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ABSTRACT

Chlorolactames 2a−f reacted with sodium azide to give the cyclopropylketimines 3a−f (75−89%), and acid hydrolysis of 3c,d yielded the
cyclopropylketones 6c,d (61−67%). Compounds 3a−f and 6c,d were transformed by heating (170−240 °C, sublimation) to the air-sensitive
dihydropyrroles 4a−f (51−71%) and dihydrofurans 7c,d (85−91%). Oxidation of the dihydro derivatives 4a−f and 7c,d with DDQ led to novel
types of pyrrolo[3,2-e][1,4]diazepinedione derivatives 5a−f (75−84%) and furo[1H][3,2-e][1,4]diazepinediones 8c,d (91−93%).

A wide range of compounds with the skeleton of tetrahydro-
[1H][1,4]benzodiazepine-2,5-dione1 are well-known for their
interesting biological activities.

Natural products containing this ring system are the

nephrotoxic (+)-iforrestine1 and the antitumor antibiotic oxo-
tomaymycin.2 Synthetic derivatives have shown anxiolytic,3

anticonvulsive,4 antitumor,5 and antithrombotic activities.6

Moreover, they have been found to possess fungicidal and
plant growth regulating activities7 and have been evaluated
for their herbicidal activity.8 Althouth the elaboration of
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various substitution patterns of1 is well established,9 only a
limited number of the reported examples of such compounds
contain imidazo, pyrido, or thieno moieties instead of the
more common benzo ring.9t,10 In this communication we wish
to report an approach to new types of pyrrolo- and furo-
condensed perhydro[1,4]diazepine-2,5-diones.

The new synthesis of hexahydropyrrolo[3,2-e][1,4]diazepine-
2,5-diones and tetrahydrofuro[1H][3,2-e][1,4]diazepine-2,5-
diones starts with the chlorolactames2a-d and (2′S,6′S)-
2e,f,11 which were cleanly converted in good yields (75-
89%) directly to the imines3a-f by treatment with sodium
azide in DMSO (Table 1). It was surprising that these

nucleophilic substitutions by azide were so easily succeeded
by elimination of nitrogen under the applied conditions.12

The structural assignments of3a-f were made on the basis

of their spectral data and corroborated by an X-ray crystal
structure analysis of the 2-furfuryl-substituted derivative3b.13

The Cloke rearrangements14 of the cyclopropylketimines
3 could not be brought about under the usual acid catalysis.
Better results were obtained when3c was heated in a small
sublimation apparatus at 180°C for 5 min followed by
sublimation onto the coldfinger under reduced pressure (<5
× 10-5 mbar, 170f 240 °C). This gave4c in 62% yield,
and under the same or slightly modified conditions, the other
1-substituted dihydropyrrole derivatives4a,b,d were also
obtained in good yields (64-71%) (Table 1). Interestingly,
the rearrangement of3e and 3f did only occur at higher
temperature (220°C), and gave the 1,3-disubstituted deriva-
tives4eand4f as crude products in lower yields (51-59%).

When the air-sensitive compounds4a-f were treated with
1,2-dichloro-5,6-dicyanobenzoquinone (DDQ) in chloroform
at 40 °C, the 1,2,3,4,5,6-hexahydropyrrolo[3,2-e][1,4]-
diazepine-2,5-diones5a-f were obtained in good yields
(75-84%),15 and the structure of5c was unequivocally
proved by X-ray crystal structure analysis13 (Scheme 1). Acid

hydrolysis of the substituted benzyl derivatives3c and 3d
yielded the ketones6c (67%) and 6d (61%). Thermal
rearrangement of the cyclopropylketones614 using the same
experimental setup at 200°C afforded the dihydrofuran
derivatives 7c and 7d in very good yields (85-91%).
Compounds7c,d were found to be more stable than the
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Table 1. Yields of Imines3, Dihydropyrrole Derivatives4,
and Hexahydropyrrolo[3,2-e]-[1,4]diazepine-2,5-diones5 (see
Scheme 1)

yield (%)

entry R1 R2 3 4 5

a n-pentyl H 89 71a 84
b 2-furfuryl H 75 69b 75
c 4-MeO(C6H4)CH2 H 77 62 80
d 4-Cl(C6H4)CH2 H 82 64b 83
e Me CH2CH2SMe 82 51a 77
f Me i-Bu 85 59a 82

a Crude product.b Contains 5% of starting material3 according to the
1H NMR spectrum.

Scheme 1

4250 Org. Lett., Vol. 2, No. 26, 2000



corresponding dihydropyrroles4a-f, and oxidation with
DDQ occurred more slowly in refluxing chloroform, afford-
ing 2,3,4,5-tetrahydrofuro[1H][3,2-e][1,4]diazepine-2,5-di-
ones8c (91%) and8d (93%)15 (Scheme 2, Table 2).
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Scheme 2 Table 2. Yields of Ketones6, Dihydrofuran Derivatives7, and
Tetrahydrofuro[1H][3,2-e][1,4]diazepine-2,5-diones8 (see
Scheme 2)

yield (%)

entry R 6 7 8

c 4-MeO(C6H4)CH2 67 91 91
d 4-Cl(C6H4)CH2 61 85 93
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