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The title compounds are prepared by the reaction of carbonyl compounds with 1-(2'-amino-

methylphenyl)pyrrole hydrochloride.
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Since the discovery of the central nervous system (CNS)
activity of the 1,4-benzodiazepines (1), several clinically
useful drugs have been found which contain a heterocyclic
moiety fused onto the seven-membered ring (2). Amongst
the first of these tricyclic systems to be investigated were
the pyrrolo[1,2-a |benzodiazepines (3), which are now
accessible by several routes (3-9).

We now report the preparation of several new pyrrolo-
[1,2][1,4]benzodiazepines (Table) by reaction of 1(2'-
aminomethylphenyl)pyrrole hydrochloride (1) with car-
bonyl compounds (Scheme). Diazepines have previously
been prepared from the pyrrole (1) by reaction with
several aldehydes (4,7) and ethyl pyruvate (7). We have
found that a range of ketones may be used in this reaction
(Table).

The pyrrole (1) is conveniently prepared by reduction
of 1-(2'-cyanophenyl)pyrrole with sodium dihydrobis(2-
methoxyethoxy)aluminate, and is used as the hydro-
chloride (7). Ring closure of 1 with carbonyl compounds
to give the diazepines (2-12) was monitored by observa-
tion of the nmr signals of the pyrrolic hydrogens. Acid
catalysis was necessary for the preparation of compounds
4-7, methanolic hydrogen chloride or (preferably) maleic
acid being used for this purpose. Diazepines could not be
obtained by this procedure from such ketones as benzyl
methyl ketone and acetophenone.

Compound 4 was treated with 1-naphthyl isocyanate to
give the corresponding urea. Naphthyl ureas were similarly
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prepared from several of the other diazepines to facilitate
isolation and characterization (see Table). Compound 4
was oxidized by manganese dioxide in loluene to the
4H-pyrrolobenzodiazepine (13). This preparation repre-
sents a new route to 4H-pyrrolo[1,2a][1,4 ]benzodiaze-
pines.

Diazepines 4, 10 and 13 did not have a significant level
of CNS activity.

EXPERIMENTAL

Melting points were determined with a Gallenkamp melting
point apparatus, and are uncorrected. Infrared spectra were
recorded on a Unicam SP200 spectrometer, with Nujol mulls or
liquid films.  Ultra-violet spectra were recorded on a Unicam
SP800A spectrometer, using 96% ethanol as solvent. Nuclear
magnetic resonance spectra were recorded at 60 MHz on a Perkin-
Elmer R12B spectrometer, and are quoted in parts per million
downfield from internal TMS. In the 'H nmr spectra of the
pyrrolobenzodiazepines, the chemical shifts of the NH protons
were sometimes concentration dependent. Mass spectra were
recorded at 70 eV on an AEI MS30, MS50 or MS902 mass spectro-
meter; peak abundances are quoted as a percentage of the base
peak. No attempts were made to optimise reaction conditions
for yield.

1(2'-Aminomethylphenyl)pyrrole (1).

To a stirred solution of sodium dihydrobis(2-methoxyethoxy)-
aluminate (100 ml. of 70% w/w solution in toluene) in dry toluene
(100 ml) was added dropwise, over one hour, a solution of
1{(2"-cyanophenyl)pyrrole (16.8 g., 0.1 mole) in dry toluene (50
ml.). After 1.5 hours, aqueous sodium hydroxide (10%, 100 ml.)
was cautiously added. The aqueous layer was separated off and
extracted with toluene. The combined organic layers were washed
with saturated sodium chloride solution, dried (magnesium sulfate)
and evaporated, and the residue vacuum-distilled. The product
(12.6 g., 73%; b.p. 112°/1.8 mm, n%’ 1.593) was converted into
its hydrochloride by treatment with ethereal hydrogen chloride
(4,7); nmr (deuteriochloroform): 1.15 (2H, s, NH,, exchangeable),
3.7 (2H, s, CHy), 6.25-6.4 (2H, m, H-3.4), 6.75 - 6.9 (2H, m,
H-2,5), 7.2 - 7.65 (4H, m, H-3' to 6').

General Procedure for the Preparation of 5,6-Dihydro-4H-pyrrolo-
[1,2-2][1,4]benzodiazepines.

A solution of 1{2'-aminomethylphenyl)pyrrole hydrochloride
(0.005 mole)and the carbonyl compound (0.005 mole) in methanol
(10 ml.) or N,N-dimethylformamide (10 ml.) was heated at 65-70°
for 1-3 hours. The reaction was monitored by examining the
pyrrolic region of the 'H nmr spectrum of a sample of the
reaction mixture. If cyclisation was not occurring, then methanol-
ic hydrogen chloride (ca. 0.001 mole) or maleic acid (ca. 0.001
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mole) was added. Heating was continued until the reaction was
essentially complete (1-3 hours).

Table
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(1H, m, H-1), 7.2.7.5 (4H, m, H-7 to 10).
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This compound was further characterised as the 1-naphthyl
urea,

5.0-Dihydro-tH-pyrrolo] 1.2-a|{ 1,4 ] benzodiazepine - 4-spiro-1'-
cyclopentane (6).

This compound wus prepared as an oil from the amine hydro-
chloride (1)(0.61 g.) and cyclopentanone (0.52 g.) with methanolic
hydrogen chloride (ca. 0.001 mole);uv: A max 249 nm; nmr
(deuteriochloroform): 8 1.0-2.0 (911, m, cyclopentyl H + NI),
3.7(2H, s, CHy), 0.15-6.45 (2H, m, 11-2,3), 6.8-7.05 (1H, m, H-1),
7.2-7.0 (4H, m, H-7 to 10). This compound was characterised as
the I-naphthyl urea.

5,0-Dihydro-44 -pyrrolo[1,2-¢]|1,4] bcnzodiazepine-4-spir0-1'_
cyvelohexane (7).

This compound was prepared as an oil from the amine hydro-
chloride (1) (1.08 g.) and cyclohexanone (5.0 g.) with methanolic
hydrogen chloride (ca. 0.001 mole): ir: » max 3300 (m) (NH)
em™ Duv: A max 250 nm; mnr (deuteriochloroform): § 0.7-2.2
(10H., m. cyclohexyl H). 2.8 br (111, s, NH, exchangeable), 3.7
(ZH, 5, Clly), 6.26.4 (2H, m, H-2,3), 6.85-7.0 (1H, m, H-1),
7.1-7.45 (41, m, H-7 10 10). The product was further characterised
as the 1-naphthyl urea.

4-Acetyl-5.0-dihydro-4-methyl-4f-pyrrolo[1,2-a]] 1,4 | benzodiaze-
pine (8).

This compound was prepared as a crystalline solid from the
amine hydrochloride (1) (2.82 g.) and freshly distilled diacetyl
(1.27 .), and purified by vacuum sublimation;ir: v max 3300 (w)
(NH), 1700 (5) (COY em™: uv: A max 251 nm; nnr (deuterio-
chloroform): & 1.5 (3H, s, Cll3), 1.55 (3H, s, COCIH3), 3.6 (1H,
s, NH, exchangeable), 3.7 (21, s, CH3), 6.4-6.6 (2H, m, H-2.3),
7.0-7.15 (1H, m, H-1), 7.25.7.45 (4H, m, H-7 to 10); ms: m/e
197 (100%, M* - COCH3).

4.4-Dilethoxy carbonyl)-5,6-dihydro-4H-pyrrolo{1,2-a | [ 1,4 | benzo-
diazepine (9).

This compound was prepared as a yellow oil from the amine
hvdrochloride (1) (2.06 g.) and diethyl ketomalonate (1.68 g.),
with the exclusion of atmospheric moisture; ir: v max 3300 (w)
(NH), 1730 br (5) (COY em™ s uv: A max 251 nm; nmr (deuterio-
chloroform): & 1.1 (6H, t.] = 7 Nz, 2 x CHy), 3.25 br (1H, s,
NH, exchangeable), 3.8 (2H, s, ring Clly), 4.05 (4H, q, ] = 7 Hz,
2 x CHp), 6.3-6.5 (211, m, 11-2,3), 7.0-7.15 (1H, m, H-1), 7.3-7.6
(4H. m, H-7 10 10): ms:  mfe 255 (100%, M*. CO,C,Hs).
This product was further characterised as the 1-naphthyl urea.

5.0-Dihydro-4H-pyrrolo| 1,2« |{1,4] b('nzodiazcpims-4-spiro-5,-(2’,
1, 6" Arioxo)pyrimidine (10).

This compound was prepared by heating under reflux a solu-
tion of the amine hydrochloride (1) (10.53 g.) and alloxan mono-
hydrate (7.95 g.) in methanol (100 ml.) for 3 hours. After cooling
and evaporation of solvent, the residue was (riturated with a solu-
tion of potassium hydrogencarbonate (5.0 g.) in water (50 ml.).
The resulting potassium salt was filtered off, dissolved in water
(170 mlL) and the solution brought to pH 6 with dilute acetic acid
(20% viv, 5 mL). The product was filtered off, and again purified
via its polassium salt. The solid obtained was crystallised from
aqueous ethanol (1:3), and the analytical sample was recrystallised
from ethanol-N,N-dimethylformamide-water (4:1:1) and rigorously
dricd by heating at 140° in vacuo over phosphorus pentoxide; ir:
v max 3600 (w), 3500 (w), 3400 (w) (NH), 1760 (s), 1720 (s),
1700 () (CO) em™" s uv: A max 248.5, 283 sh nm; nmr (DMSO-
de): o 3.5 br (2H, 2 x NH), 3.95 (2H, s, CH,), 6.2-6.35 (2H, m,
H-2,3), 6.8 br (1H, NH), 7.05-7.2 (1H, m, H-1), 7.2.7.6 (4H, m,
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H-7 10 10); ms: mfe 296 (100%, M7), measured 296.0908,
C15H12N403 requires 296.0909.

5,6-Dihydro-4H-pyrrolo[ 1,24 [1,4] benzodiazepine-4-spiro-2'-(1’,
3’-dioxo)indan (11).

This compound was prepared as a yellow solid from the amine
hydrochloride (1) (1.02 g.) and ninhydrin (0.91 g.), and purified
by crystallisation from acetone-ethanol; ir: » max 335% (w) (NH),
1740 (m) and 1700 (s) (CO) em™!;uv: A max 227. 246 min: nmr
(deuteriochloroform): 6 2.5 br (1H, s, NH, exchangeable), 4.05
(2H, s, CHy), 5.85-6.3 (2H, m, H-2,3), 6.95-7.1 (1H, m, H-1),
7.25-7.55 (4H, m, H-7 to 10), 7.65-8.1 (4H, m, H-4" 1o 7'); ms:
m/e 314 (100%, M™).

5.6-Dihydro-4H-pyrrolo[ 1,2-¢]{ 1,4 Jbenzodiazepine -4 -spiro-3-
oxindole (12).

This compound was prepared as an orange solid from the amine
hydrochloride (1) (1.03 g.) and isatin (0.68 g.), and purificd by
crystallisation from aqueous ethanol; ir: v max 3300 (w) (NII),
1730 (s) (split) (CO) em~™!; uv: A max 249 nm; nmr (deuterio-
chloroform): & 2.4 br (1H, s, N(5)H, exchangeable), 4.1 (211, s,
CHy), 5.95-7.65 (11H, m, aromatic H), 8.65 br (1H, s, N (1")H,
exchangeable); ms: m/e 301 (20%, M*), 272 (100%, M* - CO- H).

4.,4-Dimethyl-4H-pyrrclo[1,2-a|[1,4] benzodiazepine (13)(11).

Manganese dioxide (70%) (7.5 g.) was added to a solution of
the 5.6-dihydro compound (4) (10.4 g.) in dry toluene (50 ml.).
The mixture was stirred and heated under reflux for 24 hours, then
filtered, and the solid washed with dry toluene (2 x 25 ml.). The
combined filtrate and washings were evaporated in vacuo and the
residue induced to crystallise by trituration with petrol (40-60°).
Crystallisation from chloroform-petrol (40-60°) gave the product
as pale yellow crystals (7.6 g. 74%), m.p. 81-83°. A colourless
specimen, m.p. 81.5-82° (sofiens 81°) was obtained by repeated
vacuum sublimation; ir: » max 1650 (m)(C=N)em™ ;uv: A max
238, 267, 318 nm; nmr (deuteriochloroform): & 1.55 (611, s, 2 x
CH3), 6.1-6.5 (2H, m, H-2,3), 7.0-7.2 (1H, m, H-1 ). 7.2-7.65 (4H,
m, H-7 1o 10), 8.4 (1H, s, H6); ms: m/e 210 (92%, M*), 195
(100%, M* - CH3), measured 210.1153, C14H14N; requires
210.1157.

Anal. Caled. for C14H4N,: C, 80.05H, 6.7; N, 13.3. Found:
C,80.1;H,6.9;N, 13.4.
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