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Guanidine-based task specific ionic liquids (ILs) were synthesized 

from the reaction of 1,1,3,3-tetramethyl guanidine with protic acids 

and used for the synthesis of higher alcohol esters of fatty acids as 10 

biolubes under solvent free condition. The synthesized 1,1,3,3-

tetramethylguanidinium hydrogen sulphate (TMG.HSO4) was 

found to be most effective among the different ILs including 

(1,1,3,3-tetramethylguanidinium acetate (TMG.Ac), 1,1,3,3-

tetramethylguanidinium hydrogen phosphate (TMG.H2PO4) and 15 

1,1,3,3-tetramethylguanidinium trifluoro acetate (TMG.TFA). The 

effect of various reaction parameters such as reaction temperature, 

reaction time, catalyst amount etc. has been studied. After 

completion the reaction the esterification product was isolated and 

the recovered IL was reused for several runs without loss in 20 

catalytic activity. 

1. Introduction 

There are several industrial application possibilities for fatty 

acid esters, as natural compounds.1 Plant oils mainly consist of 

oleic acid and other long-chain fatty acids (12–20 carbon 25 

atoms). Thus the esterification of plant oils involves the reaction 

of long-chain fatty acids with alcohols. Chain length of the 

alcohol substrate determinates the usage of the product. Long-

chain alcohol (5 to 12 carbon atoms) reactions give lubricants.2 

The demands against biolubricants are that they should provide 30 

maximal protection during the usage, do not pollute the 

environment and do not accumulate. Usage of biolubricants can 

reduce the chemical risk, because of the possibility of 

biodegradability.3 Important physical effect of ester group is to 

reduce the volatility and increase the flash point,4  as well as 35 

providing a good lubricating ability, because the polar ester 

group facilitates the bonding to the metal surface. Good 

viscosity-temperature characteristic is their typical property and 

due to the high molecular weight, low evaporation loss, as well. 

General expectations over against lubricants that tolerate the 40 

mechanical effects and stress, biolubricants can resist these 

criteria. The disadvantages of biolubricants are low oxidative 

stability and poor cold flow properties.5 Conventionally these 

reactions are catalyzed by homogeneous acid catalysts such as 

sulphuric acid, which are corrosive, non-recyclable and produce 45 

undesirable wastes. The disposal of these 
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undesired materials not only makes the overall process 

expensive but also leads to an environmental pollution.6 Thus, 

the use of solid catalysts has become an area of current research 

interest.7-8 The use of solid catalysts offer several advantages 

such as facile recovery of the catalyst, cheaper production costs 55 

due to the reusable nature of the catalyst and also reduce the 
corrosion and environmental problems.7 In this regard, several 

solid acid catalysts such as metal oxides,9-10 sulfonic acid 

functionalized mesoporous materials,11-12 polymers,13 zeolites,14 

clays15 and carbon based catalysts16 have been reported for the 60 

esterification of fatty acids. Recently sulfonic acid 

functionalized ionic liquids;17 sulphated zirconia18 and 

sulfonated graphene oxides19 have been reported for the 

esterification of fatty acids. In the recent decades, ionic liquids 

owing to their attractive properties such as negligible vapor 65 

pressure, high thermal stability, and excellent solubility with 

number of reactants, and tunable acidity and basicity have been 

receiving a lot of attention as green catalyst and medium for a 

variety of reactions.20-23. Brønsted acidic ionic liquids 

particularly, imidazole and pyridine derivatives have widely 70 

been used for esterification of fatty acids.20 However, these 

ionic liquids are generally synthesized in two or more steps 

using expensive materials. 

Protic ionic liquids, especially those based on the 1,1,3,3-

tetramethylguanidine (TMG) are readily synthesized in one step via 75 

simple neutralization of equimolar TMG with acids have recently 

been established as promising catalysts for various organic 

transformations including Henry reaction,24 one-pot synthesis of 

pyran, 25 synthesis of 3,4-dihydropyridin-2-(1H)-ones26 and direct 

Aldol reaction.27 Recently, we have reported 1,1,3,3-80 

tetramethylguanidinium hydrogen sulphate (TMG.HSO4) IL as an 

efficient acid catalyst for the hydrolysis of cellulose in CO2 

enriched water as reaction media.21 However to the best of our 

knowledge guanidine derived ionic liquids have never been used 

for the esterification reactions.  85 

In the present paper we report novel tetramethyl-guanidine-based 

task specific ionic liquids and effect of different anions on their 

catalytic activity for esterification of fatty acids with higher 

alcohols (Scheme 1). 

 90 
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Scheme 1: Esterification of fatty acids 
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2. Experimental  

2.1. Materials 

The reactant oleic acid and all fatty alcohols were procured from 

Merck, India and Acid oil has been procured local vendor 

Parshvanath associates, Dehradun, India. Tetramethylguanidine, 5 

Ethanol and sulphuric acid were purchased from merck, India and 

basic alumina from SD fine chemicals. 

 

2.2. Synthesis and characterization of the ILs21 

Four tetramethylguanidine based ILs i.e. 1,1,3,3-10 

tetramethylguanidinium hydrogen sulfate (TMG.HSO4) 1, (1,1,3,3-

tetramethylguanidinium acetate (TMG.Ac) 2, 1,1,3,3-

tetramethylguanidinium-hydrogen phosphate (TMG.H2PO4) 3 and 

1,1,3,3-tetramethylguanidinium trifluoroacetate (TMG. TFA) 4 

were synthesized by following the literature procedure (Scheme 15 

2).21 In a typical experiment, TMG (20 mmol) was added in 100 

mL of ethanol followed by the drop wise addition of H2SO4 (20 

mmol in 30 mL of ethanol) at 0 °C under stirring. The stirring was 

continued for another 2h. A white semi-solid material was isolated 

by decantation and washed thoroughly with ethanol, dried under 20 

vacuum for 6 h and then characterized by elemental analysis and 1H 

and 13C NMR spectroscopy as mentioned in our previous report.21 
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Scheme 2:  Synthesis of TMG based ILs 25 

 

2.3. Esterification of Oleic Acid 

The esterification experiments were carried out in a 25 ml round 

bottomed flask equipped with a magnetic stirrer and reflux 

condenser. In a typical experiment, oleic acid (1 mmol), octanol (1 30 

mmol) and IL (5 wt % of total weight) was taken and the resulting 

mixture was stirred and heated at 150 °C under neat conditions. At 

higher temperature, the mixture became homogeneous and thus the 

reaction occurred in a single phase. The progress of the reaction 

was monitored by TLC (SiO2). After completion of the reaction, the 35 

reaction mixture was allowed to cool at room temperature. On 

cooling IL layer was separated and the resulting product was 

isolated by decantation. Subsequently, the IL layer was washed 

with petroleum ether to remove the organic ester. The combined 

organic layer was dried over anhydrous MgSO4 and concentrated 40 

under reduced pressure to give the product. The recovered ionic 

liquid was dried at 60 °C in vacuum and reused for recycling 

experiments. Conversion of fatty acid to the corresponding ester 

was calculated by means of the acid value (AV). The acid value of 

the reaction mixture was determined by the acid base titration 45 

technique. The conversion of FFA (reduction in acid value) was 

calculated using the following equation: 

XFFA = ai - at/ ai 

Where ai is the initial acidity and at is the acidity at time t (6 h).28 

Further the crude product was purified by column chromatography 50 

using basic alumina and ethyl acetate as eluent. The solvent was 

removed under reduced pressure and the product was analyzed by 
1H and 13C NMR.  

2.4. Esterification of Fatty Acid mixtures of Acid oil 

To explore the activity of the IL catalyst, acid oil, a high FFA (149 55 

mg KOH/gm) raw material obtained as a residue after refining of 

vegetable oil(s) has been taken. The acid oil was esterified with 

different fatty alcohols i.e. octanol, 2-ethyl hexanol, hexanol, 

decanol, oleyl alcohol, 2-methyl propane-1-ol, 2, 6-dimethylheptan-

4-ol under optimized conditions i.e. (IL: 5 wt%, reaction time: 6 h 60 

and reaction temperature 150 °C). Conversion of fatty acid to the 

corresponding esters was calculated by acid base titration 

technique.  Further, the corresponding ester products were purified 

by column chromatography using basic alumina and analyzed by 
1H and 13C NMR. 65 

 

3. Results and discussion 

The initial studies were carried out by choosing the esterification of 

oleic acid with 1-octanol in 1:1 molar ratio as a representative 

reaction. The synthesized 1,1,3,3-tetramethylguanidinium hydrogen 70 

sulfate (TMG. HSO4) was found to have the highest activity among 

the different ILs including (1,1,3,3-tetramethylguanidinium acetate 

(TMG.Ac), 1,1,3,3-tetramethylguanidinium-hydrogen phosphate 

(TMG. H2PO4) and 1,1,3,3-tetramethylguanidinium trifluoroacetate 

(TMG. TFA) as shown in Fig. 1. Thus we have considered IL 1 for 75 

further studies.  

 

 
Figure 1. Catalytic activity of different ILs for esterification 

 80 

To evaluate the effect of the reaction temperature, esterification of 

oleic acid with octanol was performed by varying the temperature 

from 75 to 175 °C (Fig 2). As shown, the reaction was found to be 
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increased with temperature and at 150 °C the maximum conversion 

to corresponding ester (96.83%) was achieved. Further increase in 

reaction temperature did not show any significant change in the 

reaction rate and the conversion remained almost same. Thus we 

have chosen 150 °C as the optimum reaction temperature for further 5 

study.  
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Figure 2. Effect of temperature on reaction conversion for the esterification 

of oleic acid with 1-octanol; TMG.HSO4 catalyst 5 wt %, time 6h 

 10 

The effect of reaction time on the esterification reaction was studied 

by collecting the samples at regular interval of time and analyzing 

the ester peaks at 4.0 ppm by 1H NMR spectroscopy. From Fig. 3 it 

is clear that initially the reaction is very fast with 42.11 % 

conversion in 1 hr and as the reaction proceeds, maximum 15 

conversion 96.83 % is observed in 6 h afterwards no significant 

change is seen.  
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b)

  
Figure 3. Effect of time on reaction conversion for the esterification of oleic 

acid with 1-octanol using 5 wt% TMG.HSO4 catalyst and 150 °C 20 

temperature 

 

In order to extent the scope of the reaction, we further studied the 

esterification of acid oil. Fatty acid composition of acid oil has been 

determined as C18:1 as major component and other component as 25 

C18:2, C18:0, C16:0 by gas chromatography (Table 1). The acid oil was 

esterified with different normal (hexanol, octanol, decanol, oleyl 

alcohol) and branched alcohols (i.e. isobutyl alcohol, 2-ethyl 

hexanol, 2, 6-dimethyl heptanol) further purified and analysed by 

IR, 1H and 13C NMR (Fig. 4). Yields: 85.5-96.5 % (Table 1); IR 30 

(neat, cm-1): 2933 (C-H), 1739 (C=O), 1173 (C-C(=O)-O); 1H 

NMR (CDCl3, δppm):  0.90 [t, (-CH3)], 1.2-1.3 [ m,  (-CH2)], 1.6 

[m, (-CO-CH2-CH2)], 2.0 [m, -CH2-CH=CH-CH2), 2.29 [t, (-CO-

CH2)], 4.0 [t, (-O-CH2)], 5.3 [b, (-CH=CH-)]; 13C NMR (CDCl3, 

δppm): 14.1 [2x(CH3)], 22.7 [2x(CH2-CH3)], 32 [(C-C=C-C)], 34.3 35 

[(C-CO)], 64 (-O-CH2-), 130 [2 (C=C)], 173[(-COO)]. 
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Figure 4. 1H NMR and 13C NMR assignment of fatty esters [(E)-octyl 40 

octadec-9-enoate; (E)-2-ethylhexyl octadec-9-enoate; (E)-hexyl octadec-9-

enoate; (E)-decyl octadec-9-enoate; (9E)-(E)-octadec-9-enyl octadec-9-

enoate; (E)-isobutyl octadec-9-enoate; (E)-2,6-dimethylheptan-4-yl octadec-

9-enoate 

One desirable property of the IL catalyst is its reusability. Thus the 45 

recycling performance of the TMG.HSO4 IL was investigated for 

esterification of oleic acid with 1-octanol by performing several 

runs under the optimum reaction conditions. After completion of 

the reaction, the product was isolated from the ionic liquid by 

decantation. The recovered ionic liquid catalyst was then washed 50 

with petroleum ether to remove the organic ester. The results of 

recycling experiments as summarized in Figure 5 clearly show that 

the IL catalyst exhibited high stability and the conversion remained 

unchanged even after seventh recycling instances. 

  55 

 
Figure 5. Recycling results of heterogeneous TMG.HSO4 catalyst for 

reaction 

 

 60 

 

Table 1.  Esterification of different fatty acids and alcoholsa  
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Entry Fatty acids Fatty alcohol Conv. 

(%)b 

Yield

(%)c 

1. 

(CH2)7 (CH2)7 OH

O

 

OH  
95.78 95.2 

2. 

(CH2)7 (CH2)7 OH

O

 
OH  

96.83 96.1 

3. 

(CH2)7 (CH2)7 OH

O

 
OH  

95.67 95.4 

4. 

(CH2)7 (CH2)7 OH

O

 
(CH2)7 (CH2)7 OH  

96.89 96.5 

5. 

(CH2)7 (CH2)7 OH

O

 
OH  

90.10 89.8 

6. Acid oil (Major component-C18:1; 

other component- C18:1, C18:0, 

C16:0) 

OH  
96.86 96.2 

7. Acid oil (Major component-C18:1; 

other component- C18:1, C18:0, 

C16:0) 

OH  
96.77 96.2 

8. Acid oil (Major component-C18:1; 

other component- C18:2, C18:0, 

C16:0) 

 

(CH2)7 (CH2)7 OH  

97.10 96.8 

9. Acid oil (Major component-C18:1; 

other component- C16:0, C18:0, 

C18:2) 

OH  
86.23 85.5 

10. Acid oil (Major component-C18:1; 

other component- C16:0, C18:0, 

C18:2) 

OH
 

88.34 88 

11. Acid oil (Major component-C18:1; 

other component- C16:0, C18:0, 

C18:2) 

OH

 
90.99 90 

aReaction conditions: [TMG.HSO4] IL (5 wt%), reaction time 6h, 

temperature 150
 oC; bconversion of fatty acid to ester was calculated by 

means of the acid value (AV). The acid value of the reaction mixture was 

determined by the acid base titration technique. The conversion of FFA 5 

(reduction in acid value) was calculated using the following equation:  XFFA 

= ai - at/ ai; where ai is the initial acidity and at is the acidity at time t (6 h); 
cIsolated yield 

 

4. Conclusions 10 

We have demonstrated for the first time the application of 

tetramethylguanidine (TMG) derived ionic liquids as efficient and 

reusable acid catalyst for the esterification of fatty acids with higher 

alcohols to give higher alcohol esters of fatty acids for biolubricant 

applications. These ionic liquids can readily be synthesized by 15 

neutralizing equimolar amount of TMG with corresponding acids. 

The synthesized 1,1,3,3-tetramethylguanidinium hydrogen sulfate 

(TMG. HSO4) was found to have the highest activity among the 

different ILs including (1,1,3,3-tetramethylguanidinium acetate 

(TMG.Ac), 1,1,3,3-tetramethylguanidinium-hydrogen phosphate 20 

(TMG. H2PO4) and 1,1,3,3-tetramethylguanidinium trifluoroacetate 

(TMG. TFA). After the reaction, product was easily separated by 

decantation and the recovered IL could be recycled for several runs 

without any significant decrease in the catalytic activity. 

 25 
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