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The synthesis of imidazo[5,1-d]pyrrolo[1,2-b][1,2,5]benzothiadiazepine 9,9-dioxide (5), a novel sulfur-con-
taining tetracyclic benzodiazepine, is reported starting from pyrrolo[1,2-b][1,2,5]benzothiadiazepine 5,5-diox-
ide (6) by cycloaddition of tosylmethyl isocyanide to the azomethine double bond. Pyrrolobenzothiadiazepine
6 was obtained by iron powder/acetic acid reduction of 1{2-nitrobenzenesulfonyl)pyrrole-2-carboxaldehyde
(7) and subsequent ring closure of intermediate aminoaldehyde or by cyclization of 1{2-formamidobenzene-
sulfonyl)pyrrole (8) with phosphorus oxychloride via a Bischler-Napieralski reaction. Formylation of 1{2-ami-
nobenzenesulfonyl)pyrrole with acetic-formic anhydride gave 8. The structure of 5 was confirmed by oxida-
tion with activated manganese dioxide of dihydro derivative 9, obtained through cyclization of 11-amino-
methyl-10,11-dihydropyrrolof1,2-b}i1,2,5]benzothiadiazepine 5,5-dioxide (10) with triethyl orthoformate. The
last compound was prepared alternatively by catalytic reduction of nitro derivative 11, obtained by addition
of nitromethane to pyrrolobenzothiadiazepine 6, or by lithium aluminum hydride/sulfuric acid reduction of
amide 13, synthesized starting from ethyl 10,11- dlhydropyrrolo[l 2-b][1,2,5]benzothiadiazepine-11-carboxyl-

ate 5,5-dioxide.

J. Heterocyclic Chem., 31, 1033 (1994).

In recent years tetracyclic benzodiazepines have re-
ceived great attention as psychotropic agents. Among
these substances aptazepine 1 represents an antidepres-
sant drug devoid of sedative activity [1] and bretazenil 2 is
actually undergoing pharmacological screening as an anx-
iolytic agent [2].

As a chemical approach to new pyrrole-containing tetra-
cyclic compounds we synthesized recently 10-methyl-10-
azaaptazepine 3 [3] and tiaaptazepine 10,10-dioxide 4 [4],
two novel tetracyclic compounds strictly related to aptaze-
pine.
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Pursuing our search on heterocycles with a benzothiadi-
azepine moiety [4,5] we report now the preparation of
imidazo[5,1-d]pyrrolo[1,2-5][1,2,5]benzothiadiazepine 9,9-
dioxide (5), a novel tetracyclic ring of medicinal interest
showing great structural affinities with the above com-
pounds 1-4.
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The synthesis of 5 was achieved by a simple procedure
based on annelation at the 10,11 positions of pyrrolof1,2-
b][1,2,5]benzothiadiazepine 5,5-dioxide (6), by cycloaddi-
tion of tosylmethyl isocyanide (TosMIC) to the azomethine
double bond in the presence of n-butyllithium in tetrahy-
drofuran at —72° [6] (Scheme 1).

The starting material 6 was obtained by iron powder-
acetic acid reduction of 1-(2-nitrobenzenesulfonyl)pyrrole-
2-carboxaldehyde (7) and concomitant ring closure of in-
termediate aminoaldehyde. In the present work the known
nitroaldehyde 7 [7] was prepared starting from 2-nitroben-
zenesulfonyl chloride and pyrrole-2-carboxaldehyde using
potassium tert-butoxide and 18-crown-6 as a condensing
agent.

Compound 6 was alternatively prepared starting from
1{2-aminobenzenesulfonyl)pyrrole [7], which was reacted
with acetic-formic anhydride to give 142-formamidoben-
zenesulfonyl)pyrrole (8). Cyclization of 8 to 6 was achieved
with phosphorous oxychloride via a Bischler-Napieralski
reaction.
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Imidazo[5,1-d]pyrrolo[1,2-5][1,2,5]benzothiadiazepine
9,9-dioxide (5) was also obtained by oxidation with man-
ganese dioxide [8] of 1,13b-dihydroimidazo[5,1-dJpyrrolo-
[1,2-5]1,2,5]benzothiadiazepine 9,9-dioxide (9), obtained
by treating 1l-aminomethyl-10,11-dihydropyrrolo[1,2-b]-
[1,2,5]benzothiadiazepine 5,5-dioxide (10) with triethyl
orthoformate (Scheme 2). The last compound was pre-
pared by catalytic hydrogenation (Raney-Ni) of the corre-
sponding nitroderivative 11, which was obtained by addi-
tion of nitromethane to the azomethine double bond [9] of
pyrrolobenzothiadiazepine 6.

Alternatively, compound 10, a useful intermediate for
the synthesis of 5 via 9, was prepared by a three-step pro-
cedure starting from ethyl 10,11-dihydropyrrolio[1,2-b]-
[1,2,5]benzothiadiazepine-11-carboxylate 5,5-dioxide [4].
Alkaline hydrolysis of the last compound furnished the
corresponding carboxylic acid 12, which was condensed
with dry gaseous ammonia in the presence of 1,1'-carbon-
yldiimidazole [10] to give the amide 13, which in turn gave
the required amine 10 by lithium aluminum hydride-sul-
furic acid reduction.

EXPERIMENTAL

Melting points were determined on a Biichi 510 apparatus and
are uncorrected. Infrared spectra were obtained on a Perkin-
Elmer 1310 spectrophotometer. The nmr spectra were recorded
with Varian EM-390 (90 MHz) and Gemini (200 MHz) spectrom-
eters using tetramethylsilane as internal standard. Column chro-
matographies were performed on alumina Merck (70-230 mesh)
and silica gel Merck (70-230 mesh). Aluminum oxide/TLC-cards
Fluka (aluminum oxide precoated aluminum cards with fluores-
cent indicator 254 nm) and silica gel/TLC-cards Fluka (silica gel
precoated aluminum cards with fluorescent indicator 254 nm)
were used for thin layer chromatography. Developed plates were
visualized by uv light. Organic solutions were dried over anhy-
drous sodium sulfate. Concentration of solutions after reactions
and extractions involved the use of a rotary evaporator (Biichi)
operating at reduced pressure (approx. 20 bar). Elemental
analyses were performed by laboratories of Professor A. Pietro-
grande, University of Padova (Italy).

Imidazo[5,1-dlpyrrolo[1,2-b][1,2,5]benzothiadiazepine 9,9-Diox-
ide ().

From 6.

n-Butyllithium (5.3 ml of 1.6 M solution in n-hexane, 0.0086
mole) was added dropwise into a solution of tosylmethyl isocyan-
ide (0.84 g, 0.0043 mole) in dry tetrahydrofuran (10 ml) at —72°
under nitrogen atmosphere. After 15 minutes a solution of 6 (1.00
g, 0.0043 mole) in dry tetrahydrofuran (10 ml) was added drop-
wise and stirring was continued at —72° for 30 minutes, then at
room temperature for 60 hours. Water and ethyl acetate were
added and the organic layer was separated, washed with brine
and dried. Removal of the solvent gave a residue which was puri-
fied on silica gel column eluting with ethyl acetate. The central
eluates were collected and evaporated to give 5(0.45 g, 39%), mp
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199-201° (after crystallization from aqueous ethanol); nmr spec-
tra (Varian Gemini 200 MHz - deuteriochloroform): pmr &
6.32-6.36 (m, 1H, p-pyrrole), 6.54-6.55 (m, 1H, B-pyrrole),
7.38-7.39 (m, 1H, a-pyrrole), 7.43 (s, 1H, imidazole), 7.54-7.61 (m,
2H, benzene), 7.75-7.83 (m, 1H, benzene), 7.99 (s, 1H, imidazole)
8.16-8.21 ppm (m, 1H, benzene); *C-nmr: 6 111.7, 113.0, 114.1,
120.85, 124.6, 125.5, 127.6, 128.0, 130.0, 132.5, 133.9, 135.7,
137.3 ppm.

Anal. Caled. for C,H,N,0,S: C, 57.55; H, 3.34; N, 15.49; S,
11.82. Found: C, 57.43; H, 3.29; N, 15.34; S, 11.90.

From 9.

A mixture of 9(0.16 g, 0.0006 mole), activated manganese diox-
ide (1.0 g, 0.011 mole) and acetone (40 ml) was refluxed over-
night. After filtration the solvent was evaporated and the residue
was purified on silica gel column eluting with ethyl acetate. Cen-
tral eluates were collected and evaporated to give 5(0.09 g, 56 %),
mp, ir and pmr spectral data were identical to those of the sample
prepared from 6.

Pyrrolo[1,2-6]1,2,5]benzothiadiazepine 5,5-Dioxide (6).
From 7.

Iron powder (30.6 g) was added over a period of 1 hour to a
water-cooled solution of 7 (22.50 g, 0.080 mole) in glacial acetic
acid (300 ml) and tetrahydrofuran (100 ml), then the mixture was
stirred for 3.5 hours. Water and ethyl acetate were added and the
organic layer was separated, washed with saturated sodium hy-
drogen carbonate solution, with brine and dried. Removal of the
solvent gave a crude product which was purified on silica gel col-
umn eluting with ethyl acetate. Evaporation of the solvent from
central eluates gave 6 (20.4 g, 92%), mp 109-110° (after crystal-
lization from benzene/cyclohexane); pmr (deuteriochloroform): &
6.46 (1, 1H, pyrrole), 6.90 (m, 1H, pyrrole), 7.33-7.83 (m, 4H, pyr-
role and benzene), 8.13 (m, 1H, benzene), 8.66 ppm (s, 1H,
N=CH-).

Anal. Caled. for C,,H,N,0,S: C, 56.89; H, 3.47; N, 12.06; S,
13.80. Found: C, 57.10; H, 3.41; N, 11.93; S, 13.86.

From 8.

A solution of 8 (11.60 g, 0.056 mole), phosphorus oxychloride
(113 ml) and 1,2-dichlorethane (113 ml) was refluxed for 4.5
hours. Removal of the solvent gave a residue which was treated
with crushed ice and 30% ammonium hydroxide solution. After
extraction with ethyl acetate, the organic layer was separated,
washed with brine and dried. Evaporation of the solvent gave a
residue which was purified on alumina column eluting with chlo-
roform. Central eluates were collected and evaporated to furnish
6 (5.0 g, 47%); after crystallization from benzene/cyclohexane,
mp, ir and nmr spectral data were identical to those of the sample
prepared from 7.

1{2-Nitrobenzenesulfonyl)pyrrole-2-carboxaldehyde (7).

A solution of pyrrole-2-carboxaldehyde (14.36 g, 0.150 mole) in
dry tetrahydrofuran was added dropwise to a well-stirred mixture
of potassium tert-butoxide (20.20 g, 0.180 mole) and 18-crown-6
(3.96 g, 0.018 mole) in the same solvent (300 ml). After 15 min-
utes, a solution of 2-nitrobenzenesulfonyl chloride (33.24 g, 0.150
mole) in dry tetrahydrofuran (300 ml) was added dropwise into
the mixture cooled to 0°. After stirring at room temperature over-
night, the solution was concentrated to a small volume. Extrac-
tion with dichloromethane followed by washing with brine, dry-
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ing and evaporation of the solvent gave a crude product which
was purified on alumina column eluting with chloroform. Evapo-
ration of the solvent from central eluates gave 37.10 g of 7 (67%),
mp 139-141° (after crystallization from benzene), lit [7], mp
137-138°, yield 50%.

142-Formamidobenzenesulfonyl)pyrrole (8).

Formic acid (98-100%, 3.8 ml) was dropped onto acetic anhy-
dride (8.5 ml) at 0° and the solution was stirred at room tempera-
ture for 2 hours. The solution was then added to a solution of 142-
aminobenzenesulfonyl)pyrrole [7] (10.00 g, 0.045 mole) in dry
tetrahydrofuran (70 ml) and reaction was stirred at room temper-
ature for 24 hours. After evaporation of the solvent, methanol (50
ml) was added and the mixture was stirred for 30 minutes.
Removal of methanol gave a residue which was triturated with
toluene and filtered to give 142-formamidobenzenesulfonyl)-
pyrrole (8) (11.4 g, 100%), which was crystallized from toluene/cy-
clohexane, mp 127°; ir (nujol): » 1665 (CO), 3300 cm™* (NH); pmr
(deuteriochloroform): & 6.30 (t, 2H, B-pyrrole), 7.10-7.96 (m, SH,
a-pyrrole () and benzene), 8.46-8.66 (m, 2H, benzene and CHO),
9.43 ppm (s, 1H, NH, disappeared on treatment with deuterium
oxide). .

Anal. Caled. for C,,H,,N,0,S: C, 52.79; H, 4.03; N, 11.19; S,
12.81. Found: C, 52.85; H, 3.98; N, 10.90; S, 13.05.

1,13b-Dihydroimidazo[5,1-d]pyrrolo[1,2-5][1,2,5]benzothiadiaze-
pine 9,9-Dioxide (9).

A solution of 10 (1.00 g, 0.0038 mole) in triethyl orthoformate
(10 ml) was refluxed for 2 hours. Solvent was evaporated and the
residue was purified on silica gel column eluting with ethyl ace-
tate. Central eluates were collected and evaporated to furnish 9
(0.59, 57%), mp 190-192° (after crystallization from ethanol); pmr
(deuteriochloroform): 6 4.33 (dd, 2H, J = 1.5 Hz,J = 9 Hz, CH,),
6.11 (t, 1H, J = 9 Hz, CH), 6.25 (m, 2H, pyrrole), 6.98-7.65 (m,
5H), 8.08 ppm (m, 1H).

Anal. Caled. for C,;H,,N,0,S: C, 57.12; H, 4.05; N, 15.37; S,
11.73. Found: C, 57.05; H, 4.08; N, 15.56; S, 11.47.

11-Aminomethyl-10,11-dihydropyrrolo[1,2-b][1,2,5]benzothiadi-
azepine 5,5-Dioxide (10).

From 11

A mixture of 11 (0.20 g, 0.00068 mole) in tetrahydrofuran (40
ml) and methanol (20 ml) was hydrogenated for 24 hours at an in-
itial pressure of 155 psi, using Raney-Nickel (0.6 ml of water sus-
pension, Fluka catalogue 83440) as catalyst. The solid was re-
moved by filtration on Celite® 545 (Fluka catalogue 22140) and
the solution was concentrated to a small volume. Extraction with
dichloromethane followed by washing with brine, drying and
evaporation of the solvent gave a residue which was purified on
alumina column eluting with ethyl acetate/ethanol 1:1. Central
eluates were collected and evaporated to give 10 as thick oil (0.10
g, 56%); ir (neat): » 3300, 3360 cm™ (NH,); pmr (deuteriochloro-
form): 6 1.60 (s, 2H, NH,, disappeared on treatment with deu-
terium oxide), 3.55 and 3.58 (2q, AB part of ABX pattern, JAB =
12 Hz, CH,), 5.23 (q, 1H, X part of ABX pattern, JAX = 9 Hz,
JBX = 4.5 Hz, CH), 5.86-6.06 [m, 2H, pyrrole and NH (disap-
peared on treatment with deuterium oxide)}, 6.20 (1, 1H, pyrrole),
6.56-6.76 (m, 2H, benzene), 7.13-7.40 (m, 2H, pyrrole and ben-
zene), 7.80 ppm (m, 1H, benzene).

From 13.
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Concentrated sulphuric acid (0.58 ml) was carefully added
dropwise over a period of 3 minutes onto an ice-cooled suspen-
sion of lithium aluminum hydride (0.89 g, 0.023 mole) in dry
tetrahydrofuran (18 ml). After stirring at room temperature for 30
minutes, a solution of 13 (1.00 g, 0.0036 mole) in dry tetrahydro-
furan (10 ml) was added dropwise. The mixture was kept at room
temperature for 4 hours, then cooled to —15° while 2N sodium
hydroxide solution (7.0 ml) was added dropwise. The solid which
formed was separated by filtration, washed with tetrahydrofuran
and discarded. The solution was concentrated to a small volume,
extracted with chloroform, washed with brine and dried. Evapo-
ration of the solvent gave a residue which was chromatographed
on alumina column eluting with ethyl acetate/ethanol 9:1. The
first eluates were discarded, then further elution with ethyl ace-
tatelethanol 1:1 furnished 10 after evaporation of the solvent
(0.58 g, 61%); mp, ir and nmr spectral data were identical to
those of the sample prepared from 11.

11-Nitromethyl-10,11-dihydropyrrolo[1,2-5]1,2,5]benzothiadiaze-
pine 5,5-Dioxide (11).

A solution of 6(1.00 g, 0.0043 mole) and nitromethane (9.6 ml)
in ethanol (28.8 ml) was refluxed for 24 hours. After evaporation
to dryness, the residue was purified on alumina column eluting
with chloroform/ethanol 9:1. The central eluates were collected
and evaporated to give 11 (0.6 g, 47%), mp 131-132° (after crys-
tallization from benzenelcyclohexane); ir (nujol): » 3330 cm™*
(NH).

Anal. Caled. for C,,H,,N,0,S: C, 51.60; H, 3.97; N, 10.03; S,
11.48. Found: C, 51.38; H, 3.70; N, 10.12; S, 11.72.

10,11-Dihydropyrrolo[1,2-b][1,2,5]benzothiadiazepine-11-carbox-
ylic Acid 5,5-Dioxide (12).

A mixture of ethyl 10,11-dihydropyrrolo[1,2-b]1,2,5]benzothia-
diazepine-11-carboxylate 5,5-dioxide [4] (1.75 g, 0.0057 mole), 1N
potassium hydroxide solution (7.1 ml), ethanol (20 ml) and tetra-
hydrofuran (20 ml) was stirred at room temperature for 3 hours,
then poured onto crushed ice. After acidification with 1NV hydro-
chloric acid until pH 2 and extraction with ethyl acetate, the
organic layer was washed with brine, dried and evaporated. The
oily residue was triturated with toluene and the solvent was evap-
orated to give 12(1.33 g, 84%), mp 159-162° (after crystallization
from toluene); ir (nujol): » 1720 (CO), 3330 cm™ (NH); pmr (hexa-
deuteriodimethyl sulfoxide): 6 5.80 (d, 1H, J = 3 Hz, CH),
6.20-6.43 (m, 2H, pyrrole), 6.63-6.86 (m, 1H, benzene), 7.06-7.53
[m, 4H, pyrrole, benzene and NH (disappeared on treatment with
deuterium oxide)], 7.60-7.76 ppm (m, 1H, benzene).

Anal. Caled. for C,,H,,N,0,S: C, 51.79; H, 3.62; N, 10.06; S,
11.62. Found: C, 52.05; H, 3.50; N, 10.13; S, 11.55.
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10,11-Dihydropyrrolo[1,2-5][1,2,5]benzothiadiazepine-11-car-
boxyamide 5,5-Dioxide (13).

1,1'-Carbonyldiimidazole (0.87 g, 0.0054 mole) was added por-
tionwise to a water-cooled solution of 12 (1.00 g, 0.0036 mole} in
dry tetrahydrofuran (50 ml) and the mixture was stirred at room
temperature for 2 hours. Dry gaseous ammonia was bubbled
through for 1 hour while stirring at room temperature. After con-
centration to a small volume, the mixture was extracted with
ethyl acetate, washed with brine and dried. Evaporation of the
solvent gave a crude product which was purified by crystalliza-
tion from toluene to give 13 (0.50 g, 50%), mp 214-216°; ir
(nujol): » 1690 (CO), 3300, 3400 cm™"* (NH,); pmr (hexadeuteriodi-
methyl sulfoxide): 6 5.86 (d, 1H,J = 3 Hz, CH), 6.20 (m, 1H, pyr-
role), 6.40 (t, 1H, pyrrole), 6.70-7.03 [m, 2H, benzene and NH (dis-
appeared on treatment with deuterium oxide)], 7.20-7.63 (m, 3H,
pyrrole and benzene), 7.70-7.93 [m, 2H, benzene and CONH, (dis-
appeared on treatment with deuterium oxide)], 8.26 ppm (s, 1H,
CONH,, disappeared on treatment with deuterium oxide).

Anal. Calcd. for C,,H, N,0,S: C, 51.98; H, 4.00; N, 15.15; S,
11.56. Found: C, 52.10; H, 3.95; N, 15.02; S, 11.68.
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