C, 53.76; H, 2.41; N,
8.36. Found: C, 53.56; H, 2.49; N, 8.67. IR (nmax, KBr): 3424,1528, 1448,
1352, 1336.

4.2.5. Preparation of N-tosyl-11-alkoxy-2,11-dihydrobenz[6,7]-
oxepino[4,3,2-cd]indoles 7 (general procedure)

To a suspension of 2a (4 mmol) in CHCl3 (10 mL), Br2 (0.64 g,
4 mmol) was added dropwise for 15 min under stirring. The re-
action mixture was stirred for a further 10 min, then Et3N (0.40 g,
4 mmol) was added to the resulting solution, and stirring was
continued for 5 min. The reaction mixture was filtered, the filtrate
evaporated to dryness, and the residual oily bromide 6 was
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dissolved in MeOH or EtOH (10 mL), refluxed for 30 min, and the
solvent was evaporated. The residue was crystallized from MeCN.

4.2.5.1. 11-Bromo-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 6. Yield of the crude product 94%.
Brown oil. 1H NMR (CDCl3, d): 2.38 (s, 3H), 6.19 (s, 1H), 7.16 (t,
J¼7.8 Hz, 1H), 7.30–7.40 (m, 5H), 7.80 (s, 1H), 7.84 (d, J¼8.3 Hz, 2H),
7.98 (s, 1H), 8.57 (s, 1H).

4.2.5.2. 11-Methoxy-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 7a. Yield 83%. Mp 115–120 �C (benzene).
1H NMR (DMSO-d6, d): 2.32 (s, 3H, Ts), 3.22 (s, 3H), 5.40 (s, 1H, H-11),
7.23 (t, J¼7.9 Hz, 1H), 7.36–7.40 (m, 2H), 7.43 (d, J¼8.3 Hz, 2H, Ts), 7.48
(d, J¼8.1 Hz, 1H), 7.89 (s, 1H), 7.94 (d, J¼8.3 Hz, 2H, Ts), 8.24 (s, 1H),
8.45 (s, 1H, H-3). 13C NMR (DMSO-d6, d): 21.1, 55.8, 75.8, 104.9, 107.7,
119.3, 122.9, 125.4, 125.8, 126.9 (2CH), 128.3, 130.5, 130.6, 130.7 (2CH),
132.0, 133.5, 134.3, 145.8, 146.5, 150.0, 155.5. EIMS (70 eV) (m/z, I, %):
450 [Mþ, 25], 419 [48], 155 [58], 91 [100]. Anal. Calcd for
C23H18N2O6S: C, 61.32; H, 4.03; N, 6.22; S, 7.12. Found: C, 61.05; H,
3.84; N, 5.90; S, 7.17. IR (nmax, KBr): 1528, 1340, 1192, 1180, 1088, 672.

4.2.5.3. 11-Ethoxy-4-nitro-2-(p-toluenesulphonyl)-2,11-dihydrobenz-
[6,7]oxepino[4,3,2-cd]indole 7b. Yield 81%. Mp 185–186 �C (ben-
zene). 1H NMR (DMSO-d6, d): 1.07 (t, J¼7.3 Hz, 3H), 2.32 (s, 3H, Ts),
3.44 (q, J¼7.3 Hz, 2H), 5.56 (s,1H, H-11), 7.22–7.25 (m,1H), 7.34–7.39
(m, 2H), 7.43 (d, J¼8.3 Hz, 2H, Ts), 7.47 (d, J¼8.2 Hz, 1H), 7.89 (s, 1H),
7.93 (d, J¼8.3 Hz, 2H, Ts), 8.17 (s,1H), 8.45 (s,1H, H-3). Anal. Calcd for
C24H20N2O6S: C, 62.06; H, 4.34; N, 6.03; S, 6.90. Found: C, 61.92; H,
4.45; N, 5.70; S, 7.12. IR (nmax, KBr): 1528,1380,1340, 1180,1100, 672.
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