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Abstract 

This study exhibit a short review looking the synthesis of benzo[f]quinoline and its derivatives, over the years. The 

described syntheses highlighted in this manuscript consist in the first Skraup synthesis presented in the literature by 

Clem and Hamilton, continuing with the photochemical cyclohydrogenation, provided by Loader and Timmons and with a 

Doebner-Von Miller reaction, reported by Ramann and Cowen.  
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Introduction 

Benzo[f]quinoline is an aza-polynuclear aromatic 
nitrogen heterocycle [1,2], showing a blue emitting 
fluorescence due to the π-π extended conjugation [3]. 
Despite of the fact that this azaheterocycle has been 
detected in coal tar, cigarette smoke, petroleum distillate, 
urban air particulates having genetic effects, some of its 
derivatives were discovered to have biological properties, 
including antibacterial activity [4], anticancer activity [5], 
UDP (uridine diphosphate) glucuronosyltransferase 
activity [6], and also some analogues could be used as 
organic light-emitting devices (OLED) [7].  

 
The synthesis of benzo[f]quinoline and its derivatives 

is a long study topic. Thus, in the literature are described 
different reactions for the syntheses of this nitrogen 
heterocycle and its analogues, like the Skraup reaction 
between anhydrous glycerol and nitro-substituted or non- 

substituted 2-naphtylamine [8,20], the photochemical 
cyclohydrogenation of some trans-2-stilbazole derivatives 
[9,10], the 4+2 cycloaddition of N-
(butyloxycarbonylmethylene)-p-toluene sulfonamide 
with 1-vinyl-6-methoxy-3,4-dihydronaphthalene [11], the 
Doebner-Von Miller reaction of 2-naphtylamine and 3,3-
diethoxyprop-1-ene and so on [21]. 
 

Synthesis of Benzo[f]quinoline and its 
Derivatives 

Synthesis of benzo[f]quinoline and its nitro-
derivates 

One of the first syntheses of benzo[f]quinoline 
described in the literature (3a) (by a modification of 
Knueppel synthesis) and its 8-nitro- (3b) and 10-nitro-
derivatives (3c) are reported by Clem & Hamilton [8] 
using a Skraup reaction (Figure 1). 
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Figure 1: Synthesis of benzo[f]quinoline (3a) and its nitro-derivates (3b,c). 
 

 
In these reactions were used anhydrous glycerol (2), 

nitro-substituted and non-substituted 2-naphtylamines 
(1a-c) and a mixture of arsenic acid/sulfuric acid for 
synthesis of (3a), respectively ferrous sulfate/boric acid 
for (3b,c). 
 

Synthesis of Benzo[F]Quinoline Derivatives 
using Photochemical Cyclohydrogenation  

Loader & Timmons [9] using photochemical 
cyclohydrogenation of trans-2-stilbazole (4a) and its 
derivatives -methyl- and 6-methyl-trans-2-stilbazole 
(4b,c), obtained benzo[f]quinoline (3a) and 5- and 3-
methylbenzo[f]quinolines (5b,c), respectively (Figure 2). 

 
 

 

Figure 2: Photochemical cyclohydrogenation of trans-2-stilbazole (4a) and its methyl-derivates (4b,c). 
 

 
These reactions had been done in cyclohexane under 

irradiation with a Hanovia 400w medium-pressure 
mercury-vapour lamp, until the disappearance of the 
absorption bands of azaphenanthrene. The 

benzo[f]quinoline (3a) and its derivatives (9b-d) were 
synthesized by Kumler & Dybas [10] using oxidative 
photo cyclization of some trans-2-stilbazole derivatives 
(6a-d) (Figure 3).  

 
 

 

Figure 3: Synthesis of benzo[f]quinolines (3a, 9b-d) and the proposed mechanism. 
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In this study the authors presume that during the 
irradiation the trans-2-stilbazole derivative (6a-d) suffers 
a rapid trans-cis isomerization, getting the cis-2-stilbazole 
derivatives (7a-d). From cis-form through cyclization 
were obtained the dihydro-benzo[f]quinolines (8a-d), 
which by oxidative dehydrogenation gave the aromatized 
desired compounds (3a,9b-d). 
 

Synthesis of Benzo[f]quinoline Derivatives via 
Heterocycloaddition 

The synthesis of some aza-polynuclear systems are 
described in the literature, by using 4+2 cycloaddition 
reaction. Thus, Zunnebeld & Speckamp [11] obtained 
benzo[f]quinoline derivatives (13) via 
heterocycloaddition of N-(butyloxycarbonylmethylene)-
p-toluene sulfonamide (10) with 1-vinyl-6-methoxy-3,4-
dihydronaphthalene (11) (Figure 4). 

 
 

 

Figure 4: The 4+2 cycloaddition of N-(butyloxycarbonylmethylene)-p-toluene sulfonamide (10) with 1-vinyl-6-
methoxy-3,4-dihydronaphthalene (11). 

 
 
From the 4+2 cycloaddition was obtained a mixture of 

two adducts (12a) and (12b), whose separation has been 
achieved using sodium ethoxide in ethanol at different pH 
to afford the 4-carboxy-8-methoxydihydro- 
benzo[f]isoquinoline (12a’) and benzo[f]quinoline (13), 
respectively. Also, Zunnebeld and Speckamp [11], using 
the dihydro compound (13) in esterification reactions, 

obtained the corresponding methyl and ethyl esters (14) 
and (15). The dehydrogenation reaction of dydidro 
compound (15) gave the benzo[f]quinoline derivative 
(17), which was converted into the acetate derivative (18), 
in a mixture of EtOAc/NaH in tetrahydrofuran (Figure 5). 
The dihydro-benzo[f]quinoline acetate (16) was obtained 
from ethyl ester derivative (14). 

 
 

 

Figure 5: Synthesis of dihydro-benzo[f]quinoline derivatives (14-16) and the aromatized benzo[f]quinoline 
compounds (17, 18). 
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Synthesis of Methylbenzo[f]quinolines and 
Methyl-N-oxidebenzo[f]quinolines 

 The methyl-benzo[f]quinoline derivatives (5b) and 
(19) were reported in the literature by Hamada & 
Takeuchi [12], using the methylation reaction between 
benzo[f]quinoline (3a) and methylsulfinyl carbanion, 

generated from dimethylsulfoxide with sodium hydride 
(Figure 6). The 6-methyl compound (19), was also 
synthesized by a Skraup reaction, starting from 
anhydrous glycerol (2), a mixture of acids (Sulfo-mix) and 
4-methyl-2-naphtylamine (1d) [13].  

 
 

 

Figure 6: Synthesis of methyl-benzo[f]quinoline derivatives (5b) and (19). 
 

 
From the methylation reaction of N-

oxidebenzo[f]quinoline (20) with methylsulfinyl 
carbanion, generated like above, the autors, isolated only 
the phenanthrene (21). Using other method to generate 
the methylsulfinyl carbanion (from tert-BuOK and 

dimethylsulfoxide), was obtained the 3-
methylbenzo[f]quinoline-4-oxide (22) and a 
deoxygenated product, 3-methylbenzo[f]quinoline (5c) 
(Figure 7).  

 
 

 

Figure 7: The reaction of N-oxidebenzo[f]quinoline (20) with methylsulfinyl carbanion. 
 

 

Synthesis of Benzo[f]quinoline-5,6-oxide 

Kitahara, et al. [14] have performed the oxidation 
reaction of benzo[f]quinoline (3a) in order to synthesize 
the benzo[f]quinoline-5,6-oxide (23). Thus, using ozone in 

methanol at low temperature they obtained the 
dialdehyde derivative (23a), which with tris 
(dimethyamino) phosphine leaded to the formation of 
desired oxirane ring (Figure 8).  
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Figure 8: Synthesis of benzo[f]quinoline-5,6-oxide (23). 
 

 
The researchers also studied some reactions of 

benzo[f]quinoline-5,6-oxide(23). Thereby, the 
isomerization reaction of (23) with trifluoroacetic acid or 
24% hydro bromic acid gave quantitatively 5-

hydroxybenzo[f]quinoline (24). Instead, using 35% 
hydrochloric acid, was isolated the hydroxy chloride 
derivative (25), which heated in pyridine gave 5-
hydroxybenzo[f]quinoline (24) in a good yield (Figure 9). 

 
 

 

Figure 9: The reactions of benzo[f]quinoline-5,6-oxide (23). 
 

 

Synthesis of Fluorinated Benzo[f]quinoline 
Derivatives 

The fluorinated benzo[f]quinoline derivatives (26a-d, 
27, 28) were reported by Saeki, et al. [15], using the 
Schiemann reaction or by an electrolytic method. The 

Schiemann reaction consisted in treating the 
corresponding aromatic amines (26a’-d’) with isoamyle 
nitrite and HBF4, to give 2-, 3-, 7- and 10-
fluorobenzo[f]quinoline (26a-d) (Figure 10). 

 
 

 

Figure 10: Synthesis of 2-, 3-, 7-, 10-fluorobenzo[f]quinoline (26a-d). 
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Also, by electrochemical fluorination (EF) of 

benzo[f]qunoline (3a) with Bu4N•4.45HF at a constant 
voltage (2.7V), the authors obtained the di- and tetra-

fluorobenzo[f]quinoline derivatives (27) and (28) (Figure 
11). 

 
 

 

Figure 11: Electro fluorination of benzo[f]quinoline (3a). 
 

 

Synthesis of a Series of Benzo[f]quinolines via a 
Reaction of Schiff Bases with 1,3-dicarbonyl  

Wang, et al. [16] have reported an efficient method for 
the synthesis of a series of benzo[f]quinolines (31a-e) via 
the reaction of Schiff bases with 1,3-dicarbonyl 
compounds in aqueous medium catalyzed by TEBA 
(benzyltriethylammonium chloride). Thus, by the reaction 

between N-arylidenenaphthalen-2-amines (29a-e) and 
2,2-dimethyl-1,3-dioxane-4,6-dione (30) in H2O with 
TEBA, the expected compounds (31’a-e) were not isolated, 
but, through a Michael addition, were obtained the 
benzo[f]quinoline derivatives (31a-e) and small amounts 
of byproducts (32a-e) (Figure 12). 

 
 

 

Figure 12: Synthesis of a series of benzo[f]quinoline derivatives (31a-e). 
 

 

Synthesis of Benzo[f]quinoline Derivatives 
using a Three-Component Reaction 

Wang, et al. [17] presented in literature an efficient 
method for getting of benzo[f]quinoline derivatives (33a-
d) in good yields. Thus, three-component reaction of 

arenecarbaldehydes (34a-d), naphthalen-2-amine (1a) 
and acyclic ketones (35a-d), catalyzed by iodine in THF, 
have led to generation of expected benzo[f]quinolines 
(33a-d) (Figure 13). 
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Figure 13: The three-component reaction for the synthesis of benzo[f]quinolines (33a-d). 
 

 

Synthesis of Benzo[f]quinolines using a Suzuki 
Coupling and a Cyclization Reaction 

The synthesis of benzo[f]quinoline (3a) and its 
analogue (36) are described by Mamane, et al. [18] using 
a two-step sequence. The first step was a cross-coupling 
Suzuki reaction between pyridines (37a,b) and boronic 

acids (38a,b), in toluene with Pd (PPh3)4, as catalyst, with 
the generation of aromatic aldehydes (39a,b) (Figure 14). 
The aromatic aldehydes (39a,b) have suffered, in the 
second step, a cyclization reaction with potassium tert-
butoxide in dimethylformamide, to delivered the 
benzo[f]quinolines (3a) and (36). 

 

 

Figure 14: The two-step sequence for the synthesis of benzo[f]quinoline (3a) and its analogue (36). 
 
 

Synthesis of Benzo[f]quinolines by Direct 
Lithiation of the Pyridine Ring 

The first direct lithiation of the pyridine ring of 
benzo[f]quinoline was reported in the literature by 
Mamane, et al. [19]. Thus, using the superbase n-BuLi-
LiDMAE (n-buthylithium - lithium 

dimethylaminoethanolate), in a nonpolar solvent 
(toluene), and hexachloroethane (C2Cl6), 
tetrabromomethane (CBr4) or 1,2-diphenyldisulfane 
(PhSSPh) as electrophiles, in THF, followed by hydrolysis, 
afforded in good yields the benzo[f]quinoline derivatives 
(40a-c) (Figure 15). 

 
 

 

Figure 15: Synthesis of some 3-substituted benzo[f]quinolines (40a-c) by direct lithiation. 
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Also, by the reaction between benzo[f]quinoline (3a) 
and different bases n-BuLi, MeLi (methyllithium) or PhLi 
(phenyllithium) and DME (dimethoxyethane), the authors, 

isolated the desired alkyl-benzo[f]quinolines (41a-c) 
(Figure 16). 

 
 

 

Figure 16: Synthesis of the alkyl-benzo[f]quinolines (41a-c). 
 

 

Synthesis of Benzo[f]quinoline and 
Hydrochloride Derivative via a Skraup Reaction  

In order to improve the previous reported method in 
the literature, Bejan & Mangalagiu [20] have synthesized 

benzo[f]quinoline (3a) via a Skraup reaction using a 
mixture of 2-naphtylamine (1a), anhydrous glycerol (2), 
concentrated sulfuric acid and arsenic acid (Figure 17).  

 

 

Figure 17: Synthesis of benzo[f]quinoline hydrochloride (3a’) and benzo[f]quinoline (3a). 
 

 
In this reaction was isolated and characterized the 

benzo[f]quinoline hydrochloride (3a’), then the free base 
(3a) (obtained by neutralization with sodium hydroxide 
6N), which was subsequently purified using flash 
chromatography. Also, a detailed spectral 
characterization has been performed (NMR experiments, 
MS). 
 

Synthesis of Benzo[f]quinoline using the 
Doebner-Von Miller Reaction 

The synthesis of benzo[f]quinoline (3a) in a good yield 
is presented by Ramann & Cowen [21], using a Doebner-
Von Miller reaction between 2-naphtylamine (1a) and 3,3-
diethoxyprop-1-ene (41), cyclization being accomplished 
with a solution of 1N hydrochloric acid (Figure 18). 

  
 

 

Figure 18: Synthesis of benzo[f]quinoline (3a) using the Doebner-Von Miller reaction. 
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Conclusion 

The synthesis of benzo[f]quinoline and its nitro-, 
methyl-, alkyl-, fluoro-, aromatic-substituted derivatives, 
in satisfactory yields is reported. These syntheses 
consisted of Skraup reaction, oxidation reaction, a three-
component reaction, Suzuki coupling followed by a 
cyclization reaction, direct lithiation reaction of the 
pyridine ring, Doebner-Von Miller reaction and other. 
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