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지방산 디에스테르 합성의 편리한 방법을 연구하였다. 긴 사슬 디에스테르는 천연윤활제와 절연유로서 많이 사용된다. 

옥틸, 도데실, 헥사데실, 옥타데실 그리고 옥타-9-엔일 글리시딜 에테르 계열을 이러한 디에스터 구조를 합성하기 위해 

사용하였다. 알킬 글리시딜에테르를 올레인산 그리고 옥타노익산과 같은 지방산과 반응시켰으며, one-step / two-step 

축합반응을 비교하였다. 생성물인 1-O-acyl-2-O, 3-O-dioctadec-9-enoylglycerol은 
1
H-NMR, FT-IR 그리고 HR/MS 스펙트

럼을 통해 확인하였으며, 수율은 55∼60%이었다.  

A convenient procedure for the synthesis of fatty acid diesters was studied. Long chain diesters have been used as biolubricant 

and transformer oils. The series of octyl, dodecyl, hexadecyl, octadecyl, and octadec-9-enyl glycidyl ether were used to synthe-

size those diesters. Alkyl glycidyl ethers were reacted with fatty acid such as oleic acid and octanoic acid, and octanoic acid. 

The one-step / two-step reactions were compared during the condensation reaction. The products were confirmed by 
1
H-NMR, 

FT-IR, and HR/MS spectra. The yield of the product 1-O-acyl-2-O, 3-O-dioctadec-9-enoylglycerol was 55∼60%. 

Keywords: transformer oil, fatty acid, alkyl glycidyl ether, diester, condensation reaction

1. Introduction 
1)

As fossil oil has been depleted, various environment renewable oils 

have been synthesized. These oils have been developed as using re-

newable, biodegradable and environmentally friendly industrial fluids 

such as biolubricant oil and transformer oil. Important properties of 

these oils are bio-degradablity, non-toxicicity, low volatility, high shear 

stability, high flash point, viscosity index, high-temperature and high 

oxidative stability[1,2]. Biolubricant oil and transformer oil have sev-

eral ester bonds. Those esters are studied to fit the conditions such as 

bio-degradablity and high temperature stability. 

Several methods have been developed to synthesize those esters by 

using epoxidized fatty acids and fatty alcohols. The first one is the ring 

opening reaction of epoxidized fatty acids by using p-toluenesulfonic 

acid (PTSA) as a catalyst to produce mono-ester compounds. These 

can be transformed diester compounds by adding an alkyl alcohol with 

10 mol% H2SO4 or fatty acids with PTSA for a further reaction[2-4]. 

† 교신저자 (e-mail: bmlee@krict.re.kr)

The second one is the ring opening reaction of epoxidized fatty acids 

to produce hydroxyl groups, i.e. the opening of an oxirane ring and by 

subsequent adding alcohols with acid or fatty acids with 85% H3PO4 

to produce esters[5]. The last one is the esterification reaction of plant 

oil using trimethylolpropane (TMP) containing methyl alkylate groups 

that is synthesized with polyesters and methanol[6-10].

In this study, we used fatty alkyl glycidyl ethers to modify the natu-

ral vegetable oil by the substitution of hydrocarbon type transformer 

oil. To obtain a new transformer oil, alkyl glycidyl ethers were reacted 

with oleic acid. These reactions are processed without catalysts such 

as PTSA or sulfuric acid.

2. Experimental

2.1. Materials

Oleic acid (85%) and octanoic acid (98%) were obtained from Tokyo 

Chemical Co. Magnesium sulfate was obtained from Junsei Chemical 

Co. Toluene (99.5%), hexane (95%) and acetone (99.5%) were ob-

tained from Samchun Chemical Co. All reagents were used without 



417알킬 글리시딜에테르와 지방산의 축합반응 연구

Appl. Chem. Eng., Vol. 23, No. 4, 2012

Figure 1. Schematic reaction of ring opening and esterification of 

oleic, octanoic acids (R1 = octyl, dodecyl, hexadecyl, octadecyl, and 

octadec-9-enyl ; R2 = C17H35, C7H17).

Figure 2. Conversion of 1-O-oleyl-3-O-octadec-9-enoyl glycerol with 

time (oleyl glycidyl ether : oleic acid = 1 : 1 (molar ratio)).

any further purification.

2.2. Analysis Methods

The 
1
H-NMR spectra using a solvent chloroform-d with 0.03% tetra-

methylsilane (Sigma-Aldrich) were recorded on a Bruker DPX 300 

(300 MHz) spectrometer and expressed as δ units. The FT-IR spectra 

were recorded on a Digilab’s FT-IR FTS-165 FT-IR spectrophotometer. 

The high-resolution mass spectra (HR/MS) were recorded on a 

Micromass Autospec mass spectrometer (Manchester, United Kingdom). 

The HR/MS spectra were obtained by an electron impact (EI) method 

(40 eV).

2.3. Synthesis Methods

2.3.1. 1-O-oleyl-3-O-octadec-9-enoyl Glycerol

Oleyl glycidyl ether[11-13] (0.0213 mol) and oleic acid (0.0213 mol) 

were put into a 100 mL two-neck round flask equipped with a con-

denser and a thermometer. The reaction mixture was subsequently 

heated to 150 ℃ and refluxed for 4 h. After the reaction was com-

pleted, the product was purified by using a column packed with silica 

gel. The eluent was hexane : acetone = 10 : 1 (v/v). The solvent was 

driedby using a vacuum evaporator. The yield of the product was 78∼

80%.

2.3.2. 1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl Glycerol

Method 1 : 1-O-oleyl-3-O-octadec-9-enoyl glycerol (0.0213 mol), 

oleic acid (0.0213 mol) and toluene (5 mL) were putinto a 100 mL 

three-neck round flask equipped with a condenser, a thermometer and 

a Dean-Stark trap. The reaction mixture was subsequently heated to 

150
 
℃ and refluxed for 16 h approximately. After the reaction was 

completed, the heating was stopped and the solvent was dried by using 

a vacuum evaporator. The product was purified by using a column 

packed with silica gel. The eluent was hexane : acetone = 20 : 1 (v/v). 

The solvent was dried by using a vacuum evaporator. The yield of the 

product was 55∼60%.

Method 2 : Oleyl glycidyl ether[11-13] (0.0213 mol), oleic acid 

(0.0426 mol) and toluene (5 mL) were put into a 500 mL three-neck 

round flask equipped with a condenser, a thermometer and a 

Dean-Stark trap. The reaction mixture was subsequently heated to 150
 

℃ and refluxed for 24 h approximately. After the reaction was com-

pleted, the heating was stopped and the solvent was dried by using a 

vacuum evaporator. The product was purified by using a column 

packed with silica gel. The eluent was hexane : acetone = 20 : 1 (v/v). 

The solvent was dried by using a vacuum evaporator.

2.3.3. 1-O-octyl-2-O, 3-O-diocthyl Glycerol

Octyl glycidyl ether[11-13] (0.0213 mol), octanoic acid (0.0426 mol) 

and toluene (5 mL) were put into a 100 mL three-neck round flask 

equipped with a condenser, a thermometer and a Dean-Stark trap. The 

reaction mixture was subsequently heated to 150 ℃ and refluxed for 

20 h. After the reaction was completed, the heating was stopped and 

the solvent was dried by using a vacuum evaporator. The product was 

purified by using a column packed with silica gel. The eluent was hex-

ane : acetone = 20 : 1 (v/v). The solvent was dried by using a vacuum 

evaporator.

3. Results and Discussion

The reaction was proceeded according to the one-step / two-step re-

action pathways (Figure 1). The reaction between Oleyl glcidyl ether 

(1eq.) and oleic acid (1eq.) was proceeded very quickly without a 

catalyst. This reaction does not affect the overall reaction time. At the 

two-step reaction, the first reaction time was 4 h (Figure 2) and the 

next reaction time was 16∼18 h (Figure 3). At the one-step reaction, 

the reaction time was 23∼24 h (Figure 4). There is little difference 

between one-step and two-step reactions in the reaction time and 

yields. Overall reaction time was spent during the condensation reaction.

The compound 1-O-acyl-3-O-octadec-9-enoyl glycerol was synthe-

sized by the opening of an alkyl glycidyl ether. Nucleophiles attack the 

electrophilic C of the alkyl glycidyl ether, causing the C-O bond to 

break, and resulting in ring opening. A larger range of nucleophiles 
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Table 1. 
1
H-NMR and HR/MS Spectral Data of 1-O-acyl-3-O-octadec-9-enoyl Glycerol

Samples
1
H-NMR HR/MS

1-O-octyl-3-O-octadec-9-enoyl glycerol

δ0.8 (t, 6H, CH3), δ1.3 (m, 28H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 4H, CH2-C=C-CH2), δ2.3 (m, 2H, C-O(C=O)CH2), 

δ3.4 (m, 4H, CH2-O-CH2), δ4.2 (m, 3H, C(C-O)H-CH2-C-O), 

δ5.3 (m, 2H, C-CH=CH-C)

468.4179

(calcd. : 468.4182)

1-O-dodecyl-3-O-octadec-9-enoyl glycerol

δ0.8 (t, 6H, CH3), δ1.3 (m, 36H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 4H, CH2-C=C-CH2), δ2.3 (m, 2H, C-O(C=O)CH2), 

δ3.4 (m, 4H, CH2-O-CH2), δ4.2 (m, 3H, C(C-O)H-CH2-C-O), 

δ5.3 (m, 2H, C-CH=CH-C)

524.4805

(calcd. : 524.4803)

1-O-hexadecyl-3-O-ioctadec-9-enoyl glycerol

δ0.8 (t, 6H, CH3), δ1.3 (m, 44H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 4H, CH2-C=C-CH2), δ2.3 (m, 2H, C-O(C=O)CH2), 

δ3.4 (m, 4H, CH2-O-CH2), δ4.2 (m, 3H, C(C-O)H-CH2-C-O), 

δ5.3 (m, 2H, C-CH=CH-C)

580.5431

(calcd. : 580.5433)

1-O-oleyl-3-O-octadec-9-enoyl glycerol

δ0.8 (t, 6H, CH3), δ1.3 (m, 40H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 8H, CH2-C=C-CH2), δ2.3 (m, 2H, C-O(C=O)CH2), 

δ3.4 (m, 4H, CH2-O-CH2), δ4.2 (m, 3H, C(C-O)H-CH2-C-O), 

δ5.3 (m, 4H, C-CH=CH-C)

606.5587

(calcd. : 606.5587)

Figure 3. Conversion of 1-O-oleyl-2-O, 3-O-dioctadec-9-enoylglycerol 

with time (1-O-oleyl-3-O-octadec-9-enoylglycerol : oleic acid = 1 : 1 

(molar ratio)).

Figure 4. Conversion of 1-O-oleyl-2-O, 3-O-dioctadec-9-enoylglycerol 

with time (oleyl glycidyl ether : oleic acid = 1 : 2 (molar ratio)).

Figure 5. FT-IR spectrum of 1-O-octadec-9-enyl-3-O-octadec-9-enoyl 

glycerol.

can react with oxirane ring. The 
1
H-NMR and HR/MS spectral data of 

the products are listed in Table 1. The product 1-O-oleyl-3-O-octa-

dec-9-enoyl glycerol was confirmed by FT-IR (Figure 5), 
1
H-NMR and 

HR/MS spectra. The IR spectrum of 1-O-oleyl-2-O, 3-O-octadec-9-enoyl 

glycerol represents a long-chain band (722 cm
-1

), C-O (1122 cm
-1

), 

C=O (1744 cm
-1

), C-H (2855∼3000 cm
-1

), C=C (3004 cm
-1

), O-H 

(3460 cm
-1

) stretching bands. The 
1
H-NMR and HR/MS spectral results 

are listed in Table 1.

The compounds, 1-O-acyl-2-O and 3-O-dioctadec-9-enoyl glycerol 

were reacted alkyl glycidyl ether (1eq.) with fatty acid (2eq.). The 
1
H-NMR and HR/MS spectral results of the products are tabulated in 

Table 2. The product 1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl glycerol 

was confirmed by FT-IR (Figure 6), 
1
H-NMR and HR/MS spectra. The 

IR spectrum of 1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl glycerol repre-

sents a long-chain band (722 cm
-1

), C-O (1122 cm
-1

), C=O (1744 

cm
-1

), C-H (2855∼3000 cm
-1
), and C=C (3004 cm

-1
) stretching bands. 

The 
1
H-NMR and HR/MS spectral results are in Table 2.

In this study, we synthesized the products without using the catalyst 

at temperatures, 130, 150,
 
and 170 ℃, respectively. The yields of the 

products over the time were confirmed at each of temperature. When 

the temperature was increased from 130 to 150
 
℃, the yield was tend-

ing to increase over the time. On the other hand, the yields were de-

creased over the time above at 170
 
℃. The starting material, alkyl gly-

cidyl ether was decomposed at over the temperature 170
 
℃, and the 
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Table 2. 
1
H-NMR and HR/MS Spectral Data of 1-O-acyl-2-O, 3-O-dioctadec-9-enoyl Glycerol and 1-O-octyl-2-O, 3-O-dioctyl Glycerol

Products
1
H-NMR HR/MS

1-O-octyl-2-O, 3-O-dioctadec-9-enoyl glycerol

δ0.8 (t, 9H, CH3), δ1.3 (m, 50H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 8H, CH2-C=C-CH2), δ2.3 (m, 4H, C-O(C=O)CH2), 

δ3.4 (m, 2H, C-O-CH2), δ3.5 (m, 2H, O-CH2-C-O), δ4.2, 

δ4.3 (m, 2H, C-O-CH2-O), δ5.2 (m, 1H, C-O-(C-O)H-C-O), 

δ5.4 (m, 4H, C-CH=CH-C)

732.6626

(calcd. : 732.6632)

1-O-dodecyl-2-O, 3-O-dioctadec-9-enoyl glycerol

δ0.8 (t, 9H, CH3), δ1.3 (m, 58H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 8H, CH2-C=C-CH2), δ2.3 (m, 4H, C-O(C=O)CH2), 

δ3.4 (m, 2H, C-O-CH2), δ3.5 (m, 2H, O-CH2-C-O), δ4.2, 

δ4.3 (m, 2H, C-O-CH2-O), δ5.2 (m, 1H, C-O-(C-O)H-C-O), 

δ5.4 (m, 4H, C-CH=CH-C)

788.7256

(calcd. : 788.7258)

1-O-hexadecyl-2-O, 3-O-dioctadec-9-enoyl glycerol

δ0.8 (t, 9H, CH3), δ1.3 (m, 66H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 8H, CH2-C=C-CH2), δ2.3 (m, 4H, C-O(C=O)CH2), 

δ3.4 (m, 2H, C-O-CH2), δ3.5 (m, 2H, O-CH2-C-O), δ4.2, 

δ4.3 (m, 2H, C-O-CH2-O), δ5.2 (m, 1H, C-O-(C-O)H-C-O), 

δ5.4(m, 4H, C-CH=CH-C).

844.7889

(calcd. : 844.7884)

1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl glycerol

δ0.8 (t, 9H, CH3), δ1.3 (m, 62H, CH2), δ1.6 (m, 6H, CH2), 

δ2.0 (m, 12H, CH2-C=C-CH2), δ2.3 (m, 4H, C-O(C=O)CH2), 

δ3.4 (m, 2H, C-O-CH2), δ3.5 (m, 2H, O-CH2-C-O), δ4.2, 

δ4.3 (m, 2H, C-O-CH2-O), δ5.2 (m, 1H, C-O-(C-O)H-C-O), 

δ5.4 (m, 6H, C-CH=CH-C)

870.8049

(calcd. : 870.8040)

1-O-octyl-2-O, 3-O-dioctyl glycerol

δ0.8 (t, 9H, CH3), δ1.3 (m, 28H, CH2), δ1.6 (m, 6H, CH2), 

δ2.3 (m, 4H, C-O(C=O)CH2), δ3.4 (m, 2H, C-O-CH2), 

δ3.5 (m, 2H, O-CH2-C-O), δ4.2, δ4.3 (m, 2H, C-O-CH2-O), 

δ5.2 (m, 1H, C-O-(C-O)H-C-O)

456.3809

(calcd : 456.3815) 

Table 3. Reaction Temperature, Reaction Time and Percentage Yield of the Products

Products Reaction temperature (℃) Reaction time (h) Yield (%) 

1-O-dodecyl-2-O, 3-O-dioctadec-9-enoyl glycerol

130 52 56.4

150 24 57.9

170 24 26.1

1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl glycerol
150 24 56.7

170 24 24.3

Figure 6. FT-IR spectrum of 1-O-octadec-9-enyl-2-O, 3-O-dioctadec- 

9-enoyl glycerol.

Table 4. The Yield of 1-O-alkyl-2-O, 3-O-dialkyl Glycerol at 150 ℃

Products Yield (%)

1-O-octyl-2-O, 3-O-dioctadec-9-enoyl glycerol 58.63

1-O-dodecyl-2-O, 3-O-dioctadec-9-enoyl glycerol 57.92

1-O-hexadecyl-2-O, 3-O-dioctadec-9-enoyl glycerol 58.29

1-O-oleyl-2-O, 3-O-dioctadec-9-enoyl glycerol 56.67

1-O-octyl-2-O, 3-O-dioctyl glycerol 74.85

starting oleic acid was remained. The product yields over the reaction 

time tend to increase at 130 and 150
 
℃, respectively. However, the 

yields tend to decrease over the time at above 170
 
℃ because the start-

ing material decomposes at high temperature (Table 3).

The final product yield of 1-O-acyl-2-O, 3-O-dioctadec-9-enoyl glyc-

erol was 55∼60%, and the reaction time of 1-O-acyl-2-O, 3-O-dio-

ctadec-9-enoyl glycerol was 24 h. The yield of 1-O-octyl-2-O, 3-O-di-

octyl glycerol was 75% and reaction time of 1-O-octyl-2-O, 3-O-dioc-

tyl glycerol was 20 h (Table 4).

4. Conclusion

One site of natural vegetable oil structure was modified with hydro-

carbon type to synthesize the transformer oil. Oleic acid and octanoic 

acid attacked the electrophilic C of alkyl glycidyl ether C-O bond 
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causing it to break, and resulting in ring opening. In the results, fatty 

acid diesters structure were produced. As comparing the one-step / 

two-step reaction, reaction times and yields of one-step / two-step were 

little difference. At two-step reaction, total reaction times were 20∼22 h 

and one-step reaction times were 23∼24 h. Overall reaction time was 

lasted during condensation reaction. Reactions are convenience as proc-

essing one-step. But, the yields of products were very low over time. 

The products were confirmed by 
1
H-NMR, HR/MS and FT-IR spectra. 

The optimal temperature was 150 ℃. At over 170
 
℃, starting material 

was break, so the yields of products were low over time relatively.
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