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New pyrrolobenzodiazocines 3 have been prepared by an intramolecular Friedel–Crafts process from pyr-
rolobenzoacrylamides 2. The cyclisation process involving a 1,4-intramolecular addition of a pyrrole onto
acrylamide led to the formation of an eight-membered ring.

� 2009 Elsevier Ltd. All rights reserved.
The synthesis of new heterocyclic systems with biological activ-
ity is a major challenge for chemists.1 A great number of medium-
sized heterocyclic compounds such as 1,4-benzodiazepines are
biologically important as these products are active on the CNS.2

Eight-membered heterocyclic compounds are also of impor-
tance as for example, amino heterocyclic eight-membered ring
natural products, such as buflavine exhibit adrenolytic and anti-
serotonin activities.3,4 If seven-membered rings can be synthesised
easily, eight-membered heterocycles are more difficult to construct
as high energy activation is needed to close the ring due to
torsional strains, transannular interactions and also to Pfizer
strains.5 However, pyrrolobenzodiazocines can be formed by the
construction of the eight-membered ring. Up-to-date only six pyr-
rolobenzodiazocines were described and can be classified in three
classes: pyrrolo[1,2-e][1,5] benzodiazocines6 which were synthes-
ised by lactamisation, pyrrolo-[2,1-c][1,4]-benzodiazocines7 which
were obtained by a Dieckman reaction and pyrrolo[1,2-b][2,5] ben-
zodiazocines which were formed by using either a Ugi MCR reac-
tion,8 a lactamisation,9 a Mannich reaction10 or a reductive
amination11 (Scheme 1).
ll rights reserved.

BouzBouz).
Here, we would like to report an efficient and rapid access to
pyrrolo[1,2-f][1,6]-benzodiazocines 3 from the amino phenylpyr-
role 112 via acrylamides intermediates 2 taking advantage of the
nucleophilicity of the pyrrole group to form one of the C–C bond
of the eight-membered ring of the pyrrolobenzodiazocines.

Thus, after condensation of 1a with acryloyl chloride (Et3N,
CH2Cl2, 0 �C), 2a was obtained in good yield (87%). The cyclisation
step of 2a to 3a was then examined and the screening of different
Lewis acids was achieved in order to obtain the best yield in 3a.
The best Lewis acid revealed to be AlCl3.13 When 2a was treated
with AlCl3 (2 equiv) in CH2Cl2 (c = 0.005 M),14 at rt for 1 h, 3a15

was isolated in 67% yield (Table 1, entry 1). The reaction is gen-
eral and the results are reported in Table 1. Compounds 3b–e15

were, respectively, obtained in good yields from 1b–e (Table 1,
entries 2–5). We have to point that for compound 3f16 (59%),
the reaction has been performed in acetonitrile for 16 h at rt
(Table 1, entry 6). An X-ray diffraction analysis of 3a17 showed
that the eight-membered ring system has a boat conformation
(Figs. 1 and 2).

It is worth noting that for compound 3f, two isomers were ob-
served by 1H NMR and 13C NMR spectra in a ratio 6:1, due to an
atropoisomeric effect.18

The cyclisation of compounds 2 is probably due to the activa-
tion of the carbonyl group of the acrylamide by AlCl3 producing
intermediate A. Then, an intramolecular 1,4-addition of the pyrrole
group onto the activated Michael intermediate takes place to pro-
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Scheme 1. Different classes of pyrrolobenzodiazocines.
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Synthesis of different pyrrolo[1,2-f][1,6]-benzodiazocines

NH2

N

321

R1 R1

N

N R2

R1

N

N
OH OH

R2Acryloyl chloride or

Et3N, CH2Cl2, 0 °C

methacryloyl chloride AlCl3, 25 °C

CH2Cl2 or CH3CN

Entry Aminopyrrole 1 Acrylamide 2 (yield) Pyrrolobenzodiazocine 3 (yield)

1

NH2

N

1a

N

N
OH

2a  (87%)

OH

N

N

3a  (67%)

2

NH2

N

1b

MeO
OH

N

NMeO

2b  (91%)

OH

N

NMeO

3b  (64%)

3

NH2

N

1c

Cl
OH

N

NCl

2c  (85%)

OH

N

NCl

3c  (72%)

4

NH2

N

1d

F
OH

N

NF

2d (80%) 

OH

N

NF

3d  (61%)

(continued on next page)

S. BouzBouz, M. Sanselme / Tetrahedron Letters 50 (2009) 5884–5887 5885



Table 1 (continued)

Entry Aminopyrrole 1 Acrylamide 2 (yield) Pyrrolobenzodiazocine 3 (yield)
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Figure 2. Superimposition of the three molecules of the Asymmetric Unit of 3a. The
molecules labelled ‘A’ (green) and ‘C’ (violet) are quite the same whereas the
molecule labelled ‘B’ (grey) exhibits a significant difference on the eight-ring
arrangement.
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Figure 1. ORTEP representation of three molecules constitutive of the asymmetric
unit of 3,4-dihydro-pyrrolo[1,2-f][1,6]-benzodiazocin-2-one (3a).
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duce B which, after an 1,3-prototropy, leads to C and after hydro-
lysis, 3 can be isolated.
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In order to prove that intermediate C is formed in the reaction
media, a 1H NMR19 study was achieved on 2e. When 2e was treated
with AlCl3 in CD2Cl2, after 5 min, it was observed by 1H NMR that
2e disappeared and that a stable intermediate was formed. This
intermediate corresponds to C as the treatment of 3e with AlCl3

led to the same intermediate.
In summary, we have described that pyrrolobenzodiazocines

can be obtained in good yields from pyrroloacrylamides when trea-
ted with AlCl3, involving an intramolecular Friedel–Crafts cyclisa-
tion. Further investigations of this efficient intramolecular
cyclisation are in progress in our laboratory and the results will
be reported in due course.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2009.07.145.
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