
Journal of Fluorine Chemistry 144 (2012) 7–9
Short communication

FSG-Hf(NPf2)4 catalyzed, environmentally benign synthesis of 1,8-dioxo-
decahydroaridines in water–ethanol

Mei Hong *, Guomin Xiao

School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, People’s Republic of China

A R T I C L E I N F O

Article history:

Received 21 July 2012

Received in revised form 3 September 2012

Accepted 9 September 2012

Available online 16 September 2012

Keywords:

Fluorous silica gel

Bis(perfluorooctanesulfonyl)imide

1,8-Dioxo-9-aryl-decahydroacridines

A B S T R A C T

An efficient, eco-friendly and simple work-up procedure for the synthesis of 1,8-dioxo-decahydroa-

cridines has been developed through one-pot condensation reaction of aromatic aldehyde, 5,5-dimethyl-

1,3-cyclohexanedion and different aromatic amine or ammonium acetate in the presence of a catalytic

amount of FSG supported Hf(NPf2)4 as a stable and recyclable catalyst under water–ethanol (1:1, v/v).

This protocol was found to be applicable to obtain a diverse range of 1,8-dioxo-9-aryl-decahydroacridine

derivatives in 49–83% isolated yields and the catalyst was recycled for three cycles.

� 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Acridines derivatives, constituting a 1,4-dihydropyridine (DHP)
ring skeleton are reported to possess a multiplicity of pharmaco-
logical properties including antimalarials and in cancer chemo-
therapy [1–5]. Also, these derivatives are used for the production of
dyes in the industry [6]. Another role of acridines is to synthesize
labeled conjugates with medicinals, peptides, proteins and nucleic
acids that exhibit antitumor and DNA-binding properties [7–9].
Due to the broad utility of acridines, there has been growing
interest in the development of a number of efficient synthetic
protocols for the preparation of these molecules. One of the
commonly used methods reported for the synthesis of acridine
derivatives involved the condensation of aldehydes, 5,5-dimethyl-
1,3-cyclohexanedione and different anilines, ammonium acetate
or ammonium bicarbonate via one-pot multicomponent reaction
in the presence of different catalysts such as p-dodecylbenezen-
sulfonic acid (DBSA) [10], praline [11], amberlyst-15 [12],
[Hmim]TFA [13], MCM-41-SO3H [14] and Brønsted acidic imida-
zolium salts containing perfluoroalkyl tails [15], etc. Although
these methods are effective, some of them often involve the use of
expensive and non-recyclable catalysts, hazardous organic sol-
vents and tedious conditions. Furthermore, the substrate amine
was specialized in p-toluidine. Consequently, the development of
more convenient, economical and eco-friendly methodology and
expand of substrate for the synthesis of acridines is highly desired.
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In recent decades, the catalytic application of metal bis(per-
fluorooctanesulfonyl)imides in FBS has undergone rapid growth
[16–18]. But perfluorinated solvents are expensive and environ-
mentally persistent. Yamamoto synthesized fluorous phenylboro-
nic [19], super Brønsted acid [20] and polystyrene-bound super
Brønsted acid [21] as recyclable fluorous acid catalysts to catalyze
reaction without fluorous solvent. Nishikido and co-workers have
already reported the immobilization of fluorous Lewis acids using
b-cyclodextrin epichlorohydrin copolymer as a support to catalyze
Diels–Alder and Mukaiyama-aldol reactions in water [22]. They
also reported that FSG-supported fluorous Lewis acids act as
effective catalysts of Baeyer–Villiger and Diels–Alder reactions in
water [23]. Furthermore, the use of water as a promising solvent
for organic reactions has received considerable attention in the
arena of organic synthesis owing to its green credentials [24]. Due
to our continuing interest in the use of fluorous silica gel supported
Hf(NPf2)4 (FSG-Hf(NPf2)4) as catalyst for the synthesis of fine
chemicals and heterocyclic compounds of biological importance
we observed that 5,5-dimethyl-1,3-cyclohexanedione undergoes
smooth condensation with aromatic aldehydes and anilines or
ammonium acetate to give 1,8-dioxo-9-aryl-decahydroacridines in
aqueous media (Scheme 1).

2. Results and discussion

Reactivities of several FSG-supported Lewis acids were
investigated in the reaction of benzaldehyde, 5,5-dimethyl-1,3-
cyclohexanedione and ammonium acetate in water–ethanol
(1:1, v/v) at reflux for 6 h. The results are summarized in
Table 1. FSG-supported Hf(NPf2)4 catalyzed the reaction to give
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Scheme 1. FSG-Hf(NPf2)4 catalyzed synthesis of 1,8-dioxo-9-aryl-decahydroacridines.
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the corresponding product in the yield of 82% and FSG-supported
HNPf2, Yb(NPf2)3 and Sc(NPf2)3 showed less catalytic than the
above catalyst. The reaction catalyzed by Hf(NPf2)4 without
support afforded the desired product in 69% yield and the reaction
in the presence of FSG without Lewis acid gave poor yield. When
the reaction was performed in the absence of catalyst under the
same reaction conditions, it did not produce the desired product
even after 24 h (Table 1, entry 10), demonstrating the catalytic role
of FSG-Hf(NPf2)4 in the success of the reaction in terms of the
yields. Encouraged by these results and to optimize the reaction
conditions, the effect of load of the catalyst on the reaction yields
was studied. It was observed that 1 mol% of FSG-Hf(NPf2)4 was as
effective as higher loads of the catalyst to efficiently catalyze the
reaction (Table 1, entries 5 and 9) and hence, the optimal reaction
conditions for the model reaction were found to be 1 mol% FSG-
Hf(NPf2)4 in water–ethanol (1:1, v/v) at reflux.

Under the optimized reaction conditions, the scope and
limitations of this synthetic protocol were investigated by treating
5,5-dimethyl-1,3-cyclohexanedione with a wide range of aromatic
aldehydes and anilines or ammonium acetate to afford the
corresponding 1,8-dioxo-9-aryl-decahydroacridines (3a–v) in
good yields in the presence of 1 mol% FSG-Hf(NPf2)4 (Table 2).
The effect of electron and the nature of substituents on the
aromatic ring of the aldehydes did not show expected strong
effects in terms of yields under these reaction conditions.
Benzaldehyde and other aromatic aldehydes containing electro-
withdrawing groups (such as nitro, halide groups) or electron-
donating groups (hydroxyl, alkoxyl groups) were employed and
they were found to react well to give the corresponding 1,8-dioxo-
9-aryl-decahydroacridines. We also observed that ammonium
acetate and various aromatic amines such as aniline, p-toluidine, p-
methoxyaniline reacted smoothly under the conditions. However,
anilines used as the ammonium source gave 3 in lower yield
than ammonium acetate as the ammonium source. The reason may
be that ammonia released from ammonium acetate is more
Table 1
Optimization of the reaction conditions for the synthesis of 3,3,6,6-tetramethyl-9-

phenyl-1,8-dioxo-1,2,3,4,5,6,7,8,9,10-decahydroacridine.a

Entry Catalyst Catalyst load (mol%) Yields (%)b

1 FSG-HNPf2 1 41

2 FSG-HNPf2 4 54

3 FSG-Yb(NPf2)3 1 51

4 FSG-Sc(NPf2)3 1 59

5 FSG-Hf(NPf2)4 1 82, 79, 77, 76c

6 Hf(NPf2)4 1 69

7 FSG – 25

8 FSG-Hf(NPf2)4 0.5 53

9 FSG-Hf(NPf2)4 1.5 85

10 – – Trace

a Reaction conditions: 1 mmol benzaldehyde, 2 mmol 5,5-dimethyl-1,3-cyclo-

hexanedione, 1.2 mmol ammonium acetate, 8 mL water–ethanol (1:1, v/v), reflux,

6 h.
b Isolated yields.
c Catalytic system was reused for three times.
nucleophilic than aromatic amines like aniline. Aromatic amines
substituted with electron-donating group gave the expected
molecules in 49–67% yield, while aromatic amine substituted
with electro-withdrawing such as Cl gave no product.

Additionally, we also investigated the recyclability of FSG-
Hf(NPf2)4 for four consecutive cycles (fresh + 3 cycles) for the
synthesis of 3,3,6,6-tetramethyl-9-phenyl-1,8-dioxo-1,2,3,4,5,6,
7,8,9,10-decahydroacridine (3o). The mixture of 5,5-dimethyl-
1,3-cyclohexanedion, benzaldehyde and ammonium acetate was
heated in the presence of 1 mol% FSG-Hf(NPf2)4 in water–ethanol
(1:1, v/v) at reflux for 6 h. After completion of the reaction, FSG-
Hf(NPf2)4 could be easily recovered by centrifugation and
decantation and showed good reusability with slight decrease in
its activity after three runs (Table 1, entry 5). The Hf(IV) leaching in
the crude mixture of each recycling process was less than 8 ppm as
determined by ICP analysis. There was marginal decrease in yield
after three reuses which might be due to the small amount of
catalyst lost during handling.

3. Experimental

3.1. General

The progress of the reactions was monitored by thin layer
chromatography (TLC). Melting points were obtained with
Shimadzu DSC-50 thermal analyzer and are uncorrected. Mass
spectra were obtained with automated FININIGAN TSQ Advantage
mass spectrometer. 1H NMR spectra were measured on Bruke
Advance RX500. FTIR were conducted on a Bruker VERTEX70
spectrophotometer. Inductively coupled plasma (ICP) spectra were
measured on an Ultima2C apparatus. Fluorous silica gel was
purchased from Fluorous Technologies Inc. All chemicals (AR grade)
were commercially available and used without further purification.

3.2. Preparation of catalyst

The synthesis of FSG-Hf(NPf2)4 was carried out as reported in
literature [20]. Into a solution of hafnium (IV) bis(perfluorooctane-
sulfonyl)imide complex (200 mg) in ethanol (10 mL), fluorous silica
gel (2 g) was added and the resulting mixture was stirred for 1 h at
room temperature. After removal of the solvent under reduced
pressure, residual FSG-supported hafnium (IV) bis(perfluoroocta-
nesulfonyl)imide complex was dried under vacuum at 80 8C for 6 h.

3.3. General procedure for the synthesis of 1,8-dioxo-9-aryl-

decahydroacridines

A mixture of an aromatic aldehyde (1 mmol), 5,5-dimethyl-1,3-
cyclohexanedione (2 mmol), aromatic amine or ammonium
acetate (1.2 mmol) and FSG-Hf(NPf2)4 (1 mol%) in water–ethanol
(1:1, v/v, 8 mL) was stirred at reflux. The progress of the reaction
was monitored by TLC. After completion of the reactions, the
mixture was cooled to r.t. and filtered. The filtrate was
concentrated to obtained the crude product. The supported



Table 2
FSG-Hf(NPf2)4 catalyzed synthesis of 1,8-dioxo-decahydroacridines via one-pot

condensation reaction.a

Entry R1 R2 or NH4OAc Product Reaction

time (h)

Yields

(%)b

1 H Ph 3a 6 49

2 4-CH3 Ph 3b 6 58

3 4-CH3O Ph 3c 6 59

4 3-NO2 Ph 3d 5.5 57

5 4-Cl Ph 3e 6 58

6 H 4-CH3C6H4 3f 7 66

7 4-CH3 4-CH3C6H4 3g 5.5 67

8 4-Cl 4-CH3C6H4 3h 6.5 66

9 H 4-CH3OC6H4 3i 6 61

10 4-CH3 4-CH3OC6H4 3j 5.5 67

11 4-Cl 4-CH3OC6H4 3k 6.5 65

12 H 4-ClC6H4 3l 7 Trace

13 4-CH3 4-ClC6H4 3m 7 Trace

14 4-Cl 4-ClC6H4 3n 7 Trace

15 H NH4OAc 3o 4 82

16 4-CH3 NH4OAc 3p 5 75

17 4-CH3O NH4OAc 3q 5 80

18 4-(CH3)2N NH4OAc 3r 6 80

19 4-OH NH4OAc 3s 5 77

20 4-Cl NH4OAc 3t 3 82

21 4-Br NH4OAc 3u 3 83

22 2,4-Cl2 NH4OAc 3v 4 83

a Reaction conditions: 1 mmol aromatic aldehydes, 2 mmol 5,5-dimethyl-1,3-

cyclohexanedione, 1.2 mmol anilines or NH4OAc, 1 mol% FSG Hf(NPf2)4, reflux.
b Isolated yields after recrystallization.
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catalyst was washed with ethanol and dried under vacuum, then
reused in the next cycle. The crude products were purified by
recrystallization from EtOH (95%).

The physical and spectral data of known compounds (3a–v)
were found to be in agreement with the reported data.

4. Conclusion

In summary, FSG-Hf(NPf2)4 has been successfully applied as
an efficient and environmentally benign supported catalyst for
the synthesis of a series of 1,8-dioxo-9-aryl-decahydroacridines
through one-pot condensation of 5,5-dimethyl-1,3-cyclohexane-
dione, aromatic aldehydes and different anilines or ammonium
acetate in water–ethanol at reflux. This synthetic protocol offers
several advantages including recyclability of the catalyst, opera-
tional simplicity, cleaner reaction and minimal environmental
impact which makes it a useful and attractive process for the
synthesis of these compounds.
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