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ABSTRACT: Highly efficient formation of 3-benzazepine
derivatives has been achieved, based on the ring expansion
reaction of C,N-cyclic-N′-acyl azomethine imines with
sulfonium ylide generated in situ from the corresponding
sulfonium salt. The reactions proceeded smoothly to afford the
tricyclic 3-benzazepine derivatives in good to high yields. A
wide range of C,N-cyclic N′-acyl azomethine imines were
applicable to this reaction.

Benzazepines, which have a 7-membered aza-heterocyclic
fused aromatic ring, are of interest because of their

biological activity and use as building blocks for natural product
synthesis and drug discovery.1 The 1-substituted tetrahydro-3-
benzazepine derivatives are known to act as dopamine receptor
agonists and antagonists.2 An example is SCH-23390.3 These
compounds also are active in animal models of neurological
disorders such as Parkinson’s disease4 and Alzheimer’s disease.5

In the area of natural products synthesis, syntheses of alkaloids
with a benzazepine skeleton, such as aphanorphine,6 cepha-
lotaxine,7 and lennoxamine,8 have been investigated because of
their interesting chemical structures and useful biological
activities. Several synthetic procedures have been developed
for 3-benzazepine derivatives, including a simple condensation
reaction,9 reductive cyclization to form azepine carbon−
nitrogen bonds,10 cyclization via aromatic substitution such as
the Friedel−Crafts reaction,6d,11 intramolecular Heck reac-
tion,12 or ring expansions such as the Beckmann rearrangement
of α,β-tetralone oxime.13 Among these reactions, migration and
insertion-based ring expansion is one of the most efficient
methods for constructing the substituted 3-benzazepine
skeletons from isoquinoline derivatives.14 The present report
describes the highly efficient formation of 1-substituted
tetrahydro-3-benzazepine derivatives by an unexpected ring
expansion reaction of a C,N-cyclic-N′-acyl azomethine imine
with sulfonium ylide (Scheme 1).
The [5 + 1] cycloaddition reaction between isocyanide and a

C,N-cyclic-N′-acyl azomethine imine as an “isocyanophile” has
been developed previously.15 Thus, a molecule containing both
nucleo- and electrophilic characteristics on the same carbon
atom was expected to act as a C1 source, similar to an
isocyanide, and reaction with the C,N-cyclic-N′-acyl azomethine
imine was expected to afford the corresponding [5 + 1]
cycloadduct.

Based on this hypothesis, the initial reaction of C,N-cyclic-
N′-acyl azomethine imine 1a16 with trimethylsulfonium iodide
(2a) and dimsyl anion generated in situ by NaH in DMSO was
attempted (Table 1).17 The desired cycloadduct 3a was
obtained in 8% yield. Surprisingly, a ring-expanded 3-
benzazepine derivative 4a also was obtained in 38% yield
(Table 1, entry 1). The structure of 4a was determined
unambiguously using X-ray crystallographic analysis (Figure 1).
The reaction using NaH as a base in THF also afforded 4a in
23% yield (Table 1, entry 2). Using KH as a base, 4a was
obtained selectively in 32% yield (Table 1, entry 3). When
dimethylphenyl sulfonium tetrafluoroborate (2b)18 was em-
ployed as a sulfonium salt, the reaction proceeded cleanly to
produce the 3-benzazepine derivative 4a in 74% yield (Table 1,
entry 4). When 1.2 equiv of 18-crown-6 were added to capture
potassium cations, the product was obtained in 70% yield
(Table 1, entry 5). The use of 50 mol % HMPA, which can
coordinate the potassium cation, improved the chemical yield
to 86% (Table 1, entry 6). Bases other than KH also were
evaluated to generate sulfonium ylide for the ring expansion
reaction in THF (Table 1, entries 7−11). The use of KOH
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Scheme 1. Working Hypothesis
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afforded the product in high yield (Table 1, entry 7); however,
KOt-Bu and NaH were not effective (Table 1, entries 8 and 9,
respectively). n-Butyllithium and LDA were ineffective in this
reaction, although the product was obtained in 38% yield when
LDA was used (Table 1, entries 10 and 11, respectively). These
results indicate KH and KOH are the preferred bases for this
reaction system (Table 1, entries 6 and 7, respectively).
Sulfonium ylide derivatives (i.e., sulfonium salts containing
electron-withdrawing or -donating groups on the aromatic ring)
were examined for the efficient ring expansion reaction of a
C,N-cyclic-N′-acyl azomethine imine (Table 1, entries 12−15).
When a sulfonium salt with an electron-withdrawing group on
the aromatic ring 2c18 was used with KOH as a base, very low
reaction efficiency was observed (Table 1, entry 12). However,
KH was a more beneficial base in this case, affording the
product in 51% yield (Table 1, entry 13). The sulfonium salt
containing an electron-donating group, 2d,18 showed the same
reactivity as 2b in the presence of KH, affording the product in
80% yield (Table 1, entry 14). However, for 2d, KOH did not
generate the corresponding sulfonium ylide (Table 1, entry 15).
Reactivity toward various azomethine imines with dimethy-

phenyl sulfonium ylide was examined by treatment using 1.0
equiv of azomethine imines 1a−i and 1.2 equiv of 2b in the
presence of KOH to generate the sulfonium ylide (Table 2),
because KOH was easier to handle than KH. The C,N-cyclic
N′-acyl azomethine imines containing 5-, 6-, and 7-methyl
substituents reacted to yield the corresponding heterocycles

(Table 2, entries 2−4). The only exception was the reaction
using the 8-methyl substituent, which was very slow (Table 2,
entry 5). The C,N-cyclic N′-azomethine imine 1f having an
electron-donating group also was tested (Table 2, entry 6). The
C,N-cyclic N′-azomethine imine 1g with an electron-with-
drawing group on the aromatic ring reacted smoothly to afford
product 4g in 80% yield (Table 2, entry 7). The influence of
the substituent on the benzoyl group on the nitrogen also was
examined. Results showed that a methyl group on the aromatic
moiety was more effective than a chloride and afforded
products in 87% and 73% yields, respectively (Table 2, entries
8 and 9). Thus, the electron density of the N′-acyl moiety plays
an important role in the cyclization.

Scheme 2 presents the proposed mechanism for the ring
enlargement reaction of C,N-cyclic-N′-acyl azomethine imines
with sulfonium ylide. In this mechanism, sulfonium ylide,
generated from the corresponding sulfonium salt with a base,
reacts with CN+ of the azomethine imine to afford A. The
nitrogen atom of the isoquinoline moiety attacks the α-position
of the sulfonium cation to form the aziridinium cation B.
Finally, nucleophilic attack of the amidocarbonyl oxygen on the
C1 position caused the isoquinoline skeleton to undergo ring
opening to yield the corresponding 3-benzazepine derivative 4.
The oxadiazine ring of the product 4a readily opened to

afford the 1-hydroxy-3-benzazepine derivative 5 under reduc-
tive conditions (Scheme 3). Thus, hydrogenation in the
presence of Raney-Ni, or Pd/C, and reduction in the presence
of LiAlH4 did not work well and only starting 4a was recovered
quantitatively. Fortunately, the reductive opening of the

Table 1. Results from Optimization Reactions

entrya 2, sulfonium salt base 3a yield (%) 4a yield (%)

1b,c 2a, Me3SI NaHd 8 38
2c 2a, Me3SI NaH 8 23
3c 2a, Me3SI KH − 32
4c 2b, C6H5SMe2BF4 KH − 74
5e 2b, C6H5SMe2BF4 KH − 70
6 2b, C6H5SMe2BF4 KH − 86
7 2b, C6H5SMe2BF4 KOH − 82
8 2b, C6H5SMe2BF4 KOt-Bu − messy
9 2b, C6H5SMe2BF4 NaH − nr
10 2b, C6H5SMe2BF4 n-BuLi − messy
11 2b, C6H5SMe2BF4 LDA − 38
12 2c, 4-ClC6H4SMe2BF4 KOH − trace
13 2c, 4-ClC6H4SMe2BF4 KH − 51
14 2d, 4-MeC6H4SMe2BF4 KH − 80
15 2d, 4-MeC6H4SMe2BF4 KOH − nr

aUsing 1.2 equiv of 2, base, and 50 mol % of HMPA unless otherwise
noted. bDMSO was used as a solvent instead of THF. cIn the absence
of HMPA. dDimsyl anion in DMSO was generated in situ. e1.2 equiv
of 18-crown-6 was used instead of HMPA.

Figure 1. X-ray structure of compound 4a.

Table 2. Scope of C,N-Cyclic-N′-acyl Azomethine Imine
Reactions

entry 1, R1, R2 4, yield (%)

1 1a, H, H 4a, 82
2 1b, 5-Me, H 4b, 83
3 1c, 6-Me, H 4c, 90
4 1d, 7-Me, H 4d, 86
5 1e, 8-Me, H 4e, 46
6 1f, 6-MeO, H 4f, 74
7 1g, 7-Br, H 4g, 80
8 1h, H, Me 4h, 87
9 1i, H, Cl 4i, 73

Scheme 2. Proposed Reaction Mechanism
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oxadiazine ring proceeded smoothly using LiAlH4 with
AlCl3

2e,9a at 0 °C to afford 1-hydroxy-3-tetrahydrobenzazepine
5 in 82% yield. The skeleton of this molecule has been reported
to possess activity as a NR2B-selective NMDA receptor
antagonist.2b,c

In summary, a synthetic method for the highly efficient
formation of tricyclic 1-substituted tetrahydro-3-benzazepine
derivatives has been developed, based on the ring expansion
reaction of a C,N-cyclic-N′-acyl azomethine imine with
sulfonium ylide generated from the corresponding sulfonium
salt. The reactions proceeded smoothly to afford the tricyclic 3-
benzazepine derivatives in good to high yields. A wide range of
C,N-cyclic N′-acyl azomethine imines were successfully applied
to this reaction. This method is promising for the synthesis of
biologically active tetrahydro-3-benzazepine compounds.
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(9) (a) Wirt, U.; Schepmann, D.; Wünsch, B. Eur. J. Org. Chem. 2007,
462−475. (b) O’Donnell, C. J.; Singer, R. A.; Brubaker, J. D.;
McKinley, J. D. J. Org. Chem. 2004, 69, 5756−5759. (c) Singer, R. A.;
Mckinley, J. D.; Barbe, G.; Farlow, R. Org. Lett. 2004, 6, 2357−2360.
(d) Ibuka, T.; Konoshima, T.; Inubushi, Y. Chem. Pharm. Bull. 1975,
23, 114−124.
(10) DeMarinis, R. M.; Krog, A. J.; Shah, D. H.; Lafferty, J.; Holden,
K. G.; Hieble, J. P.; Matthews, W. D.; Regan, J. W.; Lefkowitz, R. J.;
Caron, M. G. J. Med. Chem. 1984, 27, 918−921.
(11) (a) Gerritz, S. W.; Smith, J. S.; Nanthakumar, S. S.; Uehling, D.
E.; Cobb, J. E. Org. Lett. 2000, 2, 4099−4102. (b) Gee, K. R.; Weber,
E.; Keana, J. F. W. Bioorg. Med. Chem. Lett. 1993, 3, 251−252.
(c) Schnur, R. C.; Gallaschun, R. J. J. Org. Chem. 1989, 54, 216−220.
(d) Lennon, M.; McLean, A.; Proctor, G. R.; Sinclair, I. W. J. Chem.
Soc., Perkin Trans. 1 1975, 622−626. (e) Deady, L. W.; Pirzada, N. H.;
Topsom, R. D. J. Chem. Soc., Perkin Trans. 1 1973, 782−783.
(12) (a) Son, K.-H.; Min, J.-Y.; Kim, G. Bull. Korean Chem. Soc. 2014,
35, 985−986. (b) Donets, P. A.; Van der Eycken, E. V. Org. Lett. 2007,
9, 3017−3020. (c) Beebe, X.; Gracias, V.; Djuric, S. W. Tetrahedron
Lett. 2006, 47, 3225−3228. (d) Kim, G.; Kim, J. H.; Kim, W.-j.; Kim,
Y. A. Tetrahedron Lett. 2003, 44, 8207−8209. (e) García, A.;
Rodríguez, D.; Castedo, L.; Saa,́ C.; Domínguez, D. Tetrahedron Lett.
2001, 42, 1903−1905. (f) Tietze, L. F.; Schimpf, R. Synthesis 1993,
876−880.
(13) Dixit, V. M.; Khanna, J. M.; Anand, N.; Chak, I. M. Indian J.
Chem. 1975, 13, 893−897.
(14) (a) Du, X.; Yang, S.; Yang, J.; Liu, Y. Chem.Eur. J. 2011, 17,
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