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A new approach to the design of multicomponent reactions is introduced. As a result, the novel one-pot
synthesis of 2,3,4,5-tetrahydro-1H-1,5-benzodiazepine-2-carboxamide derivatives using an aromatic diamine,
a linear or cyclic ketone, an isocyanide, and water in the presence of a catalytic amount of p-toluenesulfonic
acid at ambient temperature in high yields is described.

Introduction

Multicomponent reactions (MCRs) offer significant ad-
vantages over conventional linear step syntheses, by reducing
time and saving money, energy, and raw materials, thus
resulting in both economical and environmental benefits. At
the same time, diversity can be achieved for building up
libraries by simply variation of each component. Because
of the unique reactivity of the isocyanide functional group,
isocyanide-based MCRs (I-MCRs) are among the most
versatile, in terms of number and variety of compounds that
can be generated. Such considerations are of particular
importance in connection with the design and discovery of
novel MCRs.1

Benzodiazepines2 have been the object of intense inves-
tigation in medicinal chemistry because of their remarkable
central nervous system depressant activity and are now one
of the most widely prescribed class of psychotropics.3 More
recently, the area of biological interest of 1,5-benzodiaz-
epines4 has been extended to antibiotics,5 and various
diseases such as cancer,6 viral infection (HIV),7 and cardio-
vascular disorders.8 The 1,5-benzodiazepine core is found
in compounds active against a variety of target types
including peptide hormones,9 interleukin converting en-
zymes,10 and potassium blockers.8b Tetrahydrobenzodiaz-
epines have been shown to be effective as inhibitors of
farnesyl transferase.11 Two recently published patents indi-
cate that 2,3,4,5-tetrahydro-1H-1,5-benzodiazepine deriva-
tives carrying carboxamide substituents are potentially
important as a therapeutic and prophylactic agent for diabetes,
diabetic nephropathy, or glomerulosclerosis.12

In continuing our interest in I-MCRs,13 herein, we report
a new reaction that affords 2,3,4,5-tetrahydro-1H-1,5-
benzodiazepine-2-carboxamide derivatives 4a-l via the
one-pot condensation of an aromatic diamine 1, a linear
or cyclic ketone 2, an isocyanide 3, and water in the
presence of a catalytic amount of p-toluenesulfonic acid
(p-TsOH · H2O) in methanol at ambient temperature in
high yields (Scheme 1).

To the best of our knowledge, this is the first report of
the synthesis of 2,3,4,5-tetrahydro-1H-1,5-benzodiazepine-
2-carboxamide derivatives using I-MCR, and this new
reaction opens an important field to the use of MCR strategy
in heterocyclic synthesis.

Results and Discussion

In a pilot experiment, o-phenylenediamine and acetone
were stirred in methanol at room temperature with a catalytic
amount of p-toluenesulfonic acid. The progress of the
reaction was monitored by TLC. After 4 h, benzyl isocyanide
and water were added to the reaction mixture, and stirring
was continued for 20 h. After completion of the reaction, an
aqueous workup afforded compound 4a in 80% yield.

In view of the success of the above reaction, we explored
the scope of this promising reaction by varying the structure
of the o-phenylenediamine, ketone, and isocyanide compo-
nents (Table 1). The reaction proceeds very cleanly under
mild conditions at room temperature, and no undesirable side
reactions were observed under these reaction conditions. The
structures of products are shown in Figure 1.

The possible mechanism for the formation of products
4a-l is shown in Scheme 2. It is conceivable that the initial
event is the formation of diimine 5 from condensation
between o-phenylenediamine 1 and 2 mol of ketone 2.1 Then,
an intramolecular imine-enamine cyclization of 5 affords
seven-membered ring 6. On the basis of the well-established
chemistry of the reaction of isocyanides with imines,1

intermediate 7 was produced by nucleophilic attack of
isocyanide 3 to iminium 6, followed by nucleophilic attack
of an H2O molecule on the nitrilium moiety and production
of compound 8. Finally, tautomerization of intermediate 8
produces the 2,3,4,5-tetrahydro-1H-1,5-benzodiazepine-2-
carboxamide derivatives 4.

It is important to note that the proposed mechanism is
supported by characterization of isolated seven-member ring
6a by mass, IR, 1H NMR, and 13C NMR spectra (see the
Supporting Information).

This reaction was highly regioselective. The 1H and 13C
NMR spectra obtained from 5d-j was consistent with the
presence of only one isomer. It may be explained that the
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selectivity is the result of the electronic effect of the electron-
withdrawing groups such as NO2 and COOH, which deac-
tivate the p-amino group, and the reaction is initiated by the
m-amino group to give iminium ion 6 as favored intermedi-
ates (Figure 2).4

Another interesting aspect of this reaction was the high
purity of the product. All of the products (except 4a, 4g,
and 4l) were sufficiently pure after an aqueous workup and
did not require any further purification. In the case of
products 4a, 4g, and 4l, they were crystallized from acetone
to give high purity crystalline products.

Finally, the structure of the favored isomer of 4e was
confirmed unambiguously by single-crystal X-ray analysis

(The Cambridge Crystallographic Data Centre (CCDC) no.
681385) (Figure 3).14

Conclusions

In summary, we have developed a novel condensation
reaction leading to 2,3,4,5-tetrahydro-1H-1,5-benzodiazepine-
2-carboxamide derivatives starting from simple and readily
available precursors. This novel reaction can be regarded as
a new approach for the preparation of synthetically and
pharmaceutically important 2,3,4,5-tetrahydro-1H-1,5-ben-
zodiazepine-2-carboxamide systems, especially, spirocyclic
ones (4i-l). This one-pot reaction includes some important
aspects like the easy workup procedure, high atom economy,

Scheme 1. Synthesis of 2,3,4,5-Tetrahydro-1H-1,5-benzodiazepine-2-carboxamide Derivatives 4a-l

Table 1. Synthesis of 2,3,4,5-Tetrahydro-1H-1,5-benzodiazepine-2-carboxamides 4a-l

entry diamine ketone isocyanide product yielda (%)

1 o-phenylenediamine acetone benzyl 4a 80
2 4,5-dichloro-1,2-phenylenediamine acetone benzyl 4b 84
3 4,5-dichloro-1,2-phenylenediamine acetone cyclohexyl 4c 78
4 4-nitro-1,2-phenylenediamine acetone cyclohexyl 4d 90
5 4-nitro-1,2-phenylenediamine acetone tert-butyl 4e 88
6 4-nitro-1,2-phenylenediamine acetone benzyl 4f 85
7 4-nitro-1,2-phenylenediamine acetone 2,6-dimethylphenyl 4g 75
8 4-nitro-1,2-phenylenediamine acetone 1,1,3,3-tetramethylbutyl 4h 87
9 3,4-diaminobenzoic acid cyclohexanone cyclohexyl 4i 82
10 3,4-diaminobenzoic acid cyclohexanone benzyl 4j 80
11 4,5-dichloro-1,2-phenylenediamine cyclohexanone tert-butyl 4k 86
12 4,5-dichloro-1,2-phenylenediamine cyclohexanone benzyl 4l 80

a Isolated yield.

Figure 1. Structure of products 4a-l.
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selectivity, very good yields, combinatorial diversity, and
mild reaction conditions.

Experimental Section

Typical Procedure: Synthesis of Compound 4a. First,
a solution of o-phenylenediamine (0.108 g, 1 mmol) and
acetone (0.116 g, 2 mmol) in the presence of p-TsOH · H2O
(0.095 g, 5 mol%) was stirred for 4 h in 5 mL of methanol
at ambient temperature. After completion of the reaction,
as indicated by TLC (ethyl acetate/n-hexane, 3/1), benzyl
isocyanide (0.117 g, 1 mmol) and water (0.5 mL) were
added to the reaction mixture. Then the resulting mixture
was stirred for 20 h at ambient temperature. After
completion of the reaction, as indicated by TLC (ethyl
acetate/n-hexane, 4/1), the product was filtered off, washed
further with water, and then crystallized from acetone to
give 4a as yellow crystals (0.258 g, 80%): mp 137-140
°C; IR (KBr, cm-1) 3412, 3380, 3292, 3025, 2934, 2853,
1634, 1543, 1440; 1H NMR (300.13 MHz, DMSO-d6) δ 1.06
(3H, s, CH3), 1.09 (3H, s, CH3), 1.28 (3H, s, CH3), 1.56

(1H, d, J ) 14.2 Hz, CH2), 2.25 (1H, d, J ) 14.1 Hz, CH2),
4.13 (1H, br s, NH), 4.26-4.31 (2H, m, CH2 of benzyl),
4.99 (1H, br s, NH), 6.56-6.75 (4H, m, H-Ar), 7.16-7.24
(5H, m, H-Ar), 7.96 (1H, m, NH-CO); 13C NMR (75.47
MHz, DMSO-d6) δ 30.1, 30.4, 32.2, 42.9, 48.7, 52.8, 60.2,
119.4, 120.1, 121.6, 127.0, 127.5, 128.6, 138.2, 139.9, 176.3;
MS m/z 323 (M+, 8), 189 (100), 133 (65), 91 (20), 65 (15);
Anal. Calcd for C20H25N3O C 74.27, H 7.79, N 12.99; Found
C 74.42, H 7.64, N 13.85.
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