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Abstract—A new synthetic route for the access to [1,2,3]triazolo[1,5-a][1,4]benzodiazepines and other derivatives is described. This
strategy is based on the cycloaddition of 2-oxoalkylidenephosphoranes to o-functionalized aryl azides followed by the reaction of the
corresponding triazole intermediate with amines. This new approach presents unique properties such as regioselectivity, modularity,
mild reaction conditions, and high yields.
� 2007 Elsevier Ltd. All rights reserved.
Among the drugs used in the treatment of central ner-
vous system (CNS) disorders, 1,4-benzodiazepines have
occupied a prominent place during the last 40 years.1

Consequently, elegant and practical syntheses of these
heterocyclic systems have been developed.2 A simple
modification of the benzodiazepine core consists of the
annelation of a new heterocyclic moiety to the benzodi-
azepine framework.3 Alprazolam (A) and Estazolam (B)
belong to this family of compounds which possesses a
1,2,4-triazole ring fused to the 1,2 position of the diaze-
pine (see Fig. 1). Both are common anxiolytic agents
and have found both clinical and commercial success.4

In this context, we directed our attention to the synthesis
of [1,2,3]triazolo[1,5-a][1,4]benzodiazepines (C in Fig. 1).
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Figure 1. Alprazolam (A), Estazolam (B) and structure of 4H-
[1,2,3]triazolo[1,5-a][1,4]benzodiazepine (C).
Several approaches to this type of compounds have been
described previously in the literature, all of them based
on inter/intramolecular cycloadditions of aryl azides to
alkenes or acetylenes (Huisgen dipolar cycloaddition)
to generate the triazole ring.5 In spite of its popularity,
the Huisgen approach presents some disadvantages,
such as the high activation energies of these cycloaddi-
tions, which are very slow even at elevated temperatures,
and the lack of regioselectivity when unsymmetrical
dipolarophiles are used.6 Recently, Sharpless and others
demonstrated that these processes are catalyzed by
Cu(I)7 or Ru(II)8 with high levels of regioselection. Sur-
prisingly, alternative synthetic routes for the preparation
of the tricyclic structures C have been rarely pursued.

Herein, we disclose a new synthetic strategy for the syn-
thesis of [1,2,3]triazolo[1,5-a][1,4]benzodiazepines by
starting from easily available o-functionalized aryl
azides (Scheme 1). The key step is the formation of the
triazole moiety present in intermediates 3 (Scheme 1)
by the regioselective thermal cycloaddition of (3-chloro-
acetonylidene)triphenylphosphorane (2) to aryl azides
1a–d (Harvey approach).6c,9 This reaction can be visual-
ized as a 1,3-dipolar cycloaddition of the azido group to
the C@C bond of the betainic form of the ketophospho-
rane with subsequent spontaneous elimination of phos-
phine oxide.

2-Azidobenzyl chloride (1b)10 and 2-azidobenzaldehyde
(1c)11 could be obtained in good yields from 2-azidobenz-
yl alcohol (1a)12 by treatment with thionyl chloride or
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Scheme 1. Reaction of the o–functionalized aryl azides1a–d with (3-chloroacetonylidene)triphenylphosphorane (2) to give triazoles 3a–d and 4H,6H-
[1,2,3]triazolo[1,5-a][4,1]benzoxazepine 4.
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PCC, respectively (Scheme 1). The reaction of 1a–c with
2 led to triazoles 3a–c in good yields (60–90%)13

although experimental conditions, that is, temperature
and solvent, were crucial for the formation of 3 (see
Scheme 1). Thus, an increase of temperature, from
80 �C to reflux, in the reaction of 1a with 2 led to
4H,6H-[1,2,3]triazolo[1,5-a][4,1]benzoxazepine (4) (80%)
instead of to 3a. On the other hand, the reaction of azide
1c with 2 in toluene at 90 �C led to a mixture of
compounds resulting from the Wittig reaction of the
phosphorane with the formyl group of 1c before or after
the formation of the triazole ring (not shown in Scheme
1). Triazole 3c could be alternatively obtained from 3a
by treatment with PCC (60%). Finally, the reaction of
methyl 2-azidobenzoate14 (1d) with 2 in refluxing tolu-
ene led to triazole 3d in 90% yield.

The triazole intermediates 3 can act as bis-electrophilic
species reacting with different amines to form the benzo-
diazepine nucleus (Scheme 2 and Table 1). Triazole 3b
was reacted with ammonia, benzylamine or p-toluidine
to give the corresponding 4H,6H-[1,2,3]triazolo[1,5-a]-
[1,4]benzodiazepines 5a–c in excellent yields (Scheme 2
and Table 1, entries 1–3). In the two latter cases, the
presence of triethylamine was necessary.15 The hetero-
X
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Scheme 2. Triazoles 3b–d were reacted with different amines to give
[1,2,3]triazolo[1,5-a][1,4]benzodiazepines 5 (see also Table 1 and
Scheme 3).
polycyclic structures 5a–c could be prepared also from
triazole 3c through an alternative route depicted in
Scheme 3. Thus, the reaction of 3c with ammonia in
acetonitrile led to 4H-[1,2,3]triazolo[1,5-a][1,4]benzo-
diazepine (6a) in 87% yield. The subsequent treatment
of 6a with NaBH4 gave 5a (86%). On the other hand,
3c was allowed to react with benzylamine or p-toluidine
and subsequently with NaBH4 to give 5b–c (50–53%).

4H-[1,2,3]Triazolo[1,5-a][1,4]benzodiazepin-6-ones 5d–f
(Table 1, entries 4–6) were prepared by the reaction of
triazole 3d with ammonia, benzylamine or p-toluidine
respectively in yields ranging 52–87%. Finally, ethanol-
amine and two other optically active amino alcohols
were used as bis-nucleophiles. While the reaction of 3c
and ethanolamine led to the chiral tetracyclic structure
5g (Table 1, entry 7), the reaction of 3c with (S)-phenyl-
glycinol and (S)-phenylalaninol gave u-5h and u-5i in
excellent yields and high levels of diastereoselection
(entries 8–9).16,17

In summary, our methodology provides a new and
clean synthetic access to [1,2,3]triazolo[1,5-a][1,4]benzo-
diazepines and other derivatives of pharmacological
interest using readily available and inexpensive starting
materials derived from anthranilic acid. These complex
structures can be rapidly assembled using a short
sequence of transformations. This new strategy, based
on the Harvey approach to the synthesis of triazoles,
presents unique properties such as regioselectivity,
modularity, mild reaction conditions, and high yields.
The rich array of functionalities displayed by the
intermediate products 3 provides opportunities for its
application in the preparation of combinatorial
libraries.



Table 1. [1,2,3]Triazolo[1,5-a][1,4]benzodiazepines 5a–i produced via the reaction depicted in Scheme 2

Entry Starting material X Z Reaction conditions Product Yielda (%)

1 3b CH2Cl H Acetonitrile,b 25 �C, 16 h

NH

N N

N

5a

85

2 3b CH2Cl Bn Et3N, CH2Cl2, 25 �C, 48 h

N

N
N

N

Bn

5b

90

3 3b CH2Cl p–Tol Et3N, CH2Cl2, reflux, 36 h

N

N
N

N

Tol-p

5c

72

4 3d COOMe H Acetonitrile,b 80 �C, 12 h

NH

N N

N

5d

O

87

5 3d COOMe Bn Et3N, toluene, reflux, 5 days

N

N
N

N

5e

Bn
O

80

6 3d COOMe p-Tol Et3N, toluene, 140 �C, 14 days

N

N N

N

5f

Tol-p
O

52

7 3c CHO HOCH2CH2 Et3N, CH2Cl2, 25 �C, 8 h

5g

N

N
N

N

O

93

8 3c CHO
HO

Ph
Et3N, CH2Cl2, 25 �C, 72 h

u-5h

N

N
N

N

O Ph

l-5h

N

N N

N

O Ph

83 (dr 10:1)c

9 3c CHO
HO

Bn
Et3N, CH2Cl2, 25 �C, 48 h

u-5i

N

N N

N

O Bn

l-5i

N

N N

N

O Bn

80 (dr 10:1)c

a After purification by chromatography.
b In this case the addition of Et3N was not necessary.
c Determined by 1H NMR analysis of characteristic signals directly on the crude product (error ±5% of the stated value).
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