
Tetrahedron Letters 50 (2009) 1435–1437
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Synthesis of 3-aryl substituted benzo[1,2,5]triazepin-4-ones
via intramolecular imine formation

Mirosław J. Tomaszewski, Luc Boisvert, Shujuan Jin *

Department of Medicinal Chemistry, AstraZeneca R&D Montréal, 7171 Frédérick-Banting, Saint-Laurent, Québec, Canada H4S 1Z9

a r t i c l e i n f o a b s t r a c t
Article history:
Received 22 December 2008
Revised 11 January 2009
Accepted 12 January 2009
Available online 19 January 2009

Keywords:
Heterocycles
a-Ketoamides
Pyrido[1,2,5]triazepin-4-ones
Trifluoroacetyl hydrazines
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.01.064

* Corresponding author. Tel.: +1 514 832 3200; fax
E-mail address: shujuan.jin@astrazeneca.com (S. Ji
3-Aryl substituted benzo[1,2,5]triazepin-4-ones and their pyrido counterparts have been synthesized in
five steps from commercially available starting materials. The key step involves base-induced cleavage of
trifluoroacetyl-protected hydrazine intermediates and in situ intramolecular imine formation.
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The benzodiazepinone scaffold (A, Fig. 1) has emerged over the
years as an extremely rewarding template for drug discovery.1,2

Besides the widely used sedative diazepam, benzodiazepinones
have shown promise for treating a variety of conditions, including
ventricular arrhythmia,3 rheumatoid arthritis,4 obesity,5 migrane,6

and Alzheimer’s disease (AD).7 Compounds possessing a benzo
[1,2,5]triazepine core (B) also display significant activities against
an array of molecular targets,8 such as the dopamine D-1 and seroto-
nin (5HT) receptors9,10 and the reverse transcriptase of HIV-1.11

Although several methods for constructing benzotriazepines
can be found in the literature,12 the related benzotriazepinones
(C) have only received scant attention.13,14 Members of the latter
class were first prepared by Rossi and co-workers using cyclization
of diazonium salts derived from acyl-o-phenylenediamines.13

While the yields of benzotriazepinones are generally high, the
preparation of diazonium salts is an obvious inconvenience, espe-
cially on a large scale. An alternative, more recent approach relies
on the dehydrative cyclization of N-(o-aminoaryl) succinate or
malonate hydrazones.14a,b However, this approach is limited with
regard to the nature of the C3-substituent due to competing
1,2,4-triazine formation.14b,c Hence there is a need for new meth-
odology that would allow access to a range of custom-designed
benzotriazepinones from readily available precursors.

Of particular interest to us were the hitherto unknown 3-aryl-
substituted benzo and pyrido[1,2,5]triazepin-4-ones (1). Earlier at-
tempts to prepare such compounds by Kodato and co-workers
have failed due to competing 6-endo-trig cyclization of the hydra-
ll rights reserved.

: +1 514 832 3232.
n).
zone intermediates.15 Here we report a successful strategy for con-
structing 1 based on the retrosynthetic analysis outlined in Scheme
1. Assemblage of the triazepinone ring was envisioned by intramo-
lecular imine formation of hydrazine a-ketoamides 2 which would
arise from halonitroaromatics 4 by SNAr substitution (cf. 4?3),
reduction of the nitro group, a-ketoamide formation, and removal
of the N-protecting group (PG).

Initial efforts to probe the feasibility of this pathway established
that the trifluoroacetyl group was a good choice for hydrazine pro-
tection (vide infra). The preparation of the requisite trif-
luoroacetylhydrazines (cf. 3a–d) was readily achieved from
commercially available chloro or fluoro nitroaromatics (4a–d), by
conversion to the corresponding methylhydrazines (5a–d)16 and
ensuing reaction with trifluoroacetic anhydride in the presence of
Hünig’s base (Table 1).

Chemoselective reduction of the nitro group in 3 was achieved
with over 90% efficiency by reaction with hydrogen in the presence
of Adam’s catalyst in toluene (Table 2). Keeping reaction times short,
by monitoring amine formation with LC–MS, proved essential due to
the instability of the resulting amine products, attributed to their
propensity of undergoing cyclization to triazines.16b,17 The crude
O O
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Figure 1. Scaffolds A–C.
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Table 3
Synthesis of benzo and pyridotriazepinones
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Table 1
Synthesis of aromatic trifluoroacetylhydrazines
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Entry Substrate R X Y % Yielda of 5 % Yielda of 3

1 4a H Cl CH 94 (5a) 77 (3a)
2 4b 5-CF3 F CH 93 (5b) 95 (3b)
3 4c 6-Me F CH 82 (5c) 93 (3c)
4 4d H Cl N 75 (5d) 92 (3d)

a Yields refer to chromatographically isolated products.
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amines were immediately transformed to the desired a-ketoamides
by reaction with the appropriate a-ketoacid chloride, prepared
in situ from the corresponding a-ketoacid and thionyl chloride.
Using this simple procedure,18 a range of a-ketoamides (6a–h) were
obtained in good to excellent yields (Table 2).

Exposure of the a-ketoamides to potassium carbonate in
MeOH/H2O at room temperature accomplished both removal of
the trifluoroacetyl group and intramolecular imine formation to
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a Yields refer to chromatographically isolated products of over 98% purity (HPLC).
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Scheme 1. Retrosynthetic analysis of 1.

Table 2
Synthesis of a-ketoamides
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Entry Substrate R Y Ar % Yielda of 6

1 3a H CH Ph 84 (6a)
2 3a H CH 2-Furyl 75 (6b)
3 3a H CH 2-Thienyl 78 (6c)
4 3b 5-CF3 CH Ph 99 (6d)
5 3c 6-Me CH Ph 90 (6e)
6 3d H N Ph 95 (6f)
7 3d H N 2-Furyl 91 (6g)
8 3d H N 2-Thienyl 96 (6h)

a Overall yields of chromatographically isolated products after two steps.
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Figure 2. X-ray structure of benzotriazepinone 1a.
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furnish the desired benzotriazepinones in yields of 33–76% after
purification by preparative HPLC (Table 3).19 The products (1a–h)
were readily identified by the characteristic 13C NMR signal of
the carbonyl carbon at ca. 163–166 ppm.20 As all of these com-
pounds were crystalline, we were able to secure irrefutable proof
for the proposed structures by performing X-ray diffraction analy-
sis of benzotriazepinone 1a (Fig. 2).21

Finally, it is worth mentioning that the choice of trifluoroacetyl
group for protecting the hydrazine moiety proved crucial for suc-
cess of the final step in the synthesis (cf. 6?1). Attempts to trans-
form either the Boc or Fmoc-protected analogues of 6a to
triazepinone 1a under acidic or basic conditions, respectively, led
to complex mixtures in which none of the desired product could
be detected by LC–MS.

In summary, a convenient synthesis of the previously unknown
3-aryl-substituted benzo and pyrido[1,2,5]triazepin-4-ones has
been developed. The key step involves one-pot deprotection-intra-
molecular imine formation of trifluoroacetylhydrazines 6, which
are prepared in four straightforward steps from commercial start-
ing materials. Efforts aimed at establishing shorter versions of this
pathway are currently underway.
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