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Abstract – N-Propargyl-2,4-bis(trifluoroacetyl)-1-naphthylamine (3) underwent  

nitrogen-containing heterocyclic ring-formation reactions with active methylene 

compounds such as dialkyl malonates in the presence of sodium alkoxides.  This 

ring closure reactions were very dependent on reaction temperature to give 

selectively the corresponding fluorine-containing benzo[h]quinolines (5) at high 

temperature and 1H-benzo[h]quinolin-2-ones (7 and 8) at low temperature. 

In recent years considerable attention has been paid to the development of new methodologies for the 

synthesis of many kinds of fluorine-containing heterocycles, since these compounds are now widely 

recognized as important organic materials showing interesting biological activities for their potential use 

in medicinal and agricultural scientific fields.1  Benzo[h]quinoline and the related derivatives are 

important heterocyclic systems, constituting the structure of many naturally occurring products and 

having interesting biological activities such as antimicrobial agents and antitumor drugs.2  They are also 

known to be applicable to potent and selective 5α-reductase inhibitors.3 
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Previously, we have found that N,N-dimethyl-2,4-bis(trifluoroacetyl)-1-naphthylamine (1) undergoes 

novel aromatic nucleophilic substitution with various amines, thiols and alcohols to give the 

corresponding N-N, N-S and N-O exchanged products (2) in excellent yields, respectively (Scheme 1).4 

Furthermore, we succeeded in applying this type of aromatic nucleophilic substitution and the subsequent 

cyclizations to the simple syntheses of various naphthalene-fused heterocycles bearing trifluoromethyl 

groups.5  In continuation of these studies, it was found that N-propargyl-2,4-bis(trifluoroacetyl)-1- 

naphthylamine (3), prepared by N-N exchange reaction of 1 with propargylamine, undergoes novel 

pyridine-ring formation reaction with various N-, S- and O-nucleophiles to give the corresponding 

fluorine-containing benzo[h]quinolines (4) in excellent yields (Scheme 2).6 
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Scheme 2 

 

In this communication we wish to report a facile and selective synthetic method for fluorine-containing 

benzo[h]quinolines (5) and 1H-benzo[h]quinolin-2-ones (7 and 8) by the ring closure reaction of 3 with 

C-nucleophiles, dialkyl malonates (active methylene compounds) in the presence of sodium alkoxides, 

which was highly dependent on reaction temperature. 

The results of the pyridine-ring formation reaction of 3 with dialkyl malonates are depicted in Scheme 3 

and summarized in Table 1.7  Reaction of 3 with dimethyl malonate (3 equiv) proceeded cleanly in the 

presence of sodium methoxide (1 equiv) in refluxing methanol to afford the corresponding 

fluorine-containing benzo[h]quinolines (5a) having di(methoxycarbonyl)ethyl group at the 3-position in 

83% yield (entry 1).  The same type of reaction with diethyl malonate in ethanol was completed within 5  
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Scheme 3 
 

 

Table 1.  Pyridine-Ring Formation Reaction of 1 with Dialkyl Malonates 
Entry R1 R2 Solvent (R2OH) Temp (°C) Time (min) Product Yield (%)a 
1 H Me MeOH reflux (65) 30 5a 83 
2 H Et EtOH reflux (78)  5 5b 77 
3 H i-Pr i-PrOH reflux (82)  5 5c / 6c 43 / 44 
4 H t-Bu t-BuOH 30 18 h 5d 75 
5 Me Et EtOH 30 18 h 5e 95 
a Isolated yields. 
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min at reflux temperature to give the desired benzo[h]quinolines (5b) in 77% yield (entry 2).  Reaction 

of 3 with diisopropyl malonate under the almost same conditions provided a mixture of 

benzo[h]quinolines (5c) and its reduced product (6c) in 43% and 44% yields, respectively (entry 3).  

Separation of the mixtures into 5c and 6c was easily performed by silica gel column chromatography.  In 

the cases of less reactive di-t-butyl malonate and diethyl methylmalonate, heating at lower temperature 

(30 °C) and for longer time (18 h) was required for completion of the reaction without decomposition 

products and afforded benzo[h]quinolines (5d and 5e) in 75% and 95% yields, respectively (entries 4 and 

5). 

It is noteworthy that as the reaction temperature was lowered, the reaction pathway changed dramatically 

(Scheme 4).8  Reaction of 3 with diethyl malonate at 0 °C yielded 4-hydroxy-3,4-dihydro-1H-benzo[h]- 

quinolin-2-ones (7b) and its dehydrated product, 1H-benzo[h]quinolin-2-ones (8b), in 42% and 51% 

yields, respectively, without any formation of benzo[h]quinolines (5b).  Moreover 3 underwent the 

lactam ring formation with diisopropyl malonate at -20 °C to give exclusively 

4-hydroxy-3,4-dihydro-1H-benzo[h]quinolin-2-ones (7c) quantitatively.  Di(isopropoxycarbonyl) 

derivative (7c) was hard to be dehydrated compared to di(ethoxycarbonyl) derivative (7b).  Therefore,  
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conversion of 7c into the corresponding dehydrated product (8c) was achieved by formal dehydration, 

namely HO-Cl exchange and subsequent dehydrochlorination, with the use of thionyl chloride in the 

presence of pyridine.9 

Possible mechanistic pathways for the formation of benzo[h]quinolines (5) and 

1H-benzo[h]quinolin-2-ones (7 and 8) are depicted in Scheme 5.  At high temperature, the addition of 

enolates (carbanions) from dialkyl malonates occurs onto the terminal acetylenic carbon to give the 

corresponding cyclization product, which leads to 5 via 1,3-H shift and the subsequent departure of 

hydroxide ion (Path A).  On the other hand, at low temperature, the addition of enolates takes place on 

the carbonyl carbon of trifluoroacetyl group at the 2-position, followed by the intramolecular ester-amide 

exchange reaction (lactam ring formation) to afford 7 leading to 8 by dehydration (Path B).  It is not 

certain at present why the interesting temperature-dependent chemoselectivity was clearly observed in 

this system.  Further studies are underway to elucidate definitely the mechanism. 

In conclusion, we succeeded in extending the ring formation reactions of 3 with N-, S- and 

O-nucleophiles to those with C-nucleophiles such as active methylene compounds, dialkyl malonates, and 

in providing an efficient and selective synthetic method for fluorine-containing benzo[h]quinolines and 

1H-benzo[h]quinolin-2-ones, which are not easily accessible by other methods.  Further works are 

currently continued in our laboratory and the results will be published in our forthcoming papers. 
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