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1-Benzazepines are extensively utilized in medicinal chemistry.1 
Modern pharmacological studies are focused on their anti-
inflammatory,2 anxiolytic,3 and antitumor4 activity. These 
compounds can act as vasopressin receptor antagonists,5,6 
calcium channel blockers,7 PLK1 protein inhibitors,8 and 
analgesics.9 Commercial drugs based on 1-benzazepines include 
mozavaptan, tolvaptan, benazepril (for the structures, see Online 
Supplementary Materials, Figure S1). The 1-benzazepine 
scaffold is also commonly found in natural compounds.10–13

Several synthetic approaches for the synthesis of 
1-benzazepines have been described in the literature.1,14 
Intramolecular 1,5-hydride shift reaction occupies a special 
place among these methods.15 This process is atom-economical, 
redox-neutral, and usually does not require transition metal 
catalysts, aligning well with modern standards of ‘green 
chemistry’.16 1,5-Hydride shift process (or so-called ‘tert-amino 
effect’ reactions17) is most commonly employed in the synthesis 
of six-membered heterocycles.18 Only three approaches have 
been reported16 that extend this methodology to seven-membered 
1-benzazepine derivatives: (a) ring expansion of cyclopropane-
1,1-dicarboxylates;19 (b) the Pictet–Spengler type cyclization 
of diarylmethanols;20,21 (c) intermolecular Mannich reaction 
followed by expansion of the pyrrolidine moiety22 (for the 
illustration, see Online Supplementary Materials, Scheme S1).

In this work, we propose an alternative and novel approach 
to 1-benzazepines from readily available o-aminobenzaldehyde 
derivatives 1 which were converted into key 2-[2-(N-benzyl-N-
methylamino)benzylidene]malonates 2 (Scheme 1). The latter 
upon incorporation of trimethylsilyl cyanide gave novel 
tetrahydro-1-benzazepine derivatives 3 (Scheme 2). Previously, 
we showed that a 1,5-hydride shift–cyclization cascade could be 
interrupted at the first stage of the iminium intermediate by 
formation of a stable boronate complex.23,24 Here, we 
demonstrate that such intermediates can react with cyanide 
resulting in the formation of a benzazepine system. Substrates 

2a–f for the proposed reaction were prepared in two steps using 
known methods24 (see Scheme 1).

Initially, compounds 2a–f were treated with BF3 · Et2O 
(1,2-dichloroethane, 25  °C, 12 h) under previously proposed 
conditions24 which ensured stability of the corresponding 
intermediate boronate complex A (see Scheme 2). Next, 
Me3SiCN was added as a cyanide ion source resulting in the 
rapid conversion of A into the target products 3. The reaction 
scope was demonstrated on seven 1-benzazepines 3a–e, 3'a, 3''a 
obtained in good yields (62–94%). The only exception was nitro-
substituted derivative 2f which gave a complex mixture of 
unidentified products. Apparently, destabilization of the cationic 
intermediate by the electron-withdrawing NO2-group accelerated 
various undesired intramolecular reactions known for 
(2-dialkylaminobenzylidene)malonates.24,25
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Scheme  1  Reagents and conditions: i, PhCH2N(Me)H, K2CO3, DMF, 
100 °C; ii, CH2(CO2Alk)2, piperidine, AcOH, PhMe, reflux.
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The structures of all compounds were confirmed by 1H, 
13C NMR and HRMS data. Additionally, compound 3a was 
characterized by two-dimensional NMR spectroscopy 
(C–H  HSQC, C–H  HMBC). The C–H HMBC experiment 
for 3a revealed the correlation peak between C3(=NH) carbon 
atom and 5-positioned protons (see Online Supplementary 
Materials, page S11).

Surprisingly, the obtained 1,2,3,5-tetrahydro-4H-1-benz-
azepine-4,4-dicarboxylates 3 were not sufficiently stable. We 
found that they underwent isomerization associated with ring 
opening and formation of nitriles 4 in solutions which could be 
traced by the NMR analysis. For compounds 3a–c, we showed 
that this process could be selectively induced by their treatment 
with hydrochloric acid (Scheme 3).

To conclude, we developed a new approach to 1,2,3,5- 
tetrahydro-4H-1-benzazepine-4,4-dicarboxylates via the 1,5- 
hydride shift and cyanide ion addition starting from available 

2-[2-(N-benzyl-N-methylamino)benzylidene]malonates. This 
method continues our studies on hydride shift26 and extends 
the synthetic potential of this powerful tool for C–H activation.

The study was carried out with financial support from 
the Russian Science Foundation (grant no. 20-73-10195).
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Supplementary data associated with this article can be found 

in the online version at doi: 10.71267/mencom.7805.
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