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We report the first preparation of furo- and thieno-fused 1,3-diazepine-4,6-dione derivatives starting
from ethyl 2-(2-methoxy-2-oxoethyl)-3-furancarboxylate and -thiophencarboxylate. The ester function-
alities connected to the hetero-ring were converted regiospecifically into the desired amides. The ester
groups attached to the methylene unit were converted into isocyanates via Curtius rearrangement. The
ring-closure reaction was performed in the presence of lithium bis(trimethylsilyl)amide at room temper-
ature to give furo- and thieno-fused diazepinone derivatives.

� 2013 Elsevier Ltd. All rights reserved.
Benzodiazepinones represent one of the most prominent com-
pound classes in terms of biological activity and pharmacological
properties.1 Among them, 1,4-benzodiazepine derivatives show a
wide spectrum of biological activities2 such as anxiolytic,3 anticon-
vulsant,4 antitumor,5 and anti-HIV.6 Also, they have been found to
inhibit platelet aggregation behaving like the arginine–glycine–
aspartic acid (RGD) peptide sequence,7 and to disrupt the p53-
Hdm2 protein–protein interaction inducing cell growth arrest
and apoptosis.8–10 Moreover, diazepam (1), commercially known
as valium, is widely used in psychotherapy, and lorazepam (2) is
a benzodiazepine drug showing all the characteristic pharmacolog-
ical properties of this skeleton.11
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More importantly, the range of activity of these structures has been
improved considerably through the fusion of the 1,4-benzodiaze-

pine scaffold to a triazole ring.12–14 Alprazolam (3) is used as an
anxiolytic agent15 and some other derivatives are employed as
antidepressants.16 The pyrrolobenzodiazepinone framework is
encountered in a family of naturally occurring antitumor antibiot-
ics, including anthramycin (4) and tilivalline; aptazepine with a
pyrrolobenzodiazepine core is a novel antidepressant agent, which
is undergoing clinical trials.17
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Various diazepinone derivatives in which the benzene ring is
replaced by other heterocycles such as indole, pyrrole, pyridine,

quinolone, etc., have been synthesized and their activities studied.18

Thiophene is an isostere of the benzene ring. Clotiazepam (5),19,20

which is a thiophene-fused diazepinone derivative,21 is a marketed
drug and possesses anxiolytic, sedative and muscle relaxant proper-
ties. On the other hand, furan-fused diazepinone derivatives are not
common in the literature. de Meijere and coworkers22 have de-
scribed an approach to new types of pyrrolo- and furo-condensed
perhydro[1,4]diazepine-2,5-diones 6 starting from spiro seven-
membered ring compounds.

In this communication, we describe a synthetic methodology
for the synthesis of 7,8-dihydro-4H-furo and thieno[2,3-e][1,3]dia-
zepine-4,6(5H)-dione derivatives via Curtius rearrangement
starting from the appropriate diesters attached to a heterocycle.
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Scheme 2. Synthesis of furo-isocyanate derivatives 13a–e.
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For the synthesis of furo-fused diazepinones, furo-amide deriv-
atives 10a–e were prepared from furan diester 7, which was itself
synthesized using the literature method.23 Next, the ester groups
in 7 were hydrolyzed to the corresponding dicarboxylic acid 8 with
KOH at 70 �C. We previously reported that the reactivity of an ester
group connected directly to an aromatic ring was lower than an es-
ter connected to an alkyl group.24 Therefore, an acid functionality
adjacent to a furan ring is less reactive than a methylenic one.
The non-conjugated acid functionality in 8 was converted regio-
specifically into the corresponding monoester 9 in 76% yield by
treatment of diacid 8 with concentrated HCl in methanol. Various
amide derivatives 10a–e were synthesized starting from monocar-
boxylic acid 9. Thus, the monoacid 9 was firstly treated with oxalyl
chloride to give the corresponding acyl chloride and subsequent
treatment with alkyl- or aryl-substituted amines resulted in the
formation of amides 10a–e in high yields (Scheme 1).

The construction of the desired heterocyclic ring systems 14 in-
volved an intramolecular cyclization reaction of the isocyanate 13,
which can be generated by Curtius rearrangement.25 The ester
groups in 10a–e were reacted with hydrazine monohydrate to give
hydrazides 11a–e. The resulting compounds were reacted with
NaNO2 and HCl at low temperatures to furnish the corresponding
acyl azides 12a–e. The acyl azide derivatives were heated at reflux
temperature in toluene to give the key compounds, isocyanates
13a–e, ready for cyclization (Scheme 2).

It was expected that the isocyanates 13a–e would give the de-
sired cyclization products 14a–e. Unfortunately, all efforts, includ-
ing increasing the temperature and prolonged reaction times failed
to convert 13 into 14. Therefore, we turned our attention to
increasing the nucleophilicity of the nitrogen atom. We decided
to use a base to deprotonate the amide proton to achieve this goal,
and subjected amides 13a–c to proton abstraction. Treatment with
the non-nucleophilic strong base, lithium bis(trimethylsilyl)amide
(LiHMDS) afforded the desired cyclization products 14a–c in
52–83% yields (Scheme 3).

The NMR spectral data allowed the assignment of the struc-
tures. Additionally, X-ray diffraction analysis of a representative
sample (14c) was carried out (Fig. 1).26 The results confirmed
unambiguously the desired structure. However, when the same
reaction was carried out with the isocyanates 13d,e, instead of
the expected cyclization products, intermolecular condensation
products 15d,e were formed in lower yields (27% and 50%). When
the R group attached to nitrogen was an alkyl group, the cycliza-
tion reaction proceeded smoothly. However, if the R substituent
was an aryl group, the reaction did not stop at the intramolecular
cyclization products, and the initially formed compounds
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Scheme 1. Synthesis of furoamide derivatives 10a–e.
underwent further intermolecular reaction with the unreacted iso-
cyanate 13d,e to give the final products 15d,e.

We propose that the cyclization products of type 14 have an
acidic NH proton which is susceptible to abstraction under basic
conditions. If R is an alkyl group, the anion formed after abstraction
of the proton is not as stable as in the case of aromatic substituents,
which contributes further to stabilization of these intermediates so
that they can react with an additional equivalent of isocyanate to
give the final products 15d,e.

After successful construction of the furo-diazepinedione scaf-
fold we turned our attention to the general applicability of this
methodology to other heterocycles and synthesized two thieno-
fused diazepinedione derivatives (23a,b) starting from the diester
16. The starting material 16 was synthesized as described in the
literature.24c,27

The ester groups of 16 were hydrolyzed to the corresponding
dicarboxylic acid 17 with K2CO3 at reflux temperature in aqueous
MeOH, and the non-conjugated acid functionalitiy was converted
regiospecifically into the corresponding monoester 18 in 78% yield
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Figure 1. (a) ORTEP diagram of product 14c. Thermal ellipsoids are shown at 50%
probability level. (b) Dimeric structure with the H-bonding pattern (dashed lines)
between the conformers.
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by treatment with concentrated HCl in methanol. Reaction of the
monoacid with oxalyl chloride followed by subsequent reactions
with amines failed to give the desired amides. Therefore, monoac-
ids 18 were treated with ethyl chloroformate and triethylamine in
CH2Cl2, followed by the amines. The corresponding amides 19 were
formed in 83–88% yields (Scheme 4).

The ester groups in 19 were converted into acyl azides 21 as
described above. The reactions of isocyanates 22 with LiHMDS
furnished the desired thieno-fused diazepine-diones 23.

In summary, we have achieved the synthesis of furo- and thie-
no-fused diazepinedione derivatives starting from heterocycles
possessing adjacent ester groups. Formation of the diazepinedione
skeleton was achieved in a single step by the addition of an in situ
generated amide anion to the isocyanate functionality. To the best
of our knowledge, this is the first report in which the construction
of a diazepinedione unit was performed by addition of an anion to
an isocyanate unit. Furthermore, we have shown the applicability
of this synthetic method on two different systems: furan and
thiophene. This methodology should also be applicable to other
heterocycles for the generation of new diazapinedione-fused
heterocycles.
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