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We have developed a novel synthetic method accessing benzo
[b][1,4]oxazepines that are one of the rare classes of benzoxaze-
pine derivatives by reaction of 2-aminophenols with alkynones in
1,4-dioxane at 100 °C. A series of benzo[b][1,4]oxazepine deriva-
tives can be prepared by using this synthetic protocol. Mechanistic
experiments indicated that the hydroxy proton of the aminophenol
could play a crucial role in the formation of an alkynylketimine
intermediate that undergoes 7-endo-dig cyclization.

Benzoxazepine derivatives are one of the important seven-
membered heterocycles that are known to exhibit potent
pharmacological activities."”> Due to their attractive features,
the synthetic study of the privileged heterocyclic compounds
has received a great deal of attention from the synthetic com-
munity and thus the syntheses of a wide variety of benzoxaze-
pine derivatives, such as dibenzoxazepinones,® dibenzoxaze-
pines,* and benzoxazepinones,® have been achieved in the past
few decades.® However, there are few examples for the
synthesis of the most simple benzoxazepines that consist of
benzene and oxazepine rings, because the conventional
synthetic methods usually rely on the aromatic nucleophilic
substitution, transition metal-catalyzed coupling reaction of
aromatic halides, and condensation of carboxylic acid deriva-
tives. Given the fact that benzoxazepine analogues would
exhibit potentially high biological activities, developing syn-
thetic tools to produce such a rare class of benzoxazepines
remains highly desirable. As an example for the preparation of
benzoxazepines, Jiang and co-workers reported the synthesis
of benzo[b][1,4]oxazepine derivatives, in which the three-com-
ponent coupling reaction of 2-aminophenols, bromoalkynes,
and isocyanides proceeded in the presence of a palladium
catalyst to give the corresponding 4-amine-benzo[b][1,4]oxaze-
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pines in high yields (Scheme 1a).” Later, Cui and co-workers
reported the efficient synthesis of substituted benzo[b][1,4]oxa-
zepines from enaminones in the presence of Cs,CO; as the
promoter (Scheme 1b).> However, these methods require the
use of a precious metal catalyst and a stoichiometric amount
of base.

On the other hand, we have recently reported the synthesis
of benzoxazoles via the copper-catalyzed hydroamination of
alkynones with 2-aminophenols.’ During the optimization of
the reaction conditions of the copper catalysis, we found that
the reaction of 2-aminophenols with 1.2 equivalents of alky-
nones in o-xylene at 100 °C gave benzo[b][1,4]oxazepines in
good yields. We now report a novel synthetic method that
allows easy and efficient access to benzo[b][1,4]oxazepines by
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Scheme 1 Synthesis of substituted benzol[b][1,4loxazepines. (a) Jiang's
work. (b) Cui's work. (c) This work.
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the reaction of 2-aminophenols with alkynones (Scheme 1c).
In this method, the reaction can proceed without the use of
additional reagents, such as a transition metal catalyst and a
base, thus providing an efficient protocol for the synthesis of
benzo[b][1,4]oxazepines that are one of the rare classes of ben-
zoxazepine derivatives.

At the outset of our study, we examined the optimization of
the reaction conditions (Table 1). We carried out the reaction
of 4-methyl-2-aminophenol (1a) with 1.2 equivalents of alky-
none 2a in o-xylene at 100 °C (entry 1). We confirmed that
benzo[b][1,4]oxazepine 3aa was formed in 23% yield as a side
product along with the formation of benzoxazole 4 in 48%
yield. We speculate that the benzoxazole 4 would be obtained
by the conjugate addition of 1a to 2a'® and subsequent intra-
molecular cyclization/elimination of an acetone sequence.
Motivated by this finding, we sought to develop a novel
method for the synthesis of benzo[b][1,4]oxazepines. We
initially tested various solvents (entries 2-8). As a result, the
ether type solvents, such as 1,4-dioxane, CPME, and diglyme,
were found to be effective for the reaction. In particular, the
use of 1,4-dioxane as the solvent afforded the desired product
3aa in 63% yield as the main product (entry 3). With the suit-
able solvent in hand, we next evaluated the effect of the
loading amount of alkynone 2a (entries 9-12). To our delight,
the reaction of aminophenol 1a with 1.5 equivalents of alky-
none 2a was performed in 1,4-dioxane at 100 °C to give the
desired benzo[b][1,4]oxazepine 3aa in 70% yield (entry 9).
When 2.0 equivalents of 2a were employed in this reaction
system, the yield of 3aa was further improved to 76%

Table 1 Optimization of the reaction conditions?

Ph
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X
NE
3aa
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+ _ >
(0] solvent, 100 °'C +
19 h o
% )@: >—Ph
Ph N
2a
(X equiv) 4

Entry X Solvent Yield of 3aa” (%) Yield of 4” (%)
1 1.2 o0-Xylene 23 48
2 1.2 Toluene 21 38
3 1.2 1,4-Dioxane 63 11
4 1.2 CPME 53 24
5 1.2 Diglyme 55 15
6 1.2 DMSO 4 2
7 1.2 DMF 41 12
8 1.2 tAmOH 16 25
9 1.5 1,4-Dioxane 70 10
10 2.0 1,4-Dioxane 76 (77)° 7
11 2.2 1,4-Dioxane 74 7
12 2.5 1,4-Dioxane 69 5

“Reaction conditions: 1a (0.30 mmol) and 2a (1.2-2.5 equiv.) in
solvent (0.6 mL) at 100 °C for 19 h. ? The yields were determined by 'H
NMR analyses of the crude reaction mixture using dibromomethane as
an internal standard. “Isolated yield.
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(entry 10). On the other hand, the use of 2.2 and 2.5
equivalents of 2a led to a decrease in the yield of 3aa
(entries 11 and 12).

With the optimized reaction conditions in hand, we exam-
ined the reaction of several 2-aminophenols 1 with alkynone
2a under the optimized reaction conditions (Scheme 2)."" The
reaction of 4-methyl-2-aminophenol (1a) with alkynone 2a can
be scaled up to 3 mmol scale without any loss of the reaction
efficiency, providing the desired product 3aa in 79% yield. The
reaction of 2-aminophenol (1b) and 5-methyl-2-aminophenol
(1c) with alkynone 2a smoothly proceeded to give the desired
benzo[b][1,4]oxazepines 3ba and 3ca in 77% and 81% yield,
respectively. 2-Aminophenols 1d and 1e bearing methoxy and
trifluoromethyl groups on their aromatic rings underwent the
reaction to afford the desired products 3da and 3ea in moder-
ate yields. A 5-fluoro substituent on the aromatic ring was tol-
erated during this transformation, giving the benzo[b][1,4]oxa-
zepine 3fa in 60% yield. On the other hand, the reaction of
2-aminophenols 1g and 1h bearing 5-chloro and 5-bromo sub-
stituents led to low yields of 3ga and 3ha. Benzo[b][1,4]oxaze-
pine 3ia having a phenyl group at the 4 position on the aro-
matic ring was obtained in 51% yield.

We next investigated the reaction of 2-aminophenol (1b)
with a wide variety of alkynones 2 (Scheme 3)."' The reaction
of 1b with alkynones bearing methyl (2b) and methoxy (2c)
substituents at the para position on their phenyl rings took
place to give benzo[b][1,4]oxazepines 3bb and 3bc in 73% and
69% yield, respectively. The structure of 3bc was determined
by X-ray crystallographic analysis as shown in Scheme 4.
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Scheme 2 Scope of 2-aminophenols 1. Reaction conditions: 1
(0.30 mmol) and 2a (0.60 mmol) in 1,4-dioxane (0.6 mL) at 100 °C for
19 h. ? 3 mmol scale.
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Scheme 3 Scope of alkynones 2. Reaction conditions: 1b (0.30 mmol)
and 2 (0.60 mmol) in 1,4-dioxane at 100 °C for 19 h. ® With a trace
amount of inseparable impurities.

Scheme 4 X-ray crystal structure of 3bc.

Alkynone 2d having a chloro atom underwent the reaction to
give the desired product 3bd in 64% yield.

meta-Tolyl- and ortho-tolyl-substituted benzo[b][1,4]oxaze-
pines 3be and 3bf were obtained in good yields. The use of
alkynone 2g bearing a thiophene ring led to a low yield of the
desired benzo[b][1,4]oxazepine 3bg. The propyl (3bh) and iso-
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butyl (3bi) substituents can be introduced to the oxazepine
skeleton instead of the methyl group in good yields. The reac-
tion of 1b with alkynone 2j bearing a sterically bulky ketone
consisting of a secondary butyl group also proceeded to give
the desired product 3bj in 44% yield, albeit with a mixture of a
trace amount of an inseparable impurity. Unfortunately, the
reaction with alkynones bearing an electron-poor aromatic
ring (R' = 4-CF;C4H,, R* = Me), aliphatic alkyne groups (R' =
phenethyl or hexyl, R> = Me), and an aromatic ketone group
(R' = Ph, R* = Ph) did not work well under the reaction
conditions.

We next demonstrated the mechanistic consideration of the
transformation (Scheme 5). We initially examined the mechan-
istic experiments as shown in Schemes 5a and b. We con-
firmed that the reaction of o-anisidine 5 or o-hydroxyacetani-
lide 6 with 2.0 equivalents of alkynone 2a under the reaction
conditions did not proceed at all (Scheme 5a). Furthermore,
while the reaction of aminophenol 1b with 2.0 equivalents of
acetophenone under the reaction conditions afforded the
corresponding ketimine in a 20% NMR yield, no ketimine
product was observed in the reaction with o-anisidine 5
(Scheme 5b). These results indicated that the presence of a
phenolic proton might be necessary for the formation of an
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Scheme 5 Mechanistic consideration.
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Scheme 6 Transformation of benzolb][1,4]oxazepine 3aa.

alkynylketimine intermediate. Based on these results, we pro-
posed the possible reaction mechanism as shown in
Scheme 5c. Initially, the reaction of aminophenol 1b with alky-
none 2a would occur to produce an alkynylketimine intermedi-
ate. We surmised that this process would be accelerated by the
hydrogen bonding interaction between the carbonyl group of
alkynone 2a and the phenolic proton of aminophenol 1b."* The
alkynylketimine intermediate would undergo intramolecular
7-endo-dig cyclization to give the desired benzoxazepine 3ba."?

Next, we attempted to examine the transformation of benzo
[b][1,4]oxazepine 3aa (Scheme 6). Benzo[b][1,4]oxazepine 3aa
was converted into 4,5-dihydrobenzo[b][1,4]oxazepine deriva-
tive 7 in 78% yield by reduction with NaBH, in MeOH.

Conclusions

In conclusion, we have achieved the efficient synthesis of
benzo[b][1,4]oxazepines that belong to one of the rare classes
of benzoxazepine derivatives by the reaction of 2-aminophe-
nols with alkynones. A series of benzo[b][1,4]oxazepines were
obtained in good yields using the novel synthetic method.
Mechanistic experiments indicated that the phenolic proton
on the aminophenols might be involved in the formation of
the alkynylketimine intermediate that would undergo intra-
molecular 7-endo-dig cyclization to produce benzo[b][1,4]oxaze-
pines. The extension of the substrate scope and the detailed
mechanistic study are currently underway in our laboratory.
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