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ABSTRACT: Various quinoline-fused 1-benzazepine deriva-
tives were synthesized using the C,N-1,6-bisnucleophile
generated in situ from o-aminobenzaldehyde and 2-methyl-
indole through a Mannich-type reaction.

he Mannich-type reaction is widely used in organic

synthesis." Bisnucleophiles are often used in the Mannich
type reaction, with which some important heterocycles can be
synthesized.” A special Mannich type reaction of a C,N-
bisnucleophile is the Pictet—Spengler reaction.” However, this
reaction is strictly reserved for aromatic nucleophiles. While
great attention has been paid to the design of C,N-
bisnucleophiles with an aromatic C-based nucleophilic center
for the Pictet—Spengler reaction,” far less effort has been spent
on the development of nonaromatic C,N-bisnucleophile for
Mannich-type reactions.>

Alkyl-substituted azaarenes have been demonstrated to
constitute a unique class of C-based nucleophiles,7 which can
be activated by either transitional metals® or acid catalysts.” To
the best of our knowledge, although the reactivities of alkyl-
substituted azaarenes have been extensively investigated, the
use of this type of molecule in the construction of a
bisnucleophile has yet to be reported. In this paper, we will
describe the use of a novel C,N-bisnucleophile in a Mannich-
type reaction for the first time. The bisnucleophile involves not
only a moiety of methyl quinoline but also an NH, group. This
C—H bond functionalization reaction enabled the formation of
a class of quinoline-fused 1-benzazepine derivatives, which
cannot be attained with other methods.

Although the structure of the C,N-bisnucleophile looks
complex, the compound can be synthesized from two
commercially available chemicals, 2-aminobenzaldehyde and
2-methylindole. The discovery was accidental, originating from
our attempts to synthesize dihydroquinoline from 2-amino-
benzaldehyde derivative 1a, 2-methylindole 2a, and acetophe-
none 3a.'’ As shown in Scheme 1, an unexpected product, a
quinoline-fused 1-benzazepine derivative 4a, was obtained. The
structure of 4a has been unambiguously confirmed by X-ray
structural alnalysis.11 Conditions including the catalyst, solvent,
temperature, and reaction time were then filtered to determine
the best parameters (see the Supporting Information, Table
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Scheme 1. Synthesis of 4a and Two Controlled Experiments
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S1). A yield of 55% for 4a is obtained in acetonitrile at 80 °C
after 24 h of reaction in the presence of 1.0 equiv of BF;-Et,O.

A survey of the literature revealed that Seidel et al.'”
observed an indole-to-quinoline transformation by using 2-
aminobenzaldehyde as the counter-reagent of indole, producing
a 3-(2-aminophenyl)quinoline derivative in the presence of an
acid. To understand the mechanism of the present reaction, we
treated a mixture of 1a and 2a with BF;-Et,O in acetonitrile. In
agreement with our predictions, compound Sa was formed, and
the yield reached 88% after 4 h of reaction (Scheme 1).
Interestingly, 5a can react readily with 3a to form 4a in 68%
yield.

On the basis of these observations, we propose a plausible
mechanism in Figure 1. The initial event involves the formation
of an intermediate (I) from la and 2a. Then, the NH, group
acts as a nucleophile to attack the C2 position of the indole ring

Received: November 14, 2015
Published: January 12, 2016

DOI: 10.1021/acs.orglett.5b03287
Org. Lett. 2016, 18, 364—367



Organic Letters

Br
““\/ i /—_w
BF3ELO A = = \ &
HzN | —

1a+2a - — - /

q\ _> N/FN

_. - | Br

/“N L =

m éps (mn

Br. S \Qr 3a = |
P BFyEL,0 Br\/ﬁ/\ -

NS | = 1
= . NH
Br 2~ g 2
=

4a =

| Br
(i

Figure 1. Plausible mechanism of the model reaction.

to form an intermediate (II). Cleavage of an endocyclic C—N
bond results in the formation of 5a. The activation effect of the
quinoline ring confers good nucleophilicity to the methyl group
of 5a.'® Therefore, Sa can act as a novel 1, 6-CN-
bisnucleophile to react with acetophenone to form 4a. The
last step in the mechanism appears to be a variation of the
Mannich-type reaction, in which the conventional enol-
activated C-based nucleophile was changed into an enamine-
activated one.

The substrate scope of the model reaction was then
investigated, and the results are shown in Figure 2. First,
various ketones were subjected to reactions with la and 2a.
Acetophenones with both electron-donating and electron-
withdrawing groups participated in the condensation reaction
smoothly, providing the desired products in yields ranging from
26% to 70% (4b to 4h). 1-Acetonaphthalene also works well,
and the expected product 4i was obtained in 53% yield.
Ketones with heterocyclic groups, such as furanyl and thienyl,
can also be used in this condensation (4j and 4k). It should be
noted that low yields were obtained in some cases (4b, 4c, 4f,
and 4j). It was found that although 1a and 2a can be converted
Sa in these cases, it is hard to convert Sa further into the
desired products. Reactions with aliphatic ketones, such as
acetone and methyl isobutyl ketone, are also successful (41 and
4m). Certain acid-liable groups, such as hydroxyl and double
bonds, can be delivered without incident into the skeleton of
products (4n and 40). When cyclic ketones were used, the
expected products could be obtained in generally good to
excellent yields (4p to 4w). The highest yield, 90%, was
obtained with cyclohexanone. A reaction scaled up to 10 mmol
provided a uniform result. Cyclic ketones with endocyclic
heteroatoms, such as oxygen and nitrogen, are also substrates
that can viably react with 1a and 2a (4x and 4y). This reaction
was also able to synthesize a ferrocenyl-containing product, 4z.
Although the product was obtained in 24% yield, considering
the fact that acetylferrocene is rather sensitive to acid, we think
that this result is remarkable. However, our attempt to use
amino group containing ketones, such as 4-(dimethylamino)-
acetophenone and 1-methyl-4-piperidone, failed. This result
indicates a limitation of the present reaction. The reactivities of
certain 2-aminobenzaldehyde derivatives were also examined by
using cyclohexanone and 2a as standard substrates. The
reactions proceeded smoothly with chloro- or bromo-
substituted o-aminobenzaldehydes, and the corresponding
products were obtained in moderate-to-good yields (4aa—
4ac). 2-Amino-4,5-dimethoxybenzaldehyde can also react with
2a and cyclohexanone, but due to the insufficient condensation
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Figure 2. Substrate scope of the model reaction. (a) The reaction was
performed on a 10 mmol scale.

of the aldehyde and 2a, the desired product was obtained only
in 20% yield. Two indole derivatives, namely, 2-methyl-5-
fluoroindole and 2-methyl-S-methoxyindole, also readily
participated in this type of condensation, which produced the
desired products 4ae and 4af in yields exceeding 80%. Notably,
the obtained products possess a skeleton of benzazepine, which
is a crucial pharmacophore in drug discovery, and the
derivatives of which exhibit a broad spectrum of biological
activity.'* Although these heterocycles are important, their
syntheses are generally laborious, and their chemistry has not
been well studied.® The present reaction offered a straightfor-
ward approach to access a new class of benzazepines, which
cannot be attained with conventional routes.

Levulinic acid 6a was also subjected to the conditions of this
reaction. As shown in Scheme 2, a novel heterocyclic
compound, 7a, was obtained in 66% yield. In this reaction,
the formation of 7a should be a result of an intramolecular
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Scheme 2. Three-Component Reaction of 1a, 2a, and 6a
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amidation of an intermediate (IV), which was generated from a
condensation of 1a, 2a, and the ketocarbonyl group of 6a.

Likewise, isatin, acenaphthenequinone, and ethyl pyruvate
were also applicable as electrophilic counterparts in the title
condensations, resulting in Mannich-type cyclization products
8a—c in moderate yields (Scheme 3).

Scheme 3. Condensation of 1a and 2a with Other
Ketocarbonyl-Containing Electrophiles
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We also tried to use aldehyde to replace the ketone
component, but that failed. A messy mixture could always be
obtained in this case. Failure may have resulted from the
inherent scrambling of the two aldehydes toward the
electrophilic reaction with 2a. To solve this problem, we used
the presynthesized compound 3a instead of a two-component
mixture of la and 2a. As shown in Table 1, various
benzaldehydes reacted readily with Sa, with the aid of BF;-
Et,O catalyst, providing 9a—e in generally good yields (entries
1-S5). Aldehydes with heterocyclic groups, such as 2-furanyl, 2-
thienyl, and 2-pyridinyl, participated in this reaction as well.
These reactions produced the desired products 9f—h in
moderate-to-good yields (entries 6—8). The use of cinnamal-
dehyde proved to be successful as well (entry 9).

However, when an aliphatic aldehyde, phenylpropionalde-
hyde, was used, the predicted product was not obtained.
Instead, 10a was obtained in 61% yield (Scheme 4). It is not
unreasonable because the reactions of anilines and enolizable
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Table 1. Reactions of Sa with Different Aldehydes”

“
Br T RCHO (1.0 equiv)
folx NHz  BFyELO (20 mol %)
B e " GH\N, 80°C, 0.5 h i b
entry R product yield” (%)
1 CeHs 9a 72
2 4-MeOCH, 9b 85
3 4.CF,SC¢H, 9¢ 87
4 4NO,C(H, od 80
s 2-NO,C¢H, 9% 83
6 2-furanyl of S0
7 2-thienyl 9g 65
8 2-pyridinyl 9h 42
9 C¢H;CH=CH 9i 38

“Key: Sa, 0.2 mmol; aldehyde, 0.2 mmol; BF;-Et,O, 0.04 mmol;
acetonitrile, 1 mL, 80 °C, 0.5 h. “Isolated yield.

aldehyde are well-known and have been widely used in the
synthesis of substituted quinolines.'®

Scheme 4. Reactions of Sa with Phenylpropionaldehyde
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Interestingly, when chromone-3-carbaldehyde was used, only
the formyl group condensed with Sa, and the ketocarbonyl
remained unchanged (Scheme S). Likewise, ninhydrin hydrate
reacted with Sa, providing 12a in 58% yield (Scheme $).

In conclusion, a three-component Mannich-type reaction of
o-aminobenzaldehyde, 2-methylindole, and ketone has been
developed. The reaction produced various quinoline-fused 1-
benzazepine derivatives in a straightforward manner. The key
intermediate of this reaction is a hitherto-unreported C,N-1,6-

Scheme 5. Reactions of 5a with Chromone-3-carbaldehyde
and Ninhydrin Hydrate
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bisnucleophile that was generated from o-aminobenzaldehyde
and 2-methylindole through an indole-to-quinoline trans-
formation. Numerous keto- or aldocarbonyl containing
compounds can be used as electrophiles to react with this
bisnucleophile, thus significantly enriching the product
diversity. The yields in this reaction are only moderate in
most cases at the present stage. However, the transformation
itself is interesting, and the results can aid further investigations,
which are currently ongoing in our laboratories.
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