
Research Article
A Simple and Advantageous Synthesis of the Privileged
1,4-Benzodiazepine Nucleus

Neetu Jain and Dharma Kishore

Department of Chemistry, Banasthali University, Banasthali, Rajasthan 304022, India

Correspondence should be addressed to Neetu Jain; to.neetu@yahoo.com

Received 30 April 2014; Revised 5 July 2014; Accepted 11 July 2014; Published 11 August 2014

Academic Editor: Hideto Miyabe

Copyright © 2014 N. Jain and D. Kishore. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

A novel domino approach has been described for an easy access of the privileged nucleus of 5-carbomethoxy substituted
1,4-benzodiazepin-2-ones 4(a–i) from an in situ methanolic hydrolysis of an incipient species formed from the interaction
of 1-chloroacetylisatin 2(a–i), hexamethyldisilazane, and n-butyl lithium. The reaction is believed to take place through a
consecutive series of intramolecular reactions in a cascade to first generate a highly reactive carbene intermediate 3(a–i) from
1-chloroacetylisatin and n-butyl lithium which is simultaneously trapped by hexamethyldisilazane before undergoing its in situ
hydrolysis with methanol to initiate its concomitant cyclocondensation to produce 4(a–i) in high yield and purity.

1. Introduction

Exploration of synthetic processes that lead to the develop-
ment of small molecules of medicinal interest by telescoping
themulticomponent operations into a single step or resorting
to a process such as domino reactions is a rapidly emerging
subject in medicinal chemistry. Ever since Koch et al. [1]
carried out a quantitative analysis of physiologically active
natural product scaffolds and showed that ones with two
or three rings were most often found in bioactive natural
products, the interest on various facets of the chemistry
of small molecules has expanded exponentially thereafter.
Benzodiazepines and their analogues have been recognized
recently to belong to the class of privileged heterocyclic
structures, [2–5] by virtue of their ability to form ligands to
a number of functionally and structurally discrete biological
receptors [6–13]. This property stimulated chemists to utilize
their potential in the design and development of molecular
probes for biological evaluations. Ubiquitous presence of this
nucleus in the psychopharmacologically active agents and in
molecules active against HIV infection, for example, TIBO
(1) [14–17] and FDA approved dipyrido diazepine analogue
nevirapine (2) [18–24] in Figure 1 provided an impetus
for an enormous research effort to be directed towards

the development of their structural analogues of medicinal
importance [25, 26].

2. Results and Discussion

This communication reports the application of a novel
domino process for an easy access of the privileged nucleus
of 5-carbomethoxy substituted 1,4-benzodiazepin-2-ones
4(a–i) from the ring expansion of 1-chloroacetylisatins
2(a–i), initiated by hexamethyldisilazane under the influence
of n-butyl lithium.N-Butyl lithium formed an obvious choice
since it has been used as a catalyst in amination of active
alkyl halides with hexamethyldisilazane. Amination of 1-
chloroacetylisatin (2) formed the key step in allowing it to
undergo ring expansion to give 4. Ogata and Matsumoto’s
[27] original procedure which employed Delepine reaction
in the amination of 2 with methanolic solution of hexamine
produced 4 in low yield.This called out to revisit this reaction
to augment the scope of this reaction in view of the yield of
this product.

It is believed that Delepine reaction proceeded with the
formation of the hexaminium ion. We surmise that it was
the bulky nature of hexamine which hindered its formation
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from 2. We assumed that this problem could possibly be
circumvented by carrying out the amination of 2 with less
bulkier agents. In consideration of the potential of hex-
amethyldisilazane [28] in amination reaction, in our initial
attempt, we replaced hexamine with this reagent. However,
contrary to our expectation, 2 resisted its reaction with this
reagent and caused it to be recovered unchanged from the
reaction mixture. A search for possible use of a catalyst in
this reaction revealed that n-butyl lithium has been used in
aminations employing hexamethyldisilazane. This provided
optimism for this reaction too, to succeed with the use of
this catalyst. This expectation turned into a reality in all the
runs using a wide variety of substituted 1-chloroacetylisatin
derivatives to produce 4 in an exceptionally high yield and
purity (Table 1).

We suggest that this reaction proceedswith the base catal-
ysed dehydrochlorination of 2 to generate an acyl carbene
intermediate 3 which is subsequently trapped by hexam-
ethyldisilazane. The relatively small size of carbene precludes
the steric factor in the reaction with hexamethyldisilazane.
The hydrolysis of bis(trimethylsilyl) group from this with
methanol sets the stage for it, to undergo ring expansion to
give 4.

In view of the extremely weak nucleophilic character of
isatinylamide nitrogen of 3, the possibility of the rearrange-
ment of the acyl carbene intermediate had to be ruled out.
(No rearranged product was, however, traceable from the
reaction mixture.)

As the carbene was not likely to be trapped by the
tertiary amine (hexamine) its reactionwith hexaminewas not
examined.

3. Experiment

All the melting points were taken in open capillaries and are
uncorrected. The purity of all the compounds were checked
by TLC using the solvent systems (benzene :methanol,
9 : 1 v/v) and silica gel G as adsorbent. IR spectra were
recorded on Shimadzu FTIR-8400 infrared spectrometer
using KBr, 1H NMR were recorded on Bruker AC 300F
in CDCl

3
+ DMSO-d

6
(2 : 1 v/v, TMS as internal reference

and chemical shifts expressed in 𝛿 ppm), and mass spectra

were recorded on Jeol-JMS-D-D-300 mass spectrometer.
Reagents, 5-fluoro-, 5-chloro-, 5-bromo-, 5-iodo-, 5-methyl-,
5-methoxy-, 5-nitro-, and 5,7-dimethylisatins were procured
from commercial sources and used as such in the reaction
without further purifications (see Scheme 1).

3.1. General Methods for the Preparation of 2(a–i) from 1(a–i).
5-Fluoroisatin (1b, 0.068mol) was vigorously refluxed with
chloroacetyl chloride (0.090mol) for 7 h. and themixturewas
cooled overnight at 0–5∘C. The crude product which settled
was filtered, washed with 20mL of ether, air-dried, and then
recrystallised from ethyl acetate to give 2b, yield: 88%, m.p.
165-166∘C. Other compounds 2(a, c–i) were prepared from
1(a, c–i) using this procedure.

3.2. General Methods for the Preparation of 4(a–i) from 2(a–
i). 5-Fluoro-1-chloroacetylisatin (2b, 0.01mol) was dissolved
in dry THF (20mL) and to this solution n-butyl lithium
(0.01mol) and hexamethyldisilazane (0.01mol) were added.
The reactionmixture was magnetically stirred for 2 h at room
temperature. The progress of reaction was checked by TLC.
Methanol (20mL) was added to the reaction mass and the
mixture was refluxed for 5 h. It was then poured on crushed
ice, filtered, air-dried, and recrystallised from methanol to
give 4b, yield: 87%, m.p. 198–200∘C. Other compounds 4(a,
c–i) were prepared from 2(a, c–i) using the same procedure.

4. Conclusion

In summary, a high yielding n-butyl lithium catalysed
one-pot domino process has been developed to the facile
access of the privileged nucleus of methyl-1,3-dihydro-2H-
1,4-benzodiazepin-2-one-5-carboxylates 4(a–i) at ambient
temperature from the ring expansion of the corresponding 1-
chloroacetylisatins 2(a–i) under the influence of hexamethyl-
disilazane.
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Scheme 1: Schematic presentation of the synthesis of the compounds.
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