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Abstract- Tetracyclic dibenzo[c,f]-4-oxopyrrolo[1,2-c]azepine (2a), dibenzo[c,f]-5-

oxopiperido[1,2-c]azepine (2b), benzo[f]-4-oxopyrrolo[1,2-a]thieno[3,2-c]azepine 

(2c), and benzo[f]-5-oxopiperido[1,2-a]thieno[3,2-c]azepine (2d) were prepared 

through intramolecular N-acyliminium ion cyclization of hydroxylactams (3a-d) with 

aromatic or heteroaromatic rings such as benzene and thiophene as a π-nucleophile. 

In the case of furan ring, the hydroxylactams (3e, f) were completely decomposed 

under the acidic conditions (formic acid or methanesulfonic acid). Subsequent 

reduction of 2a-d with BF3·O(C2H5)2 and BH3·S(CH3)2 finally provided the 

tetracyclic dibenzo[c,f]pyrrolo[1,2-c]azepine (1a), dibenzo[c,f]piperido[1,2-c]azepine 

(1b), benzo[f]pyrrolo[1,2-a]thieno[3,2-c]azepine (1c), and benzo[f]piperido[1,2-

a]thieno[3,2-c]azepine derivatives (1d) as analogues of mianserin. 

 

 

The benzoazepine unit is present in a large number of natural alkaloids, including lennoxamine,1 



 
 

cephalotaxine2 and chilenine.3 Dibenzo[b,f]azepine, in particular, forms the skeleton of tricyclic 

antidepressant such as desipramine, imipramine and lofepramine.4 The mianserin, antidepressant agent as 

a selective 5-HT2 receptor antagonist, also contains dibenzo[c,f]azepine annelated to piperazine ring 

(Figure 1).5 In this regard, many synthetic efforts have been directed toward synthesis of benzoazepine 

derivatives because of their unique structural features and potential biological activities.6 We have also 

reported the synthesis of azepino[5,4,3-cd]indole derivatives in the course of searching the 

pharmacologically active compound.7 
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Figure 1. 

 

In connection with our interest in the synthesis of diverse polycyclic alkaloids, we wish to report herein 

the synthesis of tetracyclic dibenzo[c,f]azepine and benzo[f]thieno[3,2-c]azepine derivatives (1) from 2-

arylmethylanilines (5) through N-acyliminium ion cyclization. Our synthesis is based on the 

hydroxylactams (3) as key intermediates for N-acyliminium ion cyclization. These hydroxylactams (3) 

would be obtained by reduction of imides (4), which would be prepared from the condensation reaction of 

2-arylmethylaniline (5) with cyclic anhydride. The cyclization of hydroxylactams (3) having aromatic 

rings as a π-nucleophile8 and subsequent reduction of tetracyclic lactams (2) should complete the 

synthesis of the target tetracyclic dibenzo[c,f]azepine and benzo[f]thieno[3,2-c]azepine (1) respectively. 

The 2-thienyl and 2-furylmethylanilines (5b, c) if not commercially available, could be readily prepared 

by known procedures.9  The condensation of anilines (5a-c) with cyclic anhydrides [succinic anhydride 

(n=1) or glutaric anhydide (n=2) ] followed by treatment with excess of AcCl in refluxing xylene gave the 
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(i) succinic anhydride (n=1) or glutaric anhydride (n=2), xylene, reflux; then AcCl, reflux; (ii) DIBAL-H,  

THF, -78 ℃ ~ rt; (iii) CH3SO3H, CH2Cl2, reflux; (iv) BF3·O(C2H5)2 and BH3·S(CH3)2, THF, reflux 

 

Scheme 1. 

 

cyclic imides (4a-f) in 53-99% yield (Scheme 1).10 In the case of reduction of imides (4a-f) for 

hydroxyimides (3a-f), the use of NaBH4 as a reducing agent gave over-reduced compounds 

(hydroxyamide) or imide ring-opened compounds (methyl ester) in the presence of 1M H2SO4/ MeOH. 

This result was totally unexpected as many research groups and we have previously performed the exact 

reduction of cyclic imides by using the same condition.11 Therefore, the intended hydroxylactams (3a-f), 



 
 

precursors for N-acyliminium ion (6), were successfully obtained by the reduction of imides (4a-f) with 

DIBAL-H in THF at -78 ℃ to room temperature without over-reduction.12 
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Scheme 2. 
 

The hydroxylactams (3a-f) were subjected to the general N-acyliminium ion cyclization condition (formic 

acid, reflux).13  The compound (3a) only was cyclized to afford the target compound (2a) in 88% yield. In 

the case of six-membered hydroxylactam (3b), however, this same condition did not provide the cyclized 

lactam (2a) but the enamide compound (7) (15%) resulting from the dehydration of hydroxylactam (3b) 

and formamido compound (8) (49%), which was identified with NMR, MS, IR, and 1H-1H COSY.  The 

isolated enamide (7) was converted to formamido compound (8) (39%) under the reflux condition of 

formic acid (Scheme 2). The thienyl compounds (3c, d) were not cyclized and the furyl compounds (3e, f) 

were completely decomposed under this condition. However, the application of more acidic condition 

(methanesulfonic acid, reflux) to hydroxylactams (3a-d) gave successfully tetracyclic lactam (2a-d) in 80-

99% yield,14 while furyl compounds (3e, f) were not cyclized but decomposed again in this condition due 



 
 

to the cyclization difficulty of furan 2-to-3 closure.15 Finally, reduction of lactams (2a-d) with 

BH3·S(CH3)2 in the presence of BF3·O(C2H5)2 afforded tetracyclic dibenzo[c,f]azepine (1a, b) and 

benzo[f]thieno[3,2-c]azepine (1c, d) respectively in good yield (42-81%).16,17 

In conclusion, we have accomplished the synthesis of tetracyclic dibenzo[c,f]azepine and 

benzo[f]thieno[3,2-c]azepine derivatives (1a-d) annelated to pyrrolidine or piperidine moiety through N-

acyliminium ion cyclization by using aromatic rings such as benzene and thiophene as a π-nucleophile, 

followed by subsequent reduction. In the N-acyliminium ion cyclization, the five-membered benzyl 

compound (3a) was easily cyclized under both of formic acid and methanesulfonic acid. The six-

membered benzyl compound (3b) and thienyl compounds (3c, d) were cyclized only under the more 

acidic condition (methanesulfonic acid), while the furyl compounds (3e, f) were completely decomposed 

under both of acids. 
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