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Microwave-assisted synthesis of 3-methyl-1-octyl-imidazolium tetrachloroaluminate, [MOIM] AlCl4 and 
its application as recyclable media in Diels-Alder reaction between isoprene and maleic anhydride are 
described. This manuscript analyses the efficiency of inorganic minerals as solid supports for enhancing 
rates of Diels-Alder reaction. 
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1. Introduction 

Ionic liquids known as dipolar aprotic solvents [1] are widely used as 
green medium in most of the Diels-Alder reactions, Friedel-Crafts 
alkylation and Heck reactions [2-6]. In recent years, the room temperature 
ionic liquids have occupied a significant part in catalysis [7-9], separation 
process [10], and preparation of organic compounds [11-12] by using as 
unique solvents. These ionic liquids have many advantages over 
conventional organic solvents in the view of environmental pollution, 
catalytic activity [2, 4, 13-16] and recycling process [17]. 

Imidazolium based tetrachloroaluminate ionic liquids are behaving as 
very active catalyst than tetrafluoroborate ionic liquids for conventional 
and microwave assisted organic reactions [18].  In recent years, solid 
supports have been widely used to improve the catalytic activity of ionic 
liquids [17-19]. These tetrachloroaluminate ionic liquids behave not only 
as a good medium for Diels-Alder reactions but also catalysts for 
enhancing reaction rates [20]. Ionic liquids are considered as a potential 
solvents as their miscibility nature with a number of organic and inorganic 
compounds giving rise to homogeneous phase of the resulting mixture [4]. 
Recently, room temperature ionic liquids have occupied impressive 
position in organic synthesis as their nature of non-volatility, non-
flammability, high dissolving capacity and easy way of recycling process. 
Because of its non-volatile nature, they can be used in high-vacuum 
conditions as reaction media [6, 21]. The first green mediated Diels-Alder 
reaction was reported for the first time by Jaeger, followed by a number of 
reporters [22-25].  In recent years, several imidazolium ionic liquids 
mediated Diels-Alder reactions have been reported [23, 26-28].  Because 
of the influence nature of Lewis acids on the rate of Diels-Alder reaction, 
chloroaluminate ionic liquids are used widely [29-32].  Microwave-
assisted synthesis is a novel technology for synthesizing organic 
compounds by reducing reaction time and improving yields of reactions 
[2, 4, 13-16].  Although the exact cause of impact of ionic liquids on 
reaction rates was not well known, high internal solvent pressure [33], 
hydrogen bonding [24-25], polarity of solvents [34] and Lewis acidity [35] 
are considered as the reasons for its catalytic properties. From literature, 
it is known that most of the ionic liquids have high decomposition 
temperatures [36]. Moreover, the green mediated Diels-Alder reactions 

have no considerable vapour pressure, are non-explosive and thermally 
stable [26].  

This manuscript covers the syntheses of Diels-Alder adduct using the 
synergistic combination of [MOIM] AlCl4 ionic liquid and microwave 
irradiation supported by minerals. 

 
2. Experimental Methods 

The melting point was measured using a ThermoCal / µThermoCal10 

automatic capillary point apparatus.  Ionic liquid [MOIM] AlCl4 was 
prepared (Scheme 1) utilizing IFB household microwave oven (700 Watts) 
according to the procedure described in the literature [37]. A LCMS 
instrument (Thermo LCQ Deca XP MAX) equipped with electrospray (ESI) 
and APCI ionization (positive or negative mode) sources was used to 
monitor the course of all the reactions. IR spectra were recorded on an FT-
IR spectrophotometer (Perkin Elmer, Spectrum RX I, USA) having 1 cm (10 
mm) quartz cell. Progress of the reactions were analyzed by 1H and 13C 
NMR spectra, recorded on a Bruker 300 MHz instrument (300.13 MHz).  
UV-Visible absorption measurements were performed on a Perkin Elmer, 
Lambda 35 (USA) UVPC spectrophotometer using a 1 cm (10 mm) quartz 
cuvette. A microwave synthesizer (Biotage, Power range: 0-300 W at 2.45 
MHz) was utilized for all the microwave-assisted Diels-Alder reactions to 
be carried out. 

 
              Where R = Octyl                           

Scheme 1. Preparation of ionic liquid [MOIM] AlCl4. 

2.1 General procedure for the conventional synthesis of 5-methyl-3a,4,7,7a-
tetrahydro-2-benzofuran-1,3-dione  

 

A mixture of isoprene 1 (2.2 mmol), maleic anhydride 2 (2 mmol) (Fig. 
6) and 0.750 g of corresponding solid support were taken in a round 
bottomed flask of 25 mL capacity containing 2 mL of  [MOIM] AlCl4. The 
reaction mixture was subjected to magnetic stirring at room temperature 
for an appropriate time as indicated in Table 1.  The progress of the 
reaction was monitored by LCMS instrument. The reaction mixture was 
then extracted with diethyl ether (6 × 5 mL) and successively poured into 
a 100 mL beaker. The ethereal solution was evaporated to half the volume 
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under reduced pressure and then filtered through a 3 cm silica gel bed, to 
liberate any ionic liquid contamination. The solution was then evaporated 
to dryness and if necessary, was purified by recrystallization using n-
hexane to give excellent yield of a (Fig. 6).  The final product was analyzed 
by 1H, 13C NMR, IR, UV-Vis and LCMS measurements. 

 

2.2 General procedure for the microwave synthesis of 5-methyl-3a,4,7,7a-
tetrahydro-2-benzofuran-1,3-dione 
 

A mixture of isoprene 1 (2.2 mmol), maleic anhydride 2 (2 mmol) and 
0.750 g of corresponding solid support were taken in a mw-vial equipped 
with magnetic stirrer of 20 mL capacity containing 2 mL of  [MOIM] AlCl4. 
The vial was adopted into the Biotage Initiator plus microwave synthesis 
system and heated to 60 C for one minute with 15 seconds of initial 
mixing. The progress of the reaction was monitored by LCMS instrument. 
The resulting mixture was extracted and purified as stated above (Section 
2.1). Finally, the product was analyzed by 1H, 13C NMR, IR, UV-Vis and 
LCMS. 

 

2.3 General procedure of crystallization of solid product a 

The Diels-Alder adduct was mixed with hot n-hexane solvent in an 
Erlenmeyer flask and then swirled to dissolve the solid. The flask was 
placed on a steam bath to keep the solution warm. When the solid was all 
in solution, the flask was kept on the bench top without disturbing it. After 
appearing crystals, the flask was placed in an ice bath to complete the 
crystallization process. Then it was dried through vacuum filtration. 
 
2.4 Spectral Data of Diels-Alder adduct (Fig.1-5) 

5-methyl-3a,4,7,7a-tetrahydro-2-benzofuran-1,3-dione (a): 

Crystalline colourless solid, MP:  65oC.  
1H NMR (300 MHz, CDCl3): δ 1.48 (3H, s, -CH3), 2.12 (1H, m, -CH2), 2.26 (1H, 
 dd, -CH2), 2.71 (1H, m, -CHCO), 4.15 (1H, t, =CH2). 
13C NMR (300 MHz, Acetone-d6): δ 23.62, 26.91, 36.78, 39.67, 40.39, 
 120.09, 133.20, 206.56. 
LCMS (m/z)   (R. Time 7.66-7.93) + ESI: [M+H]+ = 167.33, 162.20, 157.33, 
 148.33, 145.33, 131.27, 79.20, 74.20. 
 (R. Time 4.95-7.08 min) + ESI: [M+H]+  = 167.0, 161.33, 157.27, 
 153.40, 148.33, 131.33, 101.27, 79.20.  
 (R. Time 4.82-7.20 min) - ESI: [M+H]+ = 167.27, 147.20, 129.20, 
 115.20, 113.27, 71.13. 
IR (KBr):  925, 1260, 1800, 1700, 1385, 1740, 2980, 2890, cm-1. 
UV/Vis λmax (CDCl3) nm: 360.91. 
 

 
Fig. 1 UV-Visible spectrum of a. 

 
Fig. 2 IR spectrum of a.     
          

 

Fig. 3  13C NMR spectrum of  a 

 

 

 

 

 

Fig. 4  1H NMR spectrum of  a    

 

                            

 

 
 

 
 

Fig. 5 LCMS spectrum of a. 
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3. Results and Discussion 

Herein, we report a developed methodology for the synthesis of 5-
methyl-3a,4,7,7a-tetrahydro-2-benzofuran-1,3-dione (a) (Fig. 6) in 
[MOIM] AlCl4 mixed with solid support by both microwave irradiation and 
conventional methods. 

 
Fig. 6 Diels-Alder reaction between isoprene and maleic anhydride 

 

Table 1 Comparative study in terms of yield (Diels-Alder adduct a) and 
reaction period for microwave and conventional techniques using various 
solid supports. 
 

Entry 
Soild 

supporta 

Conventionalb Microwavec 

Time (h)  Yield (%) d Time (min) Yield (%) e 

1 LiNTf2 1.30 98 1.00 98 

2 Sc(OTf)3 2.00 96 1.00 96 

3 Y(OTf)3 3.15 94 1.00 93 

4 K-10 4.00 93 1.00 90 

5 SiO2-60 4.45 91 1.00 83 

6 Al2O3 7.00 88 1.00 81 

 

Reaction conditions:  aamount of solid support = 0.750 g, b performed at room 
temperature, 2 mL of  [MOIM] AlCl4. c temperature= 60 C, microwave, 2mL 
of  [MOIM] AlCl4. d ,e Isolated yield. 

 
 

Table 2 Comparative study in terms of yield (Diels-Alder adduct a) and 
reaction period for microwave and conventional techniques using LiNTf2. 
 

Entry 
Amount of 

LiNTf2  (g) 

Conventionala Microwaveb 

Time (h)  Yield (%) c Time (min) Yield (%) d 

1 0.050 1.30 43 1.00 65 

2 0.125 1.30 82 1.00 90 

3 0.250 1.30 89 1.00 92 

4 0.500 1.30 94 1.00 96 

5 0.750 1.30 98 1.00 98 

6 1.000 1.30 98 1.00 98 

 

Reaction conditions: a performed at room temperature, 2 mL of [MOIM] AlCl4, 
b temperature= 60 C, microwave, 2 mL of [MOIM] AlCl4, c,,d Isolated yield. 
 

 

Fig. 7   Recyclability of the system, ionic liquid [MOIM] AlCl4 plus LiNTf2 for the 
reaction between isoprene and maleic anhydride in conventional method. (Reaction 
conditions: 2 mL of  [MOIM] AlCl4, 0.750 g of  LiNTf2,  performed at room temperature, 
isolated yield, time = 1.30 h) 

 
Fig. 8 Recyclability of the system, ionic liquid [MOIM] AlCl4 plus LiNTf2 for the 
reaction between isoprene and maleic anhydride under mw irradiation. (Reaction 
conditions: 2 mL of [MOIM] AlCl4, 0.750g LiNTf2, temperature= 60 C, microwave,  

isolated yield, time = 1.00 min) 
 

In order to obtain high yield, a group of solid supports were selected for 
the reaction between isoprene and maleic anhydride because of their 
efficiency in the green mediated reactions [17]. The selected solid 
supports are bis(trifluoromethane)sulfonimide lithium (LiNTf2), 
scandium trifluoromethanesulfonate, Sc(OTf)3, yttrium  
trifluoromethanesulfonate  Y(OTf)3, montmorillonite (K-10), silica gel 
(SiO2-60) and  alumina (Al2O3). In this present experiment, 0.750 g of solid 
support was used for each reaction (Table 1).  The maximum reaction rate 
was observed when the ionic liquid [MOIM] AlCl4 was mixed 0.750 g of 
LiNTf2 (entry 1) comparing to the other solid supports in both 
conventional and microwave irradiation techniques. Among the six 
number of solid supports aluminium oxide showed the least activity (entry 
6) in both the techniques. However there was a significant improvement 
in the reaction rate of microwave irradiation techniques. While the 
conventional reactions took hours of duration for the completion of 
reactions microwave tests finish within 1 min. The order of reactivity for 
both the techniques was in the order LiNTf2>  Sc(OTf)3> Y(OTf)3>  K-10 >  
SiO2-60 >  Al2O3. 

Because of the better efficiency of LiNTf2 (Table 1), its activity was 
further analyzed by varying the amount of LiNTf2 in the range of 0.050-
1.00 g (Table 2) using microwave and conventional methods. It should be 
noted that there was good conversion rate observed in both the techniques 
when 0.750 g/1.0 g of solid support was used (entry 5 & 6). Particularly it 
should be indicated that the minimum dosage of 0.750 g of LiNTf2 is 
sufficient to give excellent yields in both conventional and microwave 
techniques (entry 5) instead of using 1.00 g of LiNTf2.  There was a 
remarkable increase in the yield observed while changing the amount of 
LiNTf2 from 0.050 to 0.125 g. 

 
In green chemistry, the reuse of catalyst and solvent are seriously 

recommended. Before recycling, the ionic liquid was purified under 
vacuum at 75 C for 2 h  and the purity was confirmed by 1H NMR [38]. 
Therefore, the best combination, i.e., 0.750 g plus 2 mL of [MOIM] AlCl4 
was subjected to recycling process until the completion fifth duplicate 
reaction (Fig. 7). In this graphical representation, it is observed that there 
is almost equal and highest reaction rates for first two cycles in both 
conventional and microwave techniques (Fig. 7 and Fig. 8). But in 
conventional technique there is a gradual and slight decrease in the rate of 
the reaction from cycle 3 to 5. For microwave recycled reactions the rate 
of reactions were not much distinguished among cycle 3 to 5 (Fig. 8) like 
the same case of Fig. 7. It means that the activity of green medium in 
microwave synthesis was not lost as much as in the case of conventional 
method during the course of the reactions using recycled ionic liquid. All 
the microwave tests (1.30 h, Fig. 7) and conventional reactions (1.00 min, 
Fig. 8) were conducted by keeping constant time. Finally, it should be 
noted that the progress of all the microwave assisted Diels-Alder reactions 
completed within a minute while conventional magnetic stirring methods 
proceed by hours of duration. 
 
4. Conclusion 

Our study has shown for the first time [MOIM] AlCl4 ionic liquid can be 
used efficiently both as solvent and catalyst in the Diels-Alder reaction. 
The solid supports and microwave irradiation have occupied a significant 
role in the rate enhancement. Applications of this novel green medium are 
under investigation in our laboratory for other reactions. 
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