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The photostimulated reaction of enolate anions

of cyclic aromatic ketones such as substituted indan-1-

ones and 3,4-dihydro-2H-naphthalen-1-one with o-iodoaniline in DMSO affords 1-, 2-, 3-, and 4-methoxy-
5,10-dihydroindeno[1,2-b]indoles (34-40%), 1,2-, 1,4-, and 2,3-dimethoxy-5,10-dihydroindeno[1,2-b]-

indoles (31-43%), and 1-, 2-, and 3-methoxy-5,11
mechanism in one pot reactions.

J. Heterocyclic Chem., 43, 695 (2006).

Introduction.

The indole nucleus is present in a family of compounds
known to be pharmacologically active as well as in a
broad number of other bioactive molecules [1]. This fact
accounts for the continued interest in developing new,
efficient, and selective synthetic pathways toward these
compounds [2].

Classical approaches to indole synthesis include
the Fischer method [3]. Within this methodology,
the preparation of the N-arylhydrazones used as
substrates has recently been improved by means of
palladium catalysis [4]. Another approach utilized
in acidic media is the Bischler synthesis, which has
been modified in the last years by Moody [5]. More
recently, a new pathway toward the regioselective
synthesis of functionalized indoles and six-
membered benzo-fused N-, O-, and S- heterocycles
has been proposed. The key step of this procedure
involves the generation of a benzyne-tethered vinyl
or aryllithium compound that undergoes a subse-
quent intramolecular anionic cyclization to afford
indoles and tetrahydrocarbazoles, among other het-
erocycles [6].

In the indole synthesis area, as in others of organic syn-
thesis, the contribution of transition-metal chemistry has
been very important. Thus, transition-metal-based reac-
tions and particularly palladium-catalyzed protocols [7]

-dihydro-6H-benzo[a]carbazoles (42-61%) by the Siy1

have been widely employed providing increased func-
tional group tolerance and improved yields. In this field,
the preparation of 2-aryl and 2-heteroaryl indoles from 1-
alkynes and o-iodotrifluoroacetanilide by a copper-
catalyzed coupling-cyclization process has been reported
more recently [8].

The radical nucleophilic substitution mechanism
(Sgn1l) is another interesting methodology through
which different indoles have been obtained. Within
this approach, one of the most widely studied path-
ways to ring closure reactions is the Sgyl substitution
of aromatic compounds that have an appropriate sub-
stituent ortho- to the leaving group [9]. Following this
methodology, the indole synthesis is based on the elec-
tron transfer catalyzed nucleophilic substitution of an
aromatic halide that bears an amino group ortho- to
the leaving halide. The substitution product obtained
by reaction of this type of substrates with carbanions
from acyclic aliphatic and aromatic ketones spontane-
ously cyclizes to furnish 2-substituted indoles in good
yields, as indicated for o-iodoaniline (1) in equation 1
[10,11].
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The scope of the Sgy1 mechanism in ring closure reac-
tions is based on the excellent yields of new C-C bond
formation usually achieved by reaction of unactivated
aromatic and heteroaromatic substrates (halides being the
most widely used leaving groups) with carbanions
[12,13], where the reactions are usually performed under
photo-initiation in liquid ammonia or in DMSO as sol-
vents.

The mechanism is a chain process depicted in Scheme
1. The initiation step is an electron transfer from the nu-
cleophile to the substrate to afford a radical anion (2). In
some systems the electron transfer step is spontaneous,
but in others light is required to induce the reaction. The
propagation steps consist of the fragmentation of the radi-
cal anion 2 to afford an aromatic radical 3 and the nucleo-
fugal group. The radical 3 then couples with the nucleo-
phile to afford a radical anion 4, which by electron trans-
fer to the substrate forms the intermediate necessary to
continue the propagation cycle. Overall, Scheme 1 depicts
a nucleophilic substitution in which radicals and radical
anions are intermediates.

Scheme 1
Initiation Step
ArX + Electron Donor —>  (ArX) .
2

Propagation Steps
2 — Ar' + X~
3
3 + Nu — (ANu) *
4
4 + ArX — ArNu + 2

Fused indoles are important molecules due to their
pharmaceutical applications. Besides, they can also be
precursors to other planar molecules. Within this subject
we have previously informed about the Sgy1 synthesis,
with good yields, of 5,10-dihydroindenol[1,2-b]indole (6a)
and 5,11-dihydro-6H-benzo[a]carbazole (6b) by photo-
stimulated reaction of enolate ions of 1-indanone (5a)
and 1-tetralone (5b) respectively, with 1 in DMSO or in
liquid ammonia (equation 2) [14].
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We now report an extension of our methodology to the
synthesis of methoxy substituted dihydroindeno[1,2-b]-
indoles and dihydrobenzo[a]carbazoles. A wide range of
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different mono and disubstitution positions is being re-
port. The value of this approach is based on the fact that
methoxy functionalized tetracyclic indoles can be easily
prepared under mild conditions in one-pot reaction from
readily accessible starting materials. Besides, the presence
of methoxy-substituents on indole or carbazole nucleus
might change their biological activity. For instances, some
methoxy indole alkaloids exhibit strong effects on the
nervous system [15]. Extensive studies on indole bioiso-
steres of melatonin have demonstrated that suitable
spaced methoxy moieties are important for binding and
activation of the melatonin receptors [16].

Results and Discussion.

Following the Syyl approach, substrate 1 was reacted
under irradiation with the enolate anion of methoxy-
indan-1-ones (7a-d) to give methoxy-5,10-dihydroindeno-
[1,2-blindoles (8a-d) in 34-40% yield (experiments 1-4,
Table 1) (equation 3).

Unfortunately, in addition to the desired product, we
also observed aniline. A plausible route to this compound
is the reduction of the radicals by hydrogen abstraction
from ammonia [17].
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7a, 4-methoxy
7b, 5-methoxy
7¢, 6-methoxy
7d, 7-methoxy

8a, 1-methoxy
8b, 2-methoxy
8c, 3-methoxy
8d, 4-methoxy

Similar yields are observed when the dimethoxy deriva-
tives of the indan-1-ones are employed as nucleophiles.
The 4,5-, 4,7-, and 5,6-dimethoxy derivatives 9a-c were
inspected. The photostimulated reaction of these nucleo-
philes with 1 gives dimethoxy-5,10-dihydro[1,2-b]indoles
(10a-¢) in 31-43% yields (experiments 5-7, Table 1)
(equation 4).
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9a, 4,5-dimethoxy
9b, 4,7-dimethoxy
9¢, 5,6-dimethoxy

10a, 1,2-dimethoxy
10b, 1,4-dimethoxy
10c, 2,3-dimethoxy

The preparation of methoxy carbazoles was also
achieved. The photostimulated reaction of 1 with
methoxy-3,4-dihydro-2H-naphthalen-1-one enolate ions
(11a-c) in DMSO affords methoxy-5,11-dihydro-6H-
benzo[a]carbazoles (12a-c¢) in 42-61% yields (ex-
periments 8-10, Table 1) (equation 5).



May-Jun 2006

Table 1

Photostimulated Reaction of 1 with Ketone Enolate Tons [a]

Expt. 1 Nucleophile X Indole Aniline

(mmol) (mmol) (%)[b] (%)lc] (%)lc]
1 0.50 7a (2.00) 98 8a (34) 37
2 0.75 7b (3.00) 87 8b (40) 37
3 0.75 7¢ (3.00) 93 8c(35)[d] 34
4 0.50 7d (2.00) 100 8d(34) 49
5 0.62 9a (2.50) 99 10a(43) 37
6 0.62 9b (2.50) 92 10b(31) 46
7 0.55 9¢ (2.20) 93 10c (43) 41
8 0.50 11a (2.00) 94 12a(61) 40
9 0.50 11b (2.00) 93 12b(42) 45
10 050 11c (2.00) 93 12¢(49) 36

[a] Photostimulated reactions carried out under N, at 40°C in 10 mL of
DMSO. [b] Determined potentiometrically. [c] Determined by GC by
the internal standard method. [d] Isolated yield.
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11a, 5-methoxy
11b, 6-methoxy
11c, 7-methoxy

12a, 1-methoxy
12b, 2-methoxy
12¢, 3-methoxy

Conclusions.

The photostimulated reactions of several mono- and di-
substituted cyclic ketone enolate ions derived from 1-
tetralone and 1-indanone with substrate 1 in DMSO afford
fused indoles in acceptable yields by the Sgy1 mechanism
(34-61%) together with the reduced product aniline. Con-
sidering the availability/simplicity of the starting materials,
and the readiness of the procedure, this reaction becomes a
valid alternative to the synthesis of tetracyclic indoles.

The wide range of mono- and dimethoxy substitution posi-
tions covered makes the system of special interest in the field
of biological assays and in synthetic organic chemistry.

EXPERIMENTAL

'H nmr (200.13 MHz) and "*C nmr (50.32 MHz) spectra were
recorded on a Bruker AC 200 nuclear magnetic resonance spec-
trometer with CDCl;, CD;COCD; or DMSO-d; as solvent. Cou-
pling constants (J) are given in Hz units. Mass spectra were
obtained with a GC/MS Shimadzu QP5050A. Melting points
were recorded on Biichi 510 and were uncorrected. Gas chroma-
tographic analyses were performed with a Hewlett Packard 5890
series II with a flame ionization detector using a HP1 column
(0.53 mm x 5m) and a HP data system. The purification of the
products was done with radial tlc using silica gel 60 PF-254 with
calcium sulfate (Merck). The distillation at reduced pressure was
performed in a Kuigelrohr. Irradiation was performed in a reactor
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equipped with two 400-W lamps emitting maximally at 350 nm
(Philips Model HPT, air and water refrigerated). Potentiometric
titration of halide ions was performed in a pH meter using an
Ag/Ag+ electrode.

t-BuOK was commercially available and used as received.
DMSO was distilled under vacuum and stored over molecular
sieves (4A). o-lodoaniline, 5-methoxy-3,4-dihydro-2H-naphth-
alen-1(2H)-one (11a), 6-methoxy-3,4-dihydro-2H-naphthalen-
1(2H)-one (11b), and 7-methoxy-3,4-dihydro-2H-naphthalen-
1(2H)-one (11c) were commercially available and distilled
under reduced pressure in the Kiugelrohr. The substituted
1-indanones 7a-d, and 9a-c, were prepared according to well
established methods [18-24].

4-Methoxyindan-1-one (7a). mp 102° (lit [18] mp 103-104°);
'H nmr (CDCL,): § 7.33 (m, 2H), 7.01 (m, 1H), 3.89 (s, 3H),
3.02 (t, 2H), 2.64 (t, 2H).

5-Methoxyindan-1-one (7b). mp 101° (lit [19] mp 108-
110.5°); 'H nmr (CDCl,): § 7.67 (m, 2H), 6.88 (m, 1H), 3.86 (s,
3H), 3.07 (t, 2H), 2.66 (t, 2H).

6-Methoxyindan-1-one (7c¢). mp 105-107° (lit [19] mp 108-
108.5°, lit [20] 107-109°); 'H nmr (CDCL,): § 7.35 (dd, 3H, J =
8.2,2.5 Hz), 7.17 (d, 1H, J = 2.5 Hz), 7.15 (d, 1H, J = 8.2 Hz),
3.76 (s, 3H), 3.05 (t, 2H), 2.70 (t, 2H).

7-Methoxyindan-1-one (7d). mp 104° (lit [21] mp 108°); 'H
nmr (CD;COCD;,): 8 7,49 (t, 1H,J =7.7,7.9 Hz), 6.99 (1H, d,J
=74Hz),6.79 (d, 1 H, J =8.2 Hz), 3.93 (s, 3H), 3.06 (t, 2H),
2.65 (t, 2H).

4,5-Dimethoxyindan-1-one (9a). mp 78-79° (lit [22] 82°, lit
[23] mp 74-75°); 'H nmr (CDCl,): 8 7.15 (d, 2H), 3.90 (s, 3H),
3.85 (s, 3H), 3.00 (t, 2H), 2.63 (t, 2H).

4,7-Dimethoxyindan-1-one (9b). mp 122-124° (lit [24] mp
124-125°); 'H mnr (CD,COCD): § 6.98 (d, 1H), 6.72 (d, 1H),
3.88 (s, 3H), 3.84 (s, 3H), 2.96 (t, 2H), 2.65 (t, 2H).

5,6-Dimethoxyindan-1-one (9¢). mp 117-120° (lit [19] mp
118.8-119.5°, 1it [23] 117-119°); 'H nmr (CDCL,): 8 7.15 (s, 1H),
6.86 (s, 1H), 3.94 (s, 3H), 3.87 (s, 3H), 3.02 (t, 2H), 2.64 (t, 2H).

General Procedure for the Photostimulated Reaction of Ketone
Enolate Ions 7a-d, 9a-c¢, and 11a-c with o-lodoaniline (1).

The following procedure is representative of all these reac-
tions. They were carried out in a 20 mL three-neck round-
bottomed flask equipped with a nitrogen inlet and magnetic
stitrer. To 10 mL of dry and degassed DMSO under nitrogen
was added 2.02 mmol (0.227 g) of +-BuOK and 2.0 mmol (0.352
g) of 3,4-dihydro-1-methoxy-2H-naphthalen-1-one (11a). After
15 minutes 1 (0.50 mmol, 0.109 g) was added and the reaction
mixture was irradiated for 180 minutes. The reaction was
quenched with an excess of ammonium nitrate and water (60
mL). The mixture was extracted three times with methylene
chloride (20 mL each), the organic extract was washed twice
with water, dried over Na,SO,, and quantified by gc using the
internal standard method. The iodide ions in the aqueous solu-
tion were determined potentiometrically. In other experiments,
the solvent was removed under reduced pressure. From the re-
maining residue product purification was accomplished by radial
tlc (eluted with petroleum ether (60-80°C):acetone).

1-Methoxy-5,10-dihydroindeno[1,2-b]indole (8a).

Compound 8a was purified by radial tlc. It was recrystallized
from benzene. White needles, mp 156-157°% 'H nmr (CDCL,): 8
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8.23 (s, 1H), 7.66-7.62 (m, 1H), 7.42-7.07 (m, 5H), 6.79 (d, 1H,
J = 8.0 Hz), 3.93 (s, 3H), 3.67 (s, 2H); "*C nmr (CDCL,): &
156.05, 143.22, 140.69, 136.46, 134.22, 128.26, 124.76, 121.93,
121.63, 120.18, 118.96, 112.04, 110.74, 107.86, 55.36, 27.51;
ms: m/z 236 (17), 235 (100), 234 (18), 220 (19), 205 (11), 204
(63), 192 (16), 191 (25), 190 (12), 118 (15), 102 (17), 96 (13).

Anal. Calcd. for C,(H,;NO: C, 81.68; H, 5.57; N, 5.95. Found:
C,81.52; H,5.58; N, 5.77.

2-Methoxy-5,10-dihydroindeno[1,2-b]indole (8b).

Compound 8b was purified by radial tlc. It was recrystallized
from ethyl alcohol, white crystals, mp 225-226° dec; 'H nmr
(DMSO-dy): & 11.43 (s, 1H), 7.52-7.39 (m, 3H), 7.18 (s, 1H),
7.08-6.97 (m, 2H), 6.92 (dd, 1H, J = 8.0, 2.2 Hz), 3.8 (s, 3H),
3.65 (s, 2H); *C nmr (DMSO-dy): § 157.54, 149.59, 143.42,
140.21, 128.19, 124.36, 120.30, 119.19, 118.11, 118.06, 112.29,
112.21, 112.16, 111.94, 55.31, 30.03; ms: m/z 236 (17), 235
(100), 234 (12), 221 (15), 220 (91), 192 (24), 191 (38), 190 (19),
118 (12), 96 (16). HRMS: (EI) Anal. Caled for C,H,;NO:
235.0997. Found: 235.1032.

Anal. Calcd. for C,(H,;NO: C, 81.68; H, 5.57; N, 5.95. Found:
C,81.44; H, 5.48; N, 5.69.

3-Methoxy-5,10-dihydroindeno[1,2-b]indole (8c).

Compound 8¢ was purified by radial tlc. Recrystallization
from benzene produces a white needle crystals, mp 206-207°
dec; '"H NMR (CDCL,): & 8.24 (s, 1H), 7.64-7.59 (m, 1H), 7.41-
7.35 (m, 2H), 7.22-7.10 (m, 2H), 7.01 (d, 1H, J = 2.6 Hz), 6.75
(dd, 1H, J = 8.0, 2.6 Hz), 3.86 (s, 3H), 3.64 (s, 2H); '*C nmr
(CDClLy): 6 158.99, 143.06, 140.66, 139.88, 136.16, 125.73,
124.76, 123.22, 121.79, 120.23, 118.99, 112.06, 109.94, 103.84,
55.57,29.54; ms: m/z 236 (18), 235 (100), 234 (16), 220 (40),
219 (11), 204 (47), 192 (25), 191 (36), 190 (18), 118 (14), 96
(16). HRMS: (EI) Caled for C,(H;;NO: 235.0997. Found:
235.1009.

Anal. Calcd. for C,(H,;NO: C, 81.68; H, 5.57; N, 5.95. Found:
C,81.76; H, 5.60; N, 5.71.

4-Methoxy-5,10-dihydroindeno[1,2-b]indole (8d).

Compound 8d was purified by radial TLC. It was recrystal-
lized from ethyl alcohol. White needles, mp 177-178°% 'H mnr
(CDCly): & 8.57 (s, 1H), 7.63-7.57 (m, 1H), 7.47-7.39 (m, 1H),
7.17-7.12 (m, 4H), 6.89-6.81 (m, 1H), 3.97 (s, 3H), 3.72 (s, 2H);
BC nmr (CDClLy): & 152.25, 149.47, 142.39, 140.47, 126.05,
124.57, 124.19, 120.99, 119.96, 119.31, 118.59, 118.50, 111.98,
108.67, 55.44, 30.67; ms: m/z 236 (18), 235 (100), 234 (13), 221
(12), 220 (74), 204 (23), 192 (31), 191 (32), 190 (17), 118 (17),
102 (12), 96 (27). HRMS: (EI) Anal. Caled for C,H,;NO:
235.0997. Found: 235.1002.

Anal. Calcd. for C,(H,;NO: C, 81.68; H, 5.57; N, 5.95. Found:
C,81.65;H,5.33; N, 5.97.

1,2-Dimethoxy-5,10-dihydro[1,2-b]indole (10a).

Compound 10a was purified by radial tlc. It was recrystallized
from benzene. White needles, mp 184-186° 'H nmr (CDCL,): &
8.22 (s, 1H), 7.58 (dd, 1H, J = 5.8, 2.9 Hz), 7.42-7.34 (m, 1H),
7.18-7.12 (m, 2H), 7.09 (d, 1H, J = 8.0 Hz), 6.86 (d, 1H, J = 8.0
Hz), 3.99 (s, 3H), 3.90 (s, 3H), 3.76 (s, 2H); *C nmr (CDCL,): &
150.82, 146.35, 142.95, 140.53, 139.91, 129.42, 124.92, 121.26,
120.55, 120.20, 118.59, 112.58, 111.93, 111.15, 60.34, 56.30,
27.81; ms: m/z 266 (19), 265 (100), 264 (14), 263 (46), 252
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(48), 250 (91), 235 (42), 234 (22), 233 (15), 220 (34), 219 (21),
190 (14), 178 (14), 177 (14), 89 (18), 76 (22), 75 (16). HRMS:
(EI) Anal. Calcd for C,,H,sNO,: 265.1103. Found: 265.0978.

Anal. Calcd. for C,;HNO,: C, 76.96; H, 5.70; N, 5.28.
Found: C, 76.85; H, 5.71; N, 5.24.

1,4-Dimethoxy-5,10-dihydro-[1,2-b]indole (10b).

Compound 10b was purified by radial tlc. It was recrystal-
lized from benzene. Light yellow needles, mp 136-137°; 'H nmr
(DMSO-dy): 8 11.25 (s, 1H), 7.53 (dd, 1H, J = 6.4, 3.3 Hz), 7.49
(dd, 1H,J = 6.6,2.9 Hz), 7.11-6.98 (m, 2H), 6.93 (d, 1H,J =9.0
Hz), 6.8 (d, 1H, J = 9.0 Hz), 3.91 (s, 3H), 3.83 (s, 3H), 3.59 (s,
2H); "C nmr (DMSO-dy): & 150.18, 146.68, 141.64, 140.99,
134.63, 125.07, 123.72, 120.40, 119.11, 118.27, 118.14, 112.64,
110.43, 108.65, 55.93, 55.50, 27.39; ms: m/z 266 (19), 265
(100), 250 (49), 235 (20), 234 (32), 222 (28), 207 (30), 191 (13),
179 (10), 178 (13), 133 (10), 76 (10).

Anal. Caled. for C;H;NO,: C, 76.96; H, 5.70; N, 5.28.
Found: C, 76.77; H, 5.84; N, 5.30.

2,3-Dimethoxy-5,10-dihydro-[1,2-b]indole (10c).

Compound 10c¢ was purified by chromatography on silica
gel. Recrystallization from hexane:1,2-dichloroethane pro-
duces light yellow crystals, mp 234-235° dec; 'H nmr (DMSO-
de): & 11.38 (s, 1H), 7.51-7.40 (m, 2H), 7.24 (s, 1H), 7.23 (s,
1H), 7.07-6.97 (m, 2H), 3.84 (s, 3H), 3.81 (s, 3H), 3.59 (s,
2H); "*C nmr (DMSO-d,): § 148.06, 146.90, 143.99, 140.19,
139.83, 127.84, 124.39, 120.05, 119.14, 118.65, 117.90,
112.18, 110.67, 102.48, 55.91, 55.72, 29.65; ms: m/z 266 (18),
265 (100), 250 (53), 222 (36), 221 (35), 220 (21), 204 (17),
191 (14), 179 (13), 178 (15), 132 (19), 110 (10), 102 (10), 96
(14), 89 (11), 76 (22). HRMS: (EI) Anal. Calcd for
C,;HsNO,: 265.1103. Found: 265.1115.

Anal. Caled. for C;H;NO,: C, 76.96; H, 5.70; N, 5.28.
Found: C, 76.81; H, 5.80; N, 5.27.

1-Methoxy-5,11-dihydro-6 H-benzo[a]carbazole (12a).

Compound 12a was purified by radial tlc. It was recrystallized
from benzene as white crystals, mp: 141-142° "H nmr (CDCL,):
0 8.13 (s, 1H), 7.55 (d, 1H, J = 7.0 Hz), 7.37-7.33 (m, 1H), 7.25-
7.07 (m, 3H), 6.96 (d, 1H,J =7.7 Hz), 6.79 (d, 1H, J = 8.0 Hz),
3.86 (s, 3H), 3.12-2.90 (m, 4H); "*C nmr (CDCl,): & 157.05,
137.00, 132.95, 129.91, 127.48, 127.02, 124.22, 122.30, 119.83,
118.80, 112.77, 112.58, 111.04, 109.53, 55.57, 21.37, 19.05; ms:
m/z 250 (18), 249 (100), 248 (97), 247 (13), 233 (25), 218 (11),
217 (17), 205 (16), 204 (40), 117 (28), 108 (19), 102 (27), 88
(11).

Anal. Calcd. for C;HsNO: C, 81.90; H, 6.06; N, 5.62. Found:
C,81.98; H, 6.06; N, 5.53

2-Methoxy-5,11-dihydro-6 H-benzo[a]carbazole (12b).

Compound 12b was purified by radial tlc. It was recrystal-
lized from benzene. White crystals, mp 168-169° (lit [25] mp
169°); 'H nmr (CDCL,): & 8.05 (br.s, 1H); 7.53-7.49 (cplx.m,
1H); 7.35-7.30 (cplx.m, 1H); 7.22-7.06 (cplx.m, 3H); 6.84 (d,
1H, J = 2.6); 6.74 (dd, 1H, J s= 8.4, 2.6); 3.8 (s, 3H); 3.07-2.89
(m, 4H); “C nmr (CDCL,): § 158.67, 138.53, 136.78, 133.17,
127.62, 122.09, 121.77, 120.88, 119.80, 118.37, 114.92, 111.34,
110.93, 110.80, 55.30, 29.99, 19.67; ms: m/z 250(18), 249
(100), 248 (83), 247 (27), 234 (20), 233 (20), 217 (12), 205 (18),
204 (47), 124 (12), 117 (26), 108 (21), 102 (34), 88 (12).



May-Jun 2006

Anal. Calcd. for C;H,sNO: C, 81.90; H, 6.06; N, 5.62. Found:
C,82.19; H, 6.00; N, 5.65.

3-Methoxy-5,11-dihydro-6 H-enzo[a]carbazole (12¢).

Compound 12¢ was purified by radial tlc. It was recrystallized
from benzene. White crystals, mp 126-127° (lit [26] mp 131-
133°); '"H nmr (CDCL,): 6 8.12 (s, 1H), 7.54 (d, 1H, J = 7.5 Hz),
7.33 (d, 1H, J =7.0 Hz), 7.20-7.07 (m, 3H), 6.86 (d, 1H,J = 2.6
Hz), 6.69 (dd, 1H, J = 8.0, 2.6 Hz), 3.82 (s, 3H), 2.94 (s, 2H);
BC nmr (CDCl,): & 158.50, 137.00, 132.98, 129.80, 129.13,
128.72, 127.43, 122.39, 119.83, 118.80, 113.25, 111.18, 111.09,
106.49, 55.38, 28.62, 19.91; ms: m/z 250 (18), 249 (100), 248
(100), 247 (30), 234 (11), 233 (19), 217 (21), 205 (25), 204 (51),
117 (12), 109 (12), 108 (11), 102 (26), 88 (11).

Anal. Calcd. for C,;H;;NO: C, 81.90; H, 6.06; N, 5.62.
Found: C, 82.12; H, 5.79; N, 5.48.

Acknowledgement.

This work was supported in part by the Consejo de Investiga-
ciones de la Provincia de Cordoba (CONICOR), the Consejo
Nacional de Investigaciones Cientificas y Técnicas (CONICET),
SECYT, Universidad Nacional de Cérdoba, and FONCYT, Ar-
gentina. We thank L. CONDES-LUZ CC 0158-06, FONACIT,
Venezuela. S.M.B. gratefully acknowledges receipt of a fellow-
ship from CONICET.

REFERENCES AND NOTES

[1]  For recent reviews of indole containing natural products, see:
[a] M. Somei and F. Yamada, Nat. Prod. Rep., 22, 73 (2005). [b] M.
Somei and F. Yamada, Nat. Prod. Re., 21, 278 (2004).

[2a] J. E. Saxton, The Chemistry of Heterocyclic Compounds,
John Wiley and Sons: New York, 1994, Vol. 25, Part IV; [b] R. J. Sund-
berg, in Comprehensive Heterocyclic Chemistry, Vol. 4, A. R. Katritzky
and C. W. Rees, Eds., Pergamon: Oxford, 1984, pp 313-376; [c] G. W.
Gribble, J. Chem. Soc., Perkin. Trans. 1., 1045 (2000); [d] G. W. Grib-
ble, in Second Supplements to the 2nd Edition of Rodd's Chemistry of
Carbon Compounds, Vol IV - Heterocyclic Compounds, Part B, M.
Sainsbury, Ed., Elsevier Science Pub., Amsterdam, 1997, pp 69-164; [e]
J. Bosch, J. Bonjoch, and M. Amat, The Alkaloids, 48, 75 (1996); [f] For
a description of the biological activity and syntheses of indoles, see: R.
J. Sundberg, Indoles, Academic Press: London, 1996, and references
cited therein.

[3] For reviews on the Fischer indole synthesis, see [a] B. Robin-
son, The Fischer Indole Synthesis, John Wiley and Sons: New York,
1982; [b] D. L. Hughes, Org. Prep. Proced. Int., 25, 607 (1993).

[4] S. Wasag, B. H. Yang and S. L. Buchwald, J. Am. Chem.
Soc., 62,6464 (1997).

[5] C.J.Moody and E. Swann, Synlett, 135, (1998).

Synthesis of Dihydroindenoindoles and Dihydrobenzocarbazoles 699

[6] J.Barluenga, F.J. Fananas, R Sanz and Y. Fernandez, Chem.
Eur.J., 8,2034 (2002).

[71 Aminopalladation-reductive elimination domino reaction
review: [a] G. Battistuzzi, S. Cacch and Fabrizi, G., Eur. J. Org. Chem.,
2671 (2002); [b] K. Onitsuka, S. Suzuki and S. Takahashi, Tetrahedron
Lett., 43,6197 (2002).

[8] S Cacchi,. G. Fabrizi and L. M. Parisi, Org. Lett., 5, 3843
(2003).

[91 R. A Rossiand M. T. Baumgartner, In Targets in Heterocyc-
lic Systems: Chemistry and Properties, Vol 3, O. A. Attanasi, D.
Spinelli, Eds., Soc. Chimica Italiana, Italy, 1999, pp 215-243.

[10a] R. Beugelmans and G. Roussi, Tetrahedron, 37, 393 (1981);
[b] R. R. Bard and J. F. Bunnett, J. Org. Chem., 45, 1546 (1980).

[11] M. T. Baumgartner, M. A. Nazareno, M. C Murguia, A. B.
Pierini and R. A. Rossi, Synthesis, 2053 (1999).

[12] For reviews, see: [a] R. A Rossi, A. B. Pierini and A. B.
Penénory, in The Chemistry of Functional Groups, Chapter 24, S. Patai
and Z. Rappoport, Eds., Wiley, Chichester, Supplement D2, 1995, pp
1395-1485; [b] R. A. Rossi, A. B. Pierini and A. N. Santiago, in Organic
Reactions Vol. 54, L. A. Paquette and R Bittman, Eds., Wiley & Sons:
1999, pp 1-271; [c] R. A Rossi, A. B. Pierini and A. B. Peqénory, Chem.
Rev., 103,71 (2003); [d] R. A. Rossi, in Synthetic Organic Photochemis-
try, Chapter 15, A. G. Griesberck and J. Mattay, Eds., Marcel Dekker,
New York, 2005, Vol 12, pp 495-527.

[13a] M. T. Baumgartner, M. H. Gallego and A. B. Pierini, J. Org.
Chem., 63, 6394 (1998); [b] M. A. Nazareno and R. A. Rossi, Tetrahe-
dron Lett., 35, 5185 (1994); [c] E. Austin, C. G. Ferrayoli, R. A. Alonso
and R. A. Rossi, Tetrahedron, 49, 4495 (1993).

[14] S. M. Barolo, A. E. Lukach and R. A. Rossi, J. Org. Chem.,
68,2807 (2003).

[15] L. Lipin“ska, Tetrahedron Lett., 45, 8831 (2004), and refer-
ences cited therein.

[16] M. Mor, G. Spadoni, B. Di Giacomo, G. Diamantini, A.
Bedini, G. Tarzia, P. V. Plazzi, S. Rivara, R. Nonno, V. Lucini, M. Pan-
nacci, F. Fraschini and B. M., Stankov, Biorg. Med. Chem., 9, 1045
(2001), and references cited therein.

[17] J. E. Arguello, L. C. Schmidt and A. B. Penénory, Org. Lett.,
5,4133 (2003).

[18] J. G. Cannon, R. G. Dushin, J. P. Long, M. Ilhan, N. D.
Jones and J. K. Swartzendruber, J. Med. Chem., 28, 515 (1985).

[19] W. S. Johnson and H. J. Glenn, J. Am. Chem. Soc., 71, 1092
(1949).

[20] H. O. House and C. B. Hudson, J. Org. Chem., 35, 647 (1970).

[21] L. Martarello, G. Kirsch and M. Wierzbicki, Heterocyclic
Comm., 3,51 (1997).

[22] W. H. Perkin and R. Robinson, J. Chem. Soc., 105, 2376
(1914).

[23] J.Koo,J. Am. Chem. Soc., 75, 1891 (1953).

[24] R.T. Coutts and J. L. Malicky, Can. J. Chem., 52,381 (1974).

[25] Ng. Ph. Buu-Hoif, Ng. Hodn and Ng. D. Xuong, J. Org.
Chem., 15,962 (1950).

[26]  A. Segall, H. Pappa, M. T. Pizzorno, M. Radice, A. Amoro-
so and G. O. Gutkind, Il Farmaco, 51, 513 (1996).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




