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EXPERIMENTAL PAPER

Friedl€ander Synthesis of Novel Polycyclic Quinolines Using
Solid SiO2/H2SO4 Catalyst

Rajendran Satheeshkumara , Krishnamoorthy Shanmugarajb , Thalia Delgadoa ,
Jeanluc Bertranda , Iv�an Britoc , and Cristian O. Salasa

aDepartamento de Qu�ımica Org�anica, Facultad de Qu�ımica y de Farmacia, Pontificia Universidad
Cat�olica de Chile, Santiago de Chile, Chile; bDepartamento de F�ısico-Qu�ımica, Facultad de Ciencias
Qu�ımicas, Universidad de Concepci�on, Concepci�on, Chile; cDepartamento de Qu�ımica, Facultad de
Ciencias B�asicas, Universidad de Antofagasta, Antofagasta, Chile

ARTICLE HISTORY Received 15 May 2020; Accepted 13 August 2020

In the current milieu of synthetic organic chemistry, environmental, economic and industrial
issues have caused practitioners to re-examine the significance and value of heterogeneous
catalysts.1,2 Among the most useful of these is silica gel/sulfuric acid (SSA),3,4 readily pre-
pared and easily deployed in the synthesis laboratory.5,6 Given the widely-recognized useful-
ness of quinolines in drug design7,8 and in diversity studies,9–12 we turned our attention to
the preparation of the title compounds using SSA as an improved catalyst for the
Friedlander reaction. To the best of our knowledge, this is the first such report. We made
and rigorously characterized novel polycyclic quinoline derivatives by the SSA catalyzed con-
densation of 2-aminoarylketones 1 with 1,2- or 1,3-dicarbonyl compounds. Thus 1 reacted
with 1,2-cyclohexanedione or with 1,3-cyclohexanedione to give 2,3-dihydroacridin-4-ones 3
(Scheme 1) and 3,4-dihydroacridin-1-ones 5 (Scheme 2), respectively.
We optimized our reaction conditions using the preparation of compound 3a as our

model, and the results are summarized in Table 1. Using thin layer chromatography to
check the reaction endpoint, we examined the model with respect to catalyst (10mol%),
solvent, temperature and time (see Experimental section). Based on yields, the best
results (Table 1, entry 5) employed SSA in methanol at reflux for 2 hours and resulted
in 3a in 92% yield. The structure of 3a was supported by elemental analysis, by FT-IR
and NMR spectra, and by single-crystal X-ray diffraction studies (Figure 1).
In extending our preparations to the other compounds designated in Scheme 1, we

found that yields were excellent (mean 92%). The crude products were isolated by sim-
ple filtration and were purified by recrystallization from ethyl acetate. No chromato-
graphic procedure was required to obtain pure products.
Application of our SSA catalyzed Friedlander procedure was also made to the reac-

tions shown in Scheme 2, in which the diketone was 1,3-cyclohexanedione. Similar
results were obtained in this family of compounds. The range of yields was 90-95%.
The compounds were rigorously characterized, and the single crystal X-ray structure of
5c is shown in Figure 2.
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Scheme 1. Synthesis of 2,3-dihydroacridin-4-ones (3).

Scheme 2. Synthesis of 3,4-dihydroacridin-1-ones (5).

Table 1. Optimization of reaction conditions for preparation of 3a.
Entry Catalyst Solvent Temperature Timea Yieldb (%)

1. – CH3OH Reflux 5 42
2. SiO2 CH3OH Reflux 5 52
3. H2SO4 CH3OH Reflux 8 65
4. SiO2/H2SO4 CH3OH RT 12 60
5. SiO2/H2SO4 CH3OH Reflux 2 92
6. SiO2/H2SO4 CH3CN Reflux 6 70
7. SiO2/H2SO4 H2O Reflux 2 66
8. SiO2/H2SO4 CH3COOH Reflux 6 80
9. SiO2/H2SO4 C2H5OH Reflux 4 85
10. SiO2/H2SO4 – neat 3 75
11. Recycled SSA CH3OH Reflux 2 90
aTime duration of reaction in hours.
bIsolated pure products.

ORGANIC PREPARATIONS AND PROCEDURES INTERNATIONAL 139



In conclusion, we have presented our results on the SSA-catalyzed Friedlander prep-
aration of novel polycyclic quinolines. These were formed from the reactions of o-ami-
noarylketones with 1,2- and 1,3-cyclohexanediones. Compared to previous catalysts
used for these reactions,13–16 the present methods combine the important advantages of
high yields, mild reaction conditions, simplicity of operations, and the use of a readily-
available and inexpensive catalyst.

Figure 1. ORTEP crystal structure of compound 3a.

Figure 2. ORTEP crystal structure of compound 5c.
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Experimental section

All the reagents and chemicals were purchased from Sigma Aldrich and AKSci. When
known compounds had to be prepared according to literature procedures, pertinent
references are given. The purity of the products was tested by TLC on silica gel 60 F254
25 aluminum backed sheets, 20 X 20 cm (Merck), using petroleum ether and ethyl acet-
ate in the ratio of 75:25 as developing solvents. FT-IR spectra were obtained on a
BRUKER brand, model VECTOR 22, instrument. NMR spectra were taken on a
BRUKER AVANCE III HD-400 [400MHz (1H) and 100MHz (13C)] instrument.
Melting points were determined on a Kofler Thermogerate apparatus and are uncor-
rected. Elemental analyses were obtained on a Vario EL III model CHNS (Germany)
analyzer at the Department of Chemistry, Bharathiar University.

Preparation of SSA17

To prepare SSA, 0.5 g of silica and 0.4mL of conc. sulfuric acid were stirred thoroughly
for 30min. The mixture was heated in a hot air oven at 85˚C for 1h, cooled to room
temperature, and then it was used for reactions.

General procedure for the synthesis of 9-aryl-2,3-dihydro-1H-acridin-4-ones 3 and
3,4-dihydroacridin-1-ones 5

The appropriate 2-amino-arylketone (1, Sigma-Aldrich, 1mmol) and cyclic dione (2 or
4, 1.2mmol) were dissolved in methanol (5mL) and refluxed with freshly prepared
SiO2/H2SO4 (0.1mmol) for 2 hrs. The completion of the reaction was monitored by
TLC. The product was isolated from the reaction mixture by simple filtration, then
evaporation of methanol. The obtained product was purified through recrystallization
using ethyl acetate to yield the corresponding products 3 and 5, as indicated. Complete
characterization data are provided in Table 2.
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Supplementary data

CIF files for compounds 3a and 5c have been deposited with the Cambridge Crystallographic
Data Centre as CCDC number 1962353 and 1989190. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK, Fax: þ44 (0) 1223
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Supplementary information

Copies of FT-NMR and HR-MS spectral data of the synthesized compounds and a table of crystal
data are available as supporting information in the online version of this article or from the cor-
responding author upon request.
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