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About 50 pharmaceutical agents have been created from synthetic 
and natural azepines. They are either having practical applications 
or still being tested.1–8 Examples of recently developed pharma­
ceuticals include Rucaparib, Omacetaxine, Galanthaminum, 
Eslicarbazepine, and Ivabradine used for treatment of ovarian 
cancer, leukemia, Alzheimer disease, epilepsy, and anisorhythmia, 
respectively. Recently synthesized substances, which are based 
on the azepine system, can be potential antitumor alkylating 
agents.9

Although the chemistry of azepines contains considerable 
achievements, which allow preparation of practically needed 
compounds, some simple fused azepine systems are still remaining 
understudied or even unknown. Phenanthroazepines are an example 
of the latter. Their structure combines two cyclic systems wide­
spread in wildlife, viz. the phenanthrene and azepine ones, which 
makes them promising objects for molecular design of bioactive 
compounds.

We have demonstrated in the present work that one among 
possible phenanthroazepine systems, the phenanthro[1,2-d]azepine, 
can be easily built from the tetracyclic aporphine (5,6,6a,7-tetra­
hydro-4H-dibenzo[de,g]quinoline) system via two successive 
recyclizations. The initial recyclization of the pyridine–pyridine 
type converts aporphines into quaternary salts of 3,4-dihydro­
naphtho[2,1-f]isoquinolinium, while the second one leads to 
expanding their heterocyclic ring to give phenanthro[1,2-d]­
azepine derivatives.

One of the most accessible aporphine alkaloids, glaucine 1, 
was selected as a convenient model to demonstrate advantages 
of  the proposed synthetic approach. This compound was also 
used as a model in our previous work reporting the ability of 
aporphines to undergo the recyclization into 3,4-dihydronaphtho­
[2,1-f]isoquinolinium salts.10 That recyclization followed by the 
counterion exchange provides effective conversion of glaucine into 

8,9,11,12-tetramethoxy-3,4-dihydronaphtho[2,1-f]isoquinolinium 
perchlorate 2, which is the first known example of 3,4-dihydro­
naphtho[2,1-f]isoquinolinium salts and, at the same time, a highly 
reactive oxidized form of O,O-dimethyl substituted litebamine, 
the phenanthrene alkaloid.11 Therefore, the proposed goal of this 
work in the case of glaucine can be achieved by a demonstration 
of the salt 2 ability to undergo further recyclization with expansion 
of one heterocyclic ring to the azepine cycle.

In case of structurally related to salt 2 3,4-dihydroiso­
quinolinium12,13 and 3,4-dihydro-b-carbolinium quaternary salts,14 
halomethyl derivatives RCH2Hal containing electron-withdrawing 
group R are efficient reagents for such pyridine–azepine recycliza­
tions. Reactions of 3,4-dihydronaphtho[2,1-f]isoquinolinium salts 
with these reagents should give 2-R-3,4-dihydrophenanthro[1,2-d]­
azepines or, for R = Ac, their 1-R-isomers in case of concurrent 
1,2-acyl rearrangement.14–16 This rearrangement usually requires 
powerful electron-donating substituents in the acyl group and occurs 
due to the formation of carbocationic intermediates possessing 
a tetrahydroazepine structure prone to intra-cation 1,2-migration 
of the acyl group.

Experiments with various acylmethyl halides 3a–k have 
revealed that salt 2 is actually capable of undergoing pyridine–
azepine recyclization. It reacts with above halides even under 
mild conditions: upon refluxing an aqueous-ethanol solution of an 
equimolar mixture of a salt substrate and reagent in the presence 
of excess sodium hydrogen carbonate. However, perchlorate 2 
demonstrates only one type of reactivity (Scheme 1)† unlike the 
two previously studied substrate types,12,14 which can react in two 
ways. Independently of the presence of strong electron-donating 
substituents, salt 2 was in all cases converted only into the non-
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Derivatives of phenanthro[1,2-d]azepine, a previously unknown 
heterocyclic system, can be easily obtained from aporphine 
alkaloids by successive pyridine–pyridine and pyridine–azepine 
recyclizations. The starting glaucine was used as an illustrative 
example.	 

†	 The general procedure for synthesizing compounds 4a–k is provided 
in Online Supplementary Materials.
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rearranged products with a-acyldihydroazepine structure, viz. 
2-acyl-3,4-dihydrophenanthro[1,2-d]azepines 4a–k, but not into 
their b-acyl-substituted isomers 5a–k.

Such a behavior of perchlorate 2 indicates that the carbo­
cationic intermediates formed from it undergo a direct deprotona­
tion leading to non-rearranged products 4 under the reaction 
conditions rather than isomerization via acyl migration, which 
would give compounds 5. One of the possible reasons for this 
phenomenon could be the slowness of the carbocationic isomeriza­
tion step for salt 2, which was confirmed by comparison of DFT-
calculated (B3LYP/6-31G**) activation energies of the benzoyl 
group migration in the carbocationic intermediate of salt 2 
(DE≠ = 2.5 kcal mol–1) and in a similar intermediate of cotarnine, 
the dihydroisoquinoline alkaloid (DE≠ = 1.6 kcal mol–1) that 
has a pronounced susceptibility to the bidirectional recyclization 
upon treatment with acyl methyl halides (the calculation details 
and the structures of two transition states for the carbocations are 
given in Online Suppplementary Materials).

Phenanthroazepines 4a–k were obtained in 66–81% yields 
as crystalline compounds with colors ranging from pale yellow 
to red. The structure of the simplest phenanthroazepine 4a was 
proven by single-crystal X-ray diffraction analysis (Figure 1).‡ 

The structural similarity of acyl derivatives 4b–k followed from 
the analysis of their NMR spectra with account of the data 
acquired in our previous reports,12,14 which revealed that a-acyl­
dihydroazepines have almost 1 ppm lower chemical shifts for the 
lone olefin proton at the azepine ring than those of their b-acyl 
isomers.

Similar but even more significant differences are also charac­
teristic of the 13C atom bound to the proton indicated above. This 
was shown by both 13C NMR spectra of various available to us 
a- and b-acylazepines and the results of SOS-DFPT-IGLO(II)17 
(B3LYP/6-31G**//PW-91–PW-91) quantum-chemical calculations 
on two model isomeric structures 4e and 5e. The calculated 
chemical shifts for the characteristic CH-moiety were 117.55, 
6.93 (4e), and 147.02, 7.81 (5e) (gas phase conditions). The cor­
responding experimental values for phenanthroazepine 4e (d of 
102.91 and 6.22; DMSO-d6) were considerably smaller than the 
calculated ones, which was due to the polar solvent effect. 
Similar chemical shifts for the considered CH-moiety were also 
observed for other phenanthroazepines 4. It should be also noted 
that the signals from the characteristic 13C atom in various 
acyldihydroazepines can be conveniently identified by their 
two‑dimensional HSQC 13C–1H NMR spectra.

Therefore, the presented results have completely confirmed 
that the aporphine alkaloids can be used as the good starting 
material in the synthesis of various phenanthro[1,2-d]azepines 
according to the proposed protocol involving the two successive 
recyclizations.

This work was supported by the Russian Foundation for Basic 
Research (grant no. 16-03-00828). The experimental data were 
acquired using the equipment of the ‘Molecular Spectroscopy’ 
User Facilities Center at the Southern Federal University, Rostov-
on-Don.
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Scheme  1  Reagents and conditions: RCOCH2Hal (3a–k), NaHCO3, 
aqueous ethanol (1:3 v/v), reflux, 3 h. 
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Figure  1  Molecular structure of compound 4a with atoms represented by 
thermal ellipsoids (p = 50%).
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