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Abstract 

The results of systematic studies conducted in the field on the synthesis 

and study of the physical and chemical properties of a large number of 

ethers based on tetracyclic unsaturated hydrocarbons and glycerol have 

been presented in this paper. The developed method for the preparation of 

these esters are based on the use of cheap and affordable by-products of 

petrochemical synthesis as starting components: dicyclopentadiene and 

glycerol. It was revealed that during the reaction of the addition of glycerol 

to tetracyclo[4.4.1
2,5

.1
7,10

.0
1,6

]dodec-3-ene and its alkyl substituted 

derivative in the presence of a homogeneous catalyst, boron trifluoride 

etherate, the highest yield of the corresponding esters is achieved. The 

reactions of addition of glycerol to tetracyclo[4.4.1
2,5

.1
7,10

.0
1,6

]dodec-3-ene 

and its alkyl substituted derivatives were carried out in the presence of a 

homogeneous catalyst, boron trifluoride etherate, and it was found that 

when used catalyst, the highest yield of the corresponding esters is 

achieved. The influence of various factors was studied: the temperature of 

the reaction medium, the reaction time, the molar ratio of the starting 

components, and also the amount of catalyst on the yield of esters. As a 

result of the studies, the optimal reaction conditions for the synthesis of 

tetracyclic glycerides in the presence of a boron trifluoride etherate 

catalyst, BF3•O(C2H5)2, with yields of 68.4-83.7%, the structure confirmed 

by the IR, NMR spectral analysis methods, physicochemical properties 

and purity of these compounds are determined 

Keywords:    glycerol, ether, boron trifluoride etherate, tetracyclododecene,  

polycyclic ether 

Introduction 

There is to increase the role of glycerol and its derivatives in organic synthesis as well as to 

expand the areas of their practical application, presently. This explains the undiverted attention 

of a number of well-known scientific schools to the problems of glycerine in the field of 

chemistry and chemical technology. Synthesis on the base of glycerol is very important, because 

it can be converted to many chemical соmpounds in different directions of the reaction. Various 

methods for the synthesis of numerous derivatives of glycerol (Gl) have been developed and 

their various properties have been studied, at the present time [1-3]. However, it cannot be said 

that the chemistry of Gl has been thoroughly studied to date and all synthetic directions in it are 

scientifically substantiated. Conversely, the possibility of synthesizing various derivatives of GL 



Kh.M. MAMEDOVA 

 

www.ppor.az 46 

the provides wide possibilities for using products based on it, and these derivatives are an object 

for study and require the development of optimal variants of their synthesis, the conditions for 

introducing certain functional groups, and solving various theoretical questions in the chemistry 

of GL. Consequently, the search for new ways of processing Gl is continuing [4-6].  

Since Gl is of interest as a raw material for the synthesis of a large number of high-value 

compounds [7-10]. Ethers and esters of Gl are one of the most fundamental chemical 

components synthesized by the reaction of esterification in the presence of basic or acidic 

catalysts. However, the intended chemical reactions after a multi-step synthesis, may cause 

undesirable results. In this aspect, the reaction of addition to unsaturated compounds is more 

advantageous than the esterification of alcohols with acids, since the catalysts for the process of 

addition are more effective than the esterification catalysts. Wherein, there is no need to drain 

water, and with a high excess of polycycloalkene, the synthesized ether is obtained with a high 

degree of purity.  

An analysis of the literature in this area shows that studies on the synthesis, the study of 

physicochemical properties and the search for areas of practical use of polycyclic glycerol ethers 

practically unexplored. In this aspect, the addition of glycerol to a multiple bond is represents 

scientific interest, which allows one to obtain a variety of practically valuable functional 

derivatives of unsaturated compounds. The most convenient model, as unsaturated hydrocarbons, 

for these purposes is norbornene and its derivatives. 

Among studies on the chemistry of Gl, there are fewer works on the production of 

polycyclic esters based on it. Earlier, we conducted studies on the synthesis of 

alkylbicycloheptyl- and tricyclo [5.2.1.0
2.6

] dec-3-en-8(9)-ylglycerides and it was shown that the 

synthesized glycerides are viscous liquids that can be used in perfumes for the preparation of 

emollients and antiseptic agents [11]. 

In view of the foregoing, in this article, with the aim of synthesizing new derivatives of 

GL, in particular, GL ethers, we carried out the reaction of addition of GL to 

tetracyclo[4.4.1
2,5

.1
7,10

.0
1,6

]dodec-3-ene (TCDD) and its alkyl substituted derivative in the 

presence of boron trifluoride etherate catalyst, BF3•O(C2H5)2. 

Experimental Part  

In the presence of the specified catalyst, the reaction of the addition of Gl to tetracyclic 

hydrocarbons proceeds with the formation of the corresponding tetracyclicdodecenyl monoesters 

of glycerol according to the scheme: 

 
The synthesis of esters 8-13 was carried out in a round-bottomed, three-necked flask 

equipped with a stirrer, thermometer and reflux condenser. The experiments was carried out 
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without solvent. The reaction was carried out at 100 °C for 5 h. After completion of the reaction, 

the catalyst was removed by washing the reaction mass with distilled water, dried over MgSO4, 

and the target product, ether, was isolated by vacuum distillation.  

IR spectra of the synthesized esters were recorded on an IQ “Alpha Fourier Bruker” 

spectrophotometer, 
1
H and 

13
C NMR spectra were recorded on an instrument “Bruker” AV-300 at 

a frequency of 300 MHz. Acetone-d6 was used as a solvent (Fig. 2). 

The degree of purity of the synthesized tetracyclic ethers of glycerol was determined using 

GLC and amounted to 98-99% wt. 

Synthesis of tetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (8). A mixture of 160 g (1 

mol) of reagent 1, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, and 

hydroquinone in an amount of 0.16 g (0.1% wt from TCDD) were stirred for 5 h at 100 °С. The 

reaction mixture was washed with water, dried with magnesium sulfate and subjected to vacuum 

fractionation. Yield 210.9 g (83.7%), b.p. 155-156 °C (1 mm Hg), d 20

4  1.1358, n 20

D  1.5235. IR 

spectrum, ν, cm
-1

: 1229 (С-О-С), 1450 (СН2), 2857-2932 (СН), 3412 (OH). 
1
Н NMR spectrum, 

δ, ppm: 1.40 (m, 6H, 6CH), , 1.25-1.80 (m, 6H, 3CH2), 1.78-2.10 (m, 4H, 2CH2 ), 2.75 (d, H, 

CH-O), 3.40-3.80 (m, H, CH; 4H, 2CH2), 3.55-3.62 (m, 2H, 2OH). 
13

C NMR spectrum, δ C, 

ppm: 26.3 (С8 
9
), 28.1 (C

11
), 38.0 (C

12
), 40.1 (С

7
), 40.5 (С

4
), 42.1 (С

5
), 44.9 (С

2
), 46.0 (С

1,10
), 

54.8 (С
6
), 65.0 (C

15
), 71.5 (C

14
), 72.2 (C

13
), 86.1 (С

3
). 

Synthesis of methyltetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (9). A mixture of 

174 g (1 mol) of reagent 2, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, 

and hydroquinone in an amount of 0.17 g (0.1% wt from 2) were stirred for 5 h at 100 ° С. Yield 

202.6 g (80.4%), b.p. 165-166 °C (1 mm Hg), d 20

4  1.1337, n 20

D  1.5248. IR spectrum, ν, cm
-1

: 

1358 (СН3), 1232 (С-О-С), 1452 (СН2), 2856-2931 (СН), 3410 (OH). 
1
H NMR spectrum, δ, 

ppm: 0.97 (t, 3H, CH3), 1.32-1.69 (m, 4H, 2CH2), 1.48 (m, 6H, 6CH), 1.67 (s, H, CH), 1.75-2.21 

(m, 4H, 2CH2), 2.63 (d, H, CH-O), 3.36-3.74 (m, H, CH; 4H, 2CH2), 3.55-3.62 (m, 2H, 2OH). 
13

C NMR spectrum, δC, ppm: 17.9 (C
16

), 30.1 (C
11

), 36.3 (C
8
), 37.3 (C

9
), 38.6 (C

12
), 40.7 (C

4
), 

41.9 (C
7
), 43.2 (C

5
), 45.1 (C

2
), 46.2 (C

1,10
), 55.8 (C

6
), 65.0 (C

15
), 71.5 (C

14
), 72.2 (C

13
), 86.3 (C

3
) 

Synthesis of ethyl tetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (10). A mixture of 

188 g (1 mol) of reagent 3, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, 

and hydroquinone in an amount of 0.18 g (0.1% wt from 3) were stirred for 5 h at 100 °С. Yield 

195.3 g (77.5%), b.p. 172-173 °C (1 mm Hg), d 20

4  1.1311, n 20

D  1.5259. IR spectrum, ν, cm 
-1

: 

1231 (С-О-С), 1361 (СН3), 1454 (СН2), 2860-2936 (СН), 3416 (OH). 
1
Н NMR spectrum, δ, 

ppm: 0.91 (t, 3H, CH3), 1.25-1.80 (m, 4H, 2CH2), 1.40 (m, 6H, 6CH), 1.56 (m, 2H, CH2), 1.75 

(s, H, CH), 2.78 (d, H, CH-O), 1.85-2.13 (m, 4H, 2CH2), 3.40-3.80 (m, H, CH; 4H, 2CH2), 3.58-

3.65 (m, 2H, 2OH). 
13

C NMR spectrum, δC, ppm: 12.1 (C
17

), 28.7 (C
16

), 28.9 (C
11

), 33.2 (C
9
), 

38.1 (C
12

), 39.9 (С
7
), 40.1 (С

4
), 40.8 (С

8
), 41.9 (С

5
), 44.6 (С

2
), 45.8 (С

1,10
), 54.5 (С

6
), 65.0 (C

15
), 

71.5 (C
14

), 72.2 (C
13

), 85.7 (С
3
). 

Synthesis of propyltetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (11). A mixture of 

202 g (1 mol) of reagent 4, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, 

and hydroquinone in an amount of 0.2 g (0.1% wt from 4) were stirred for 5 h at 100 °С. Yield 



Kh.M. MAMEDOVA 

 

www.ppor.az 48 

187 g (74.2%), b.p.190-191 °C (1 mm Hg), d 20

4  1.1286, n 20

D  1.5267. IR spectrum, ν, cm
-1

: 1381 

(СН3), 1236 (С-О-С), 1443 (СН2), 2861-2935 (СН), 3428 (OH). 
1
Н NMR spectrum, δ, ppm: 

1
Н, 

δ, ppm: 0.92 (t, 3H, CH3), 1.41 (m, 6H, 6CH), 1.22-1.33 (m , 4H, 2CH2), 1.33-1.87 (m, 4H, 

2CH2), 1.73 (s, H, CH), 1.71-2.06 (m, 4H, 2CH2), 2.82 (d, H, CH-O), 3.46-3.87 (m, H, CH; 4H, 

2CH2), 3.54-3.60 (m, 2H, 2OH). 
13

C NMR spectrum, δC, ppm: 13.5 (C
18

), 22.3 (C
16

), 22.5 (C
17

), 

28.8 (C
11

), 33.6 (C
9
), 34.1 (С

8
), 38.1 (C

12
), 39.5 (С

4
), 39.7 (С

7
), 40.9 (С

5
), 44.6 (С

2
), 45.7 (С

1,10
), 

53.8 (С
6
), 65.0 (C

15
), 71.5 (C

14
) 72.2 (C

13
), 86.9 (С

3
), 

Synthesis of butyltetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (12). A mixture of 

216 g (1 mol) of reagent 5, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, 

and hydroquinone in an amount of 0.21 g (0.1% wt from 5) were stirred for 5 h at 100 °С. Yield 

172.3 g (68.4%), b.p. 196-197 °C (1 mm Hg), d 20

4  1.1264, n 20

D  1.5274. IR spectrum, ν, cm
-1

: 

1229 (С-О-С), 1327 (СН3), 1428 (СН2), 2869-2933 (СН), 3326 (OH). 
1
Н NMR spectrum, δ, 

ppm: 0.93 (t, 3H, CH3), 1.19-1.37 (m, 6H, 3CH2), 1.32-1.89 (m, 4H, 2CH2), 1.38 (m, 6H, 6CH), 

1.63 (s, H, CH), 1.68-2.23 (m, 4H, 2CH2), 2.69 (d, H, CH-O), 3.40-3.80 (m, H, CH; 4H, 2CH2), 

3.55-3.62 (m, 2H, 2OH). 
13

C NMR spectrum, δC, ppm: 15.1 (C
19

), 22.8 (C
18

), 27.4 (C
16

), 28.9 

(C
11,17

), 34.8 (С
8, 9

), 38.0 (C
12

), 40.1 (С
7
), 40.5 (С

4
), 42.1 (С

5
), 44.9 (С

2
), 46.0 (С

1,10
), 54.8 (С

6
), 

71.5 (C
14

), 72.2 (C
13

), 65.0 (C
15

), 86.1 (С
3
). 

Synthesis of amyltetracyclo [4.4.1
2,5

.1
7,10

.0
1,6

] dodec-3-yl glyceride (13). A mixture of 

230 g (1 mol) of reagent 6, 184 g (2 mol) of glycerol, 2.76 g (0.02 mol) of BF3•OEt2 catalyst, 

and hydroquinone in an amount of 0.23 g (0.1% wt from 6) were stirred for 5 h at 100 °С. Yield 

162.5 g (64.5%), b.p. 210-214 °C (1 mm Hg), d 20

4  1.1242, n 20

D  1.5283. IR spectrum, ν, cm
-1

: 

1215 (С-О-С), 1327 (СН3), 1417 (СН2), 2871-2934 (СН), 3378 (OH). 
1
Н NMR spectrum, δ, 

ppm: 0.87 ( t, 3H, CH3), 1.27-1.42 (m, 8H, 4CH2), 1.37 (m, 6H, 6CH), 1.68 (s, H, CH), 2.81 (d, 

H, CH-O), 1.31-1.89 (m, 4H, 2CH2), 1.67-2.26 (m, 4H, 2CH2), 3.41-3.86 (m, H, CH; 4H, 2CH2), 

3.46-3.71 (m, 2H, 2OH). 
13

C NMR spectrum, δC, ppm: 13.9 (C
20

), 22.5 (C
19

), 28.3 (C
16

), 29.7 

(C
11

), 30.5 (C
17

), 31.9 (C
18

), 33.8 (C
9
), 35.1 (C

8
), 38.8 (C

12
), 39.7 (C

7
), 41.4 (C

4
), 42.2 (C

5
), 43.7 

(C
2
), 46.6 (C

1,10
), 55.3 (C

6
), 65.0 (C

15
), 71.5 (C

14
), 72.2 (C

13
), 86.6 (C

3
). 

TCDD and its alkyl derivatives based on industrial raw materials, dicyclopentadiene (b.p. 170 

°C, 20

4d 0.9760, 
20

Dn 1.5051) and GL (b.p. 290ºC, 
20

4d 1.2610, 
20

Dn 1.4740), were used as starting 

materials. Tetracyclic compounds, in turn, were obtained by us by the reaction of cycloaddition 

of norbornene and its alkyl derivatives with cyclopentadiene using nano-TiO2 as a catalyst [12], 

physicochemical constants are shown in Tab. 1.  
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Тable 1. Physico-chemical characteristics of the used tetracyclic esters 

Structure 
B.p., °С/ 

5 mm Hg 
20

4d  
20

Dn  

 

68 1.0044 1.5180 

 

96 1.0054 1.5220 

 

109 1.0082 1.5268 

 

123 1.0118 1.2301 

 

131 1.0146 1.5324 

 

142 1.0173 1.5417 

Results and Discussion 

The influence of various factors: temperature (within 50-110 °C), the molar ratio of the 

starting components (in the range of 1: 1-2.5) the amount of catalyst (1.1-1.7% by weight of 

glycerol), the duration of the reaction (1-7 hours) tetracyclododecenylglyceride (TCDDGl) was 

studied using Gl and TCDD (Fig. 1). 
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Fig. 1. Dependence of the yield of TCDDGl on temperature (1), the molar ratio of TCDD: Gl 

(2), the amount of BF3•O(C2H5)2 catalyst (3), and the reaction time (4) 

The results of the research showed that with an increase in the reaction temperature from 

50 to 100 °C, the yield of TCDDGl increases from 16.5 to 50.0%. With a further increase in 

temperature to 110 °C, a decrease in the yield of the target product to 31.0% is observed due to 

the oligomerization of the initial tetracyclic olefin. Given this, the effect of the molar ratio of 

TCDD and GL on the yield of the target product was studied at 100 °C (curve 2); the receiving 

results showed that the optimal ratio of TCDD to Gl is 1: 2 mol. Wherein the yield of the product 

was 61.5%. 

When studying the effect of the amount of BF3•O(C2H5)2 catalyst on the yield of TCDDGl, 

its concentration varied from 1.0 to 1.7 % of the amount of TCDD (curve 3). The data obtained 

showed that the optimal amount of catalyst is 1.5%, while the yield of the ether reaches 77.5%. 

A further increase in the concentration of the catalyst does not lead to a positive result, because 

the yield of by-products increases noticeably. The yield of the target product is reduced to 

62.0%. 

The effect of the reaction time in the range from 1 to 7 hours on the yield of TCDDGl was 

also studied in detail. Analysis of the reaction products showed that, with a reaction time of 5 

hours, the yield of ether reaches a maximum of 83.7% (curve 4). A further increase in the contact 

time of the starting compounds up to 6 hours does not lead to an increase in the yield of the main 

product. 

Based on the results obtained the optimal reaction conditions for the synthesis of TCDDGl 

were determined: 

Temperature                                      100 °С 

Molar ratio                                        TCDD: Gl 1: 2 

The amount of BF3•O(C2H5)2           1.5% by weight of Gl 

The reaction time                               5 hours 
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In ongoing studies, to prevent the polymerization process, hydroquinone in the amount of 

0.1% of the mass of TCDD was used as an inhibitor. 

Under the optimal conditions found, the addition of Gl to the alkyl derivatives of TCDD was 

studied.  

Synthesized esters are clear liquids with a characteristic odor. 

a) 

 
 

 

b) 

 
Fig. 2. NMR-

13
C- (a), 

1
H- (b) spectra of synthesized butyltetracyclododecenylglyceride 
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Conclusion 
The synthesis of TCDDGl was carried out with a yield of 83.7%, by the reaction of addition 

of GL to TCDD in the presence of a homogeneous catalyst, boron trifluoride etherate. The 
conditions for the synthesis of TCDDGl (temperature, reaction time, amount of catalyst, molar 
ratio of starting compounds) were optimized. Under similar conditions, a number of 
representatives of tetracyclic glycerol ethers were synthesized in 68.4-80.4% yields by the reaction 
of addition of glycerol to alkyl derivatives of tetracyclododecene and the physicochemical 
properties of the esters were determined. 
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