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SULFONATED ORDERED NANOPOROUS CARBON AS AN EFICIENT SOLID CATALYST FOR THE 
SYNTHESIS OF PERIMIDINE DERIVATIVES
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ABSTRACT

Sulfonated ordered nanoporous carbon (CMK-5-SO3H) efciently catalyzes the synthesis of perimidines using cyclocondensation of various aldehydes and 
ketones with 1,8-diaminonaphthalene in ethanol as a solvent at room temperature. This catalyst can be recovered and reused without significant loss of activity. 
This methodology provides a simple synthetic route to interesting classes of heterocycles in excellent yields at short time.
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INTRODUCTION

Perimidine derivatives have attracted the organic chemists interest due 
to their biological activities such as antifungal, antimicrobial, antiulcer and 
antitumor agents1. Numbers of methods have been developed for the synthesis 
of perimidines involving the condensation of 1,8-diaminonaphthalene with 
various carbonyl compounds2-10. Despite efficiency of several published 
methods, some of these procedures suffer from disadvantages such as long 
reaction time, use of non reusable catalyst and limitation in the use of ketone 
as a substrate. Therefore, it seems that there is much room for the development 
of new protocols to overcome these problems. The use of heterogeneous solid 
catalysts in the organic synthesis and industrial reactions is interesting due to 
their suitable acidity, thermal stability, selectivity and reusability; they also 
provide a green alternative to homogeneous catalysts11. Among the diferent 
types of heterogeneous catalysts, recently, Wang and his co-workers prepared 
a novel sulfonic functionalized ordered mesoporous carbon (CMK-5-SO3H) 
that has high surface area, high loading and uniform nanostructure12. However, 
to the best of our knowledge, there is no report available on the synthesis of 
perimidine derivatives using CMK-5-SO3H catalysts in the open literature. 

Herein, we report a simple, convenient, and efficient method for the 
synthesis of perimidine derivatives by cyclocondensation of various aldehydes 
and ketones with 1, 8-diaminonaphthalene in the presence of CMK-5-SO3H as 
a reusable and eco-friendly catalyst (Scheme 1).

composite was filtrated and washed with EtOH and acetone to remove excess 
and unpolymerized FA. The obtained composite was heated to 850 °C under 
vacuum at a ramp of 10 °C/min for 3 h to carbonization. Ordered mesoporous 
carbon (CMK-5) was obtained by removal of silica by HF (10 % in 1 : 1 EtOH 
– H2O), washed with copious water and EtOH, and dried at 100 °C. For the 
sulfonation of CMK-5, initially 4-benzenediazoniumsulfonate was synthesized 
by diazotization of p-sulfanilic acid. Solution of NaNO2 (1 M) was slowly 
added to a mixture of 12.99 g of p- sulfanilic acid (0.075 mol) and 7.5 g HCl 
(1 M) at 3-5°C in order to option the clear solution and then the mixture was 
stirred for 45 min. The white precipitate formed was filtered off, washed by 
cold water, and dried under reduced pressure.

In a typical modification, 1.2 g of CMK-5 was added in a mixture of 12.0 
g of 4-benzenediazoniumsulfonate, 200 ml of distilled water and 200 ml of 
ethanol. Subsequently, the mixture was cooled down to 5 °C and 200 ml of 50 
wt % H3PO2 aqueous solution was added. After stirring for 30 min, another 200 
ml of H3PO2 aqueous solution was added and stirred at 5 °C for 30 min. Finally 
CMK-5-SO3H was filtered off, washed with distilled water and acetone, and 
dried in an oven at 80 °C. The amount of acid in CMK-5-SO3H was determined 
by thermogravimetric analysis (TGA) and ion-exchange pH analysis. Typically 
a loading of ca. 0.84 mmol/g was obtained. 

1. 2 General procedure for the synthesis of perimidines
A mixture containing 1,8-diaminonaphthalene (1.0 mmol), carbonyl 

compound (1.0 mmol) and CMK-5-SO3H (0.011 g: 1 mol%) in ethanol (3 mL) 
was stirred at room temperature for the appropriate time according to Table 
2. (The progress of reaction was monitored by TLC). After completion of the 
reaction, catalyst was separated by filtration. Then water was added to the 
filtrate (3–5 mL) and the mixture was filtered and the precipitate washed with

water and dried. The structure of products was characterized by spectral 
data (1H NMR and 13C NMR) and physical properties and comparison with 
authentic samples.

2-(4-Chlorophenyl)-2,3-dihydro -1H-perimidine (Table 2, entry 4): 1H 
NMR (CDCl3, 400 MHz) δ:  7.59 (d, J= 8.4 Hz, 2H), 7.44 (d, J= 8.4 Hz, 2H), 
7.31- 7.25 (m, 4H), 6.54 (d, J = 6.8 Hz, 2H), 5.46 (s, 1H), 4.52 (br, 2H); 13C 
NMR (CDCl3, 100 MHz) δ: 141.80, 138.61, 135.41, 134.85, 129.35, 129.05, 
126.91, 118.12, 113.39, 105.98, 67.69. 

2-Naphtyl-2,3-dihydro-1H-perimidine (Table 2, entry 8): 1H NMR 
(CDCl3, 400 MHz)  δ: 7.28–8.66 (m, 11H), 6.57 (d, J= 6.4 Hz, 2H), 6.18 (s, 
1H), 4.72 (br, 2H). 13CNMR (CDCl3, 100 MHz) δ: 142.36, 135.03, 134.76, 
134.22, 131.18, 130.09, 128.88, 126.92, 126.47, 126.08, 125.38, 117.92, 
113.59, 105.96, 65.50.

2,3-dihydro-2-(1H-indol-3-yl)-1H-perimidine (Table 2, entry 9): 1H 
NMR (CDCl3, 400 MHz)  δ: 8.39 (br, 1H), 7.42-7.16 (m, 9H), 6.53 (d, J= 6.8 
Hz, 2H), 4.69 (br, 2H). 13CNMR (CDCl3, 100 MHz) δ: 142.76, 126.94, 125.66, 
124.35, 123.61, 132.02, 122.81, 120.20, 120.07, 117.68, 115.52, 113.84, 
111.52, 105.82, 67.10.

Spiro[1H-2,3-dihydroperimidine-2,1’-cyclohexane[(Table 2,  entry 
11): 1H NMR (CDCl3, 400 MHz) δ: 7.28-7.14 (m,4 H), 6.51 (d, J=7.2, 2H), 
4.42 (br s, 2H), 1.75-1.76 (m, 4H), 1.66-1.60 (m, 4H), 1.55-1.51 (m, 2H); 13C 
NMR (CDCl3, 100MHz) δ: 139.99, 134.68, 127.05, 116.99, 113.38, 105.94, 
65.33, 36.90, 25.26, 22.34. 

Scheme 1.
EXPERIMENTAL

1.1  Preparation of CMK-5-SO3H
CMK-5-SO3H was prepared according to the reported procedure11.  For the 

synthesis of CMK-5 type carbons, SBA-15 was employed as a hard template. 
Typically, 31.5 g of tetraethoxysilane (TEOS), 12 g of pluronic P123 (Aldrich, 
average  Mw = 5800), 375.6 g of H2O, 74.4 g of concentrated HCl and 16.5 g 
of KCl were mixed together under stirring to form the homogeneous solution 
at 38 °C for 8 min. The mixture was kept at the same temperature for 24 h 
and then the solution was transferred into autoclaves and aged at 130 °C 
for another 24 h. The product was directly filtered of washed by water, and 
calcined at 550 °C in air for 5 h. After these processes, calcined SBA-15 was 
impregnated in aqueous solution of AlCl3 (molar ratio Si / Al = 20), Al-SBA-15 
was generated by removal of H2O and calcination in air. Furfuryl alcohol (FA) 
as a carbon precursor was impregnated in Al-SBA-15 at room temperature, 
then polymerization of FA was carried out at 80 °C for 16 h. Afterwards, the 
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2-Methyl-2-phenyl-2,3-dihydro-1H-perimidine (Table 2,  entry 14):   
1H NMR (CDCl3, 400 MHz)  δ: 7.62 (d,  J= 7.6  Hz, 2H), 7.34-7.14 (m, 7H), 
6.57 (d,  J= 7.6 Hz, 2H), 4.77 (br, 2H), 1.85 (s, 3H);  13 C NMR (CDCl3, 100  
MHz) δ: 145.93, 140.11, 134.62, 127.71, 127.01, 126.22, 125.95, 117.44, 
113.57, 106.086, 68.19, 29.34.

RESULTS AND DISCUSSION

In this work, we initially showed the effect of solvent and catalyst 
for the preparation of 2-p-tolyl-2,3-dihydro-1H-perimidine. Therefore, 
4-methylbenzaldehyde (1 mmol) was treated with 1,8-diaminonaphthalene (1 
mmol) in the absence and presence of different amount of CMK-5-SO3H in 
various solvents at room temperature for 15 min (Table 1). As it is clear from 
this Table, the best result was obtained when the reaction was carried out in the 
presence of 0.011 g (1 mol%) of CMK-5-SO3H in ethanol as a solvent (Table 
1, entry 6). Use of higher amount of catalyst (1.5 mol%) in ethanol at room 
temperature neither improves the yield nor reaction time further.

Table1: Optimization of reaction conditions.

Entry Solvent CMK-5-SO3H 
(mol%)

Time 
(min) Yield(%)

1 1,4-Dioxane 1 15 60
2 Acetonitrile 1 15 75
3 Dichloromethane 1 15 86
4 Water 1 15 45
5 Tetrahydroforane 1 15 83
6 Ethanol 1 15 92
7 Ethanol - 15 65
8 Ethanol 0.5 15 80
9 Ethanol 1.5 15 92

In order to show the generality of this reaction we synthesized different 
substituted perimidines using cyclocondensation of various aldehydes and 
ketones with 1,8-diaminonaphthalene in the presence of CMK-5-SO3H as a 
catalyst in ethanol (Table 2).

Table 2: Preparation of perimidine derivatives.
Entry Carbonyl compound Time (min) Yield(%)

1 PhCHO 5 91
2 4-Me-PhCHO 10 92
3 4-HO-PhCHO 25 95
4 4-Cl-PhCHO 2 93
5 4-MeO-PhCHO 15 92
6 2-Cl-PhCHO 25 94
7 4-NO2-PhCHO ‹1 92
8 2-naphtylaldehyde 5 93
9 indole-3-carbaldehyde 30 95
10 cyclopentanone 120 91
11 cyclohexanone 5 92
12 acetone 15 90
13 isatin 60 80
14 acetophenone 7(h) 80
15 4-Cl- acetophenone 4(h) 80

Reaction 1-13 were performed at 1 mmol scale using 1 mol% CMK-5-
SO3H in C2H5OH at room temperature. Reactions 14 and 15 were performed 
at 1 mmol scale using 1 mol% of CMK-5SO3H in reflux of ethanol.

As shown in Table 2, various aromatic aldehydes bearing electron-
withdrawing groups and electron-donating groups reacted with 
1,8-diaminonaphthalene in the presence of CMK-5-SO3H under optimal 
reaction conditions to give aryl-2,3-dihydro-1Hperimidines in excellent yields 
at short time (Table 2, entries 1-8). Similarly, heteroaromatic aldehyde such 
as indole-3-carbaldehyde afforded the desired product in 95% yield after 
30 min (Table 2, entry 9). This method is also suitable for the preparation 
of perimidines from aliphatic and aromatic ketones (Table 2, entries 10-15). 
Aliphatic ketones such as cyclopentanone, cyclohexanone, acetone and isatin 
reacted with 1,8-diaminonaphthalene in the presence of CMK-5-SO3H at room 

temperature for 5-120 min in high to excellent yields. The reactions with 
aromatic ketones were carried out in the reflux of ethanol EtOH for 4-7 h. In 
general, the reaction of aliphatic ketones requires a longer time than aromatic 
ketones because the conjugating factor of the phenyl ring in aromatic ketones, 
played a key role in affecting the rate of reaction.

Also at the end of the reaction (10 min) of 4- methylbenzaldehyde with 
1,8-diaminonaphthalene, the catalyst was filtered off, washed with ethanol, 
dried, and reused as such for subsequent experiments under same reaction 
conditions. The results in Table 3 clearly established the recyclability and 
reusability of the catalyst without loss of activity.

Table 3: Results of recyclability of the catalyst.
Entry Cycle Yield (%)

1 1 92
2 2 95
3 3 90
4 4 90

Scheme 2

Mechanistically10, the reaction proceeds via the activation of carbonyl 
compound by CMK-5-SO3H followed by imine formation. The resulting imine 
further reacts with second amine group of 1,8-diaminonaphthalene resulting in 
the formation of an intermediate B which subsequently undergoes 1,3-proton  
transfer to give the corresponding perimidine as shown in Scheme 2.

CONCLUSIONS

In summary, we have developed simple, efficient   and environmentally  
friendly  approach and easy work-up for the preparation of perimidines by 
condensation of various aldehydes or ketones with 1,8-diaminonaphthalene 
in the presence of CMK-5-SO3H as a highly active, stable, reusable and eco-
Friendly catalyst in single step.  The reactions are very clean, fast and the yields 
of the products are excellent in most cases.

Supplementary Data: Experimental procedure and characterization data 
for CMK-5-SO3H are available in Supporting Information.
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