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Abstract: The synthesis of 2, 4, 6-triisopropyl-1, 3, 5-trioxane with high yield and desirable selec-
tivity from solvent-free cyclotrimerization of isobutyraldehyde catalyzed by ionic liquids was 
reported in this work. 
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2, 4, 6-Triisopropyl-1, 3, 5-trioxane, which is sublimable, nontoxic, odourless and taste- 
less, was of great interest for the practical application.  The conventional approach for  
snynthesizing 2, 4, 6-triisopropyl-1, 3, 5-trioxane was through the cyclotrimerization of 
isobutyraldehyde catalyzed by protonic acid such as H2SO4, H3PO4

1, Lewis acid such as 
ZnCl2

1, solid acid such as ZrO2, Zr(OH)2, TiO2，SnO2
2, bentonitic earth3, Ph3P+CH2CO- 

MeBr-4, Me3SiCl5, Cp2Zr(OTf)2
6, Keggin-type heteropolyacids such as H3PMo12O40, H3P 

W12O40 and H4SiW14O40
7. 

More recently, ionic liquids as an environmentally benign media for organic syn-
thesis and catalytic reaction have attracted extensive attention8-12.  To the best of our 
knowledge, the cyclotrimerization of aldehydes using ionic liquids as catalyst has not 
been reported.  

In this work, we report a novel method for the synthesis of 2, 4, 6-triisopropyl-1, 3, 
5-trioxane from the cyclotrimerization of isobutyraldehyde catalyzed by ionic liquids.  
The reaction was illustrated in Scheme 1. 
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Experimental 
 
The ionic liquids, BMIC/AlCl3, BMIC/FeCl3 (where BMIC is 1-butyl-3-methylimidazo- 
lium chloride), EMIC/ FeCl3(where EMIC is 1-ethyl-3-methylimidazolium chloride), 
[Et3NH]Cl/AlCl3, [Et3NH]Cl/FeCl3, [BuNH3]Cl/FeCl3, [NEt2H2]Cl/FeCl3, [Hmim]BF4 
(where [Hmim]+ is N-methylimidazolium cation), BMIC /ZnCl2 and BMIC /CuCl, were 
synthesized according to the literatures13-19 respectively.  A typical procedure for the 
synthesis of  2, 4, 6-triisopropyl-1, 3, 5-trioxane was as follows: In a 100 mL three  
necked flask equipped with a thermometer, a reflux condenser and a N2-inlet valve, 25 g 
isobutyraldehyde( Merck, ≥99%) and 1 g ionic liquid([Et3NH]Cl/FeCl3) were added.  
The reaction mixture was stirred at room temperature for 1 h and the crystals formed.  
After reaction, n-hexane(30 mL) was added to the flask to dissolve the crystals, the 
solvent phase was decanted and monitored by GC-MS(Agilent 6890 Series/5973N).  
The ionic liquid was reused after rotary distillation in vacuum.  2, 4, 6-Triisopropyl-1, 3, 
5-trioxane(22.7 g, yield 91.1%) was obtained after removal of n-hexane and isobutyr-
aldehyde.  MS(70eV) m/z: 215(M+), 173 (3), 145(23), 73(100), 55(15).  1HNMR 
(Brucker DX S300, CDCl3，δppm) 0.95 (d , 18H, J=6.8Hz, CH3), 1.75(q, 3H, CH), 4.5(d, 
3H, J=5Hz, CH).  IR(Nicolet NEXUS-670 FT-IR, KBr), ν(cm-1): 2964 (CH), 1379(CH3), 
1102(C-O-C).  Elemental analysis(%): Calcd. for C10H21O3 C, 66.67; H, 11.11; Found: 
C, 66.60; H, 11.26. 

 
Results and Discussion 

 
The results of the cyclotrimerization of isobutyraldehyde catalyzed by different ionic 
liquid without solvent were shown in Table 1.  It was found that both aluminum 
chloride based ionic liquids and the ferric chloride based ones have excellent catalytic 
performance for the cyclotrimerization of isobutyraldehyde (Entries 1~7 in Table 1), 
however, the Lewis acidic ionic liquids of FeCl3 immobilized with 1-butyl-3-methylimi-
dazolium chloride, 1-ethyl-3-methylimidazolium chloride and alkylammonium hydro- 
chloride salts were more favorable to the cyclotrimerization of isobutyraldehyde than 
that of AlCl3.  BMIC /ZnCl2 or BMIC /CuCl, which afforded lower conversion and 
yield (Entry 8~ 9), in addition the Brønsted acidic ionic liquid [Hmim]BF4 gave a low 
reaction activity (Entry 10 in Table 1) possibly due to weak Brønsted acidity.  It is 
notable that ferric chloride based ionic liquids catalyst could obtain better yield and 
selectivity than those of the aluminum chloride based ionic liquids, probably due to the 
aluminum chloride based ionic liquids were sensitive to minimal water.  The ionic 
liquids would be destroyed by moisture.  In the aluminum chloride based ionic liquids 
and the ferric chloride based ionic liquids systems existed the following equations20,21.  
[AlCl4]- +AlCl3 [Al2Cl7]-, [FeCl4]- +FeCl3 [Fe2Cl7]-.  [Al2Cl7]- and [Fe2Cl7]- 
might be the catalytic active species for the cyclotrimerization of isobutyraldehyde.  
The similar equations existed in BMIC /ZnCl2

14
 and BMIC /CuCl22, respectively.  

[ZnCl3]- + ZnCl2 [Zn2Cl5]-, [CuCl2]- + CuCl [Cu2Cl3]-.  [Zn2Cl5]- and [Cu2Cl3]- 
possess weaker acidity than [Fe2Cl7]- and [Al2Cl7]-, so BMIC /ZnCl2 and BMIC /CuCl 
give lower yield and selectivity for this reaction.  
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Table 2 showed the efficiency of the recycled catalyst in the ionic liquid [Et3NH]Cl/ 
FeCl3 system.  The ionic liquid [Et3NH]Cl/FeCl3 was separated by decantation of sol-
vent phase and distillation in vacuum.  The recovered catalyst system kept activity well 
even after 5 times reuse.  

In summary, we have developed a new method for preparation 2, 4, 6-triisopropyl- 1, 
3, 5-trioxane with high conversion and yield, using acidic ionic liquids as an environ-
mentally benign catalyst. 

 
Table 1  The results of cyclotrimerization of isobutyraldehyde catalyzed by FeCl3

and different ionic liquidsa

 

Entry Catalyst Conversion % Yield % Selectivity d % 
1 [Et3NH]Cl/FeCl3 b 91.1 91.0 99.8 
2 [NEt2H2]Cl/FeCl3 b 89.3 88.3 98.9 
3 [BuNH3]Cl/FeCl3 b 90.9 88.9 97.8 
4 EMIC/ FeCl3 b 91.8 91.4 99.5 
5 BMIC/ FeCl3 b 92.0 90.8 98.7 
6 [Et3NH]Cl/AlCl3 b 91.9 82.8 90.0 
7 BMIC/AlCl3 b 87.6 82.5 94.2 
8 BMIC /ZnCl2 b 43.2 41.5 96.0 
9 BMIC /CuCl b 35.4 34.8 98.3 
10 [Hmim]BF4

 c <15.1 <15.1 — 
11 FeCl3 88.4 60.0 67.9 

a Reaction conditions: isobutyraldehyde(Merch, ≥99%) 25 g, ionic liquids 1g, 25 °C for 1 h. 
b The molar ratio between alkylammonium hydrochloride salts, 1-butyl-3-methylimidazolium 
chloride or 1-ethyl-3-methylimidazolium chloride and corresponding Lewis acids is 1:1.6. 
c The molar ratio between N-methylimidazolium and HBF4 is 1:1.  
d Selectivity to 2, 4, 6-triisopropyl-1, 3, 5-trioxane.  

 
Table 2  The efficiency of recycled catalyst of [Et3NH]Cl/FeCl3

a

 
Recycling times          Conversion %                  Selectivity b % 

1                      91.2                             99.7 
2                      91.1                             99.6 
3                      91.1                             99.7 
4                      90.6                             99.6 
5                      90.5                             99.6 

a Reaction conditions: isobutyraldehyde 12 g, ionic liquids 3.0 g, 25 °C for 1 h. The molar ratio 
between [Et3NH]Cl and FeCl3 is 1:1.6. 

b Selectivity to 2, 4, 6-triisopropyl-1, 3, 5-trioxane. 
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