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Abstract 

The interaction reaction of ethyleneoxide with ketons and their derivatives 

of alicyclic, aromatic series, as well as unsaturated cyclic diketon with the 

presence of boron trifluoride etherate has been performed. Optimum 

mode for obtaining process of crown-ethers was selected. Depending on 

mol ratio of initial ketons and ethyleneoxide new oxygen-containing 

macrocyclic polyethers were synthesized with maximum yield of 90-93% 

and studied.  The composition and structure of spiro-crown ethers were 

confirmed by 
1
Н and

 13
С NMR, IR spectroscopy and elemental analysis. 

Physical and chemical parameters of the compounds were determined 

Keywords: spiro-crown-ethers, intramolecular cyclization, ethylene oxide, ketones, boron                

trifluoride etherate,  complexformation 

Introduction 

Crown-ethers are effective, often unique reagents for organic synthesis [1-3]. By forming 

stable lipophilic complexes with organic or inorganic ions they can carry such ions from aqueous 

or solid phase to organic phase, change the condition of ionic pairs in solution and thanks to it 

strongly impact on the kinetics and stereochemistry of many reactions [4]. 

         The ability of macrocyclic compounds to capture and keep certain ions selectively in 

accordance with its intramolecular cavity makes them high-effective specific extractants: with 

the help of them metals are extracted from low-grade ores, gold from solutions, uranium from 

sea water, but calcium from hard water, as well as waste waters are treated from harmful 

impurities, including atomic industry.  For example, addition of a certain percent of 24-crown-8-

ether allows extracting cesium (99.9%) and strontium. By this way we may clear the organism 

from radioactive substances or toxic heavy metals [5, 6]. 

          Recently there have been created such macrocyclic complexes the properties of which can 

be managed by changing their specificity with various kinds of external effects [7, 8]. For 

example, one of the derivatives of benzo-18-crown-6-ether specifically binds potassium ion.  

During irradiation of crown-ether with ultra violet cavity of molecule instead of ion captures its 

ammonium “tail” and potassium affinity considerably decreases [9, 10].    

         In literature there is no data on the synthesis of mactocyclic compound based on ketons of 

alicyclic, aromatic series and their derivatives [11, 12].  
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Authors have developed an effective method of obtaining oxygen-containing crown-ethers 
based on aliphatic [13] and alicyclic dioximes [14-17], diatomic alcohols with ethyleneoxide 
[18].  

Individual crown-ethers are obtained through formation of polyetherglycoles with futher 
dehydratation of polyetheralcohols till crown-ethers. 

More advanced method has been developed to obtain  crown-ethers on the basis of 
diatomic alcohols and pyrocatehol with alkylating agent – chlorex (β,β'-dichlordiethyl ether) 
with solution of ammonium hydroxide [19]. Substituted aromatic alcohols, diatomic phenols and 
other compounds were used to synthesize aromatic crown-ethers.  

The aim of the work is to develop new methods of synthesizing oxygencontaining macro-
cyclic polyether based on ketons of alicyclic, aromatic series and their derivatives.  

Continuing the studies in this direction we have synthesized new spiro-crown-ethers based 
on a number of alicyclic and aromatic ketons and their derivatives.  

As initial ketons we used: cyclopentylketon, cyclohexylketon, 1,2- and 1,4-methyl cyclo-
hexylketons, methylphenylketon, diphenylketone and 1,4-benzoquinone.                                    

Experimental Part 
To obtain such preparations like ethyleneoxide, cyclopentylketon, cyclohexylketon, 1,2- 

and 1,4-methylcyclohexylketons, 1-methylphenylketon, diphenylketon, 1,4-benzoquinone, 
BF3·O(C2H5)2, commercial sources were used and they are chemically pure.         

Control of the reaction, identification and pureness of substances  was performed by the 
methods of 

1
Н and

 13
С NMR, IR spectroscopy, as well as elemental analysis. Spectra of 

1
Н and

 

13
С NMR were registered in stationary mode on “Bruker Avance 300” with operating frequency 

of 300.18 MHz with internal standard hexamethylenedimethylsiloxane (HMDS) in solution 
ССl4. Chemical shifts are given in a scale δ (ppm) relative to HMDS (0.05 ppm), J/Hz [20, 21].  

During experiment IR spectra were recorded on “Specord IR-80“ in microlayer for solid 
samples using suspension with paraffinic oil [22]. Elemental analysis was performed on «Perkin-
Elmer 2400». Melting temperature was determined on «Electrothermal 9100» in the block with 
open capillary. Yields and physical and chemical characteristics of the compounds I-VII are 
given in the Tab. 1.           

Table 1. Yields and physical and chemical characteristics and data of elemental analysis of       
synthesized compounds I-VII 

Compounds 
 

Yield, 
% 

Tmelt. 
о
С 

Calc.,% Brutto-
Formula 

Found,% 

С Н С Н 
I 92.1 58-62 59.21 9.21 С15Н28О6 59.19 9.18 
II 90 72-76 59.67 9.39 С18Н34О7 59.65 9.34 

III a 90.3 64-66 61.45 9.64 С17Н32О6 61.42 9.58 
III б 93 65-67 60.64 9.57 С19Н36О7 60.62 9.51 
IV 88.5 125-126 62.50 8.33 С20Н32О7 62.48 8.28 
V 87 189-192 68.66 7.46 С23Н30О6 68.62 7.44 
VI 84.5 108-110 59.15 7.04 С14Н20О6 59.12 6.98 
VII 82.6 110-112 57.39 7.83 С22Н36О10 57.34 7.78 
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Synthesis of crown-ethers based on cyclopentylketone (I) 

16.8 g (0.2 mol) of cyclopentylketon 1 and 44 g (1 mol) of ethyleneoxide in excess amount 

were added into a stainless steel autoclave provided with magnetic stirrer, electrical heater and 

chamber for thermal thermocouple converter for 2 hours. The reaction was performed with the 

catalyst BF3·O(C2H5)2 (0.01% from reaction mass) in the medium of solvent 150 ml of diethyl 

ether at 25-30 C
0 

 for 8-10 hours.  

Then reaction mass was processed with water and the solvent was distilled on rotary-

vacuum evaporator.  It was filtered, washed with acetone and dried in thermostat. Synthesized 

spiro-crown-ether-1, 4, 7, 10, 13, 16-hexaoxadicyclo-[17, 18, 19, 20, 21]-pentane was obtained 

by recrystallization from p-heptane in the form of white crystals which are insoluble in water, but 

well soluble in organic solvents, Tmelt.=58-62 
0
C. Yield of spiro-crown-ether was 56 g (92.1%). 

Calculated (%): C, 59.21; H, 9.21. C15 H28 O6 . Found (%): C, 59.19; H, 9.18.  

IR spectrum (cm
-1

): absorption bands in the field of  2960, 2940, 2870, 2840  are typical 

for valence vibrations (VC-H) for polyether chains 1040, 1065  (VC-O)  cm
-1 

925, 1000, 1055, 1090    

(VC-C) cm
-1

. Intensive absorption band of deformation vibrations is  δC-H  1410, 1370,1380,720 

cm
-1

. 
1
Н NМR spectrum (δ, ppm): 1.67 (m, 4H, 2CH2); 2.18 (m, 4H, 2CH2); 3.67 (m, 20H, 10 

CH2 ).  
13

С NMR spectrum (δ, ppm): 106.67 (C
1
), 67.58 (C

8,11
), 33.40 (C

2,5
), 24.04 (C

3,4
), 70.21 

(C
9,12

), 70.64 (C
14,17

), 70.52 (C
15,18,20,21

).  

Synthesis of crown-ethers based on cyclohexylketone (II) 

Reaction was performed on the abovementioned technique. 65.2 g (90%) of spiro-crown-

ether-1, 4, 7, 10, 13, 16, 19-heptaoxadicyclo-[20, 21, 22, 23, 24, 25]-hexane was obtained from 

the mixture of 19.6 g (0.2 mol) of cyclohexylketon 2, 150 ml of diethyl ether, 52.8 g (1.2 mol) of 

ethyleneoxide and BF3·O(C2H5)2  in the form of white crystals at Tmelt.=72-76 
0
C. 

Calculated (%): С, 59.67; Н, 9.39. С18Н34О7. Found (%): С, 59.65; Н, 9.34.    

IR spectrum: absorption bands in the field of  2965, 2936, 2870, 2850  are typical for 

valence vibrations (VC-H) for polyether chains 1080, 1076  (VC-O)  cm
-1   

930, 1020 (VC-C) cm
-1

. 

Intensive absorption band of deformation vibrations is  δC-H  1420,1360,720 cm
-1

. 
1
Н NМR spectrum (δ, ppm): 1.41 (m, 2H, CH2); 1.62 (m, 4H, 2CH2); 2.05 (m, 4H, 2CH2 ); 

3.44 (m., 24H, 12CH2). 
13

С NMR spectrum (δ, ppm): 106.67 (C
1
), 67.58 (C

4,7
), 70.21 (C

5,8
), 70.64 (C

10,13
), 70.52 

(C
11,14

), 35.25 (C
16,17

), 23.23 (C
18,19

),24,62 (C
20

), 70.52 (C
21,22,24,25

).  

Synthesis of crown-ethers based on 1,2- and 1,4-methylcyclohexylketone (IIIа, IIIb) 

60 g (90.3%) of spiro-crown-ether-1, 4, 7, 10, 13, 16-hexaoxa-18-methyl-[19, 20, 21, 22, 

23, 24]-hexane was obtained from the reaction of 22.4 g (0.2 mol) of  1,2-methylcyclohexylketon 

3a with excess amount of ethyleneoxide 44 g (1 mol) in solvent 150 ml of diethyl ether and 

catalyst BF3·O(C2H5)2 in the form of crystals at Tmelt.= 64-66 
0
C. 

Calculated (%): С, 61.45; Н, 9.64. С17Н32О6. Found (%): С, 61.42; Н, 9.58.  
1
Н NMR spectrum (δ, ppm. for IIIа): 1.15 (s, 3H, CH3); 1.48 (m, 2H, CH2), 1.53 (m, 2H, 

CH2); 1.89 (m, 3H, CH+CH2); 2.26 (m, 2H, CH2); 3.64 (m, 20H, 10 CH2O). 
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13
С NMR spectrum (δ, ppm. for IIIа): 106.67, 67.58, 70.21, 70.64, 70.52, 32.86, 26.59, 

32.15, 21.48. 

70g (93%) of spiro-crown-ether-1, 4, 7, 10, 13, 16, 19-hetpaoxadicyclo-24-methyl [20, 21, 

22, 23, 25, 26]-hexane was obtained from the mixture of 22.4 g (0.2 mol) of 1,4-

methylcyclohexylketon 3b and 52.8 g (1.2 mol) of ethyleneoxide in solvent 150 ml of diethyl 

ether in the form of white crystals at  Tmelt.=65-67 
0
C. 

Calculated (%): С, 60.64; Н, 9.57. С19Н36О7. Found (%): С, 60.62; Н, 9,51.   

IR spectrum: absorption bands in the field of  2960, 2930, 2870, 2840  are typical for 

valence vibrations (VC-H) for polyether chains 1030, 1160  (VC-O)  cm
-1 

935, 1000 (VC-C) cm
-1

. 

Intensive absorption band of deformation vibrations is  δC-H  1410, 1370, 1380, 720 cm
-1

.  
1
Н

 
NМR spectrum (δ, ppm. for IIIb): 1.24 (s., 3H, CH3); 1.48 (m., 2H, CH2); 1.56 (m., 2H, 

CH2); 1.89 (m., 3H, CH+CH2); 2.21 (m., 2H,  CH2); 3.58-3.62 (m., 24H, 12CH2O). 

  
13

С NМR spectrum (δ, ppm. for IIIb): 106.67, 67.58, 70.24, 70.64, 70.56, 32.44, 26.68, 

70.52, 32.15, 21.48, 26.59. 

Synthesis of crown-ethers based on 1-methylphenylketone (IV) 
68 g (88.5%) of spiro-crown-ether-1, 4, 7, 10, 13, 16, 19-heptaoxadicyclo-20-methyl-[22, 

23, 24, 25, 26, 27]-hexaene was obtained from the mixture of 24.03 g (0.2 mol) of 1-

methylphenylketon 4, 150 ml of diethyl ether, 52.8 g (1.2 mol) of ethyleneoxide and catalyst 

BF3·O(C2H5)2 in the form of a  white powder at Tmelt. = 125-126
0
C.  

Calculated (%): С, 62.5; Н, 8.33. С20Н32О7. Found (%): С, 62.48; Н, 8.28.  

IR spectrum (cm
-1

): absorption bands in the field of 3063, 3035 cm
-1 

are typical for valence 

vibrations VC-H (Ar), 1418, 1231, 1170 cm
-1 

for
 
VC-O (Ar), 1342, 1596 Vс=с (Ar), for polyether 

chain 1080, 1062 cm
-1

 VC-O. Intensive absorption bands of eformation vibrations are δ С-Н (Ar) 

750, 894, 901, 740 cm
-1

. 
1
Н NMR spectrum (δ, ppm.): 1.68 (s, 3H, CH3); 3.44 (m, 2H, CH2); 3.62 (m, 4H, 2CH2); 

3.66 (m, 8H, 4CH2; 10H, 5CH2); 7.62 (m, 5H, 5Ar-H) . 
13

С NMR spectrum (δ, ppm.): 106.67 (С
1
); 67.58 (С

4,7
); 70.21 (С

8
); 70.64 (С

10,13
); 70.52 

(С
11,14

); 32.86 (С
16,17

); 26.59 (С
18,19

); 70.52 (С
22,23

); 32.15 (С
20

); 21.48 (С
21

); 70.52 (С
25,26

).   

Synthesis of crown-ethers based on diphenylketone (V) 

70 g (87%) of spiro-crown-ether-1, 4, 7, 10, 13, 16-hexaoxatricyclo-17-bis-[18, 19, 20, 21, 

22, 23, 24, 25, 26, 27, 28, 29] hexaene was obtained from the reaction of 36.4 g (0.2 mol) of 

diphenylketon 5, 150 ml of diethylether, 44 g (1 mol) of ethyleneoxide and catalyst 

BF3·O(C2H5)2 in the form of a white powder Tmelt. = 189-192 
0
C.  

Calculated (%): С, 68.66; Н, 7.46. С23Н30О6. Found (%): С, 68.62; Н, 7.44. 

IR spectrum (cm
-1

): absorption bands in the field of 3065, 3038 cm
-1 

are typical for valence 

vibrations VC-H (Ar), 1238, 1175 cm
-1 

for
 
VC-O (Ar), 1348, 1598, 1320, 1440 for Vс=с (Ar), 

1240-1275 for valence vibration Cph-o crown-ether, for polyether chain VC-O 1084, 1062. 

Intensive absorption bands of eformation vibrations are δ С-Н (Ar) 760, 765, 890,  906 cm
-1

. 
1
Н NMR spectrum  (δ, ppm.): 3.12 (m., 16H, 8CH2); 3.40 (m., 4H, 2CH2); 7.63 (m., 10H, 

10 Ar-H). 
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13
С NMR spectrum (δ, ppm.): 118.50 (С

1
); 67.58 (С

4,7
); 70.21 (С

5,8
); 70.64 (С

10,13
); 70.52 

(С 
11,14

); 144.25 (С
16

); 125.94 (С
17,25

); 128.04 (С
18,20

); 128.76 (С
19,27

); 125.94 (С
21

); 70.52 

(С
22,23

); 144,18 (С
24

); 128.34 (С
26

).  

Synthesis of crown-ethers based on 1,4-benzoquinone (VI, VII) 

48 g (84.5%) of spiro-crown-ether-1, 4, 7, 10, 13-pentaoxadicyclo-[14, 15, 16, 17, 18, 

19]-hexadienecarbonyl from the reaction of 21.6 g (0.2 mol) of 1,4-benzoquinone 6, 150 ml of 

diethyl ether, 35.2 g (0.8 mol) of ethyleneoxide and catalyst BF3·O(C2H5)2 in the form of yellow 

crystals at   Tmelt.= 108-110 
0
C.  

Calculated (%): С, 59.15; Н, 7.04. С14Н20О6. Found (%): С, 59.12; Н, 6.98.   

92 g (82.6%) of spiro-crown-ether-1, 4, 7, 10, 13, 18, 21, 24, 27, 30-decaoxatricyclo-[14, 

15, 16, 17, 31, 32]-hexadiene from the mixture of 21.6 g (0.2 mol) of 1,4-benzoquinone 7 and 

70.4 g (1.6 mol) of ethyleneoxide, 150 ml of diethyl ether in the form of yellow crystals at  

Tmelt.=110-112
0
C. 

Calculated (%): С, 57.39; Н, 7.83. С22Н36О10. Found (%): С, 57.34; Н, 7.8   

IR spectrum (cm
-1

): absorption bands in the field of 3045, 3068 cm
-1 

are typical for 

valence vibrations of a bond VC-H in quinoid nucleus, 1138, 1150 cm
-1 

 for VC-O, bound with 

cycle, 1600-1620 (VC=C) cm
-1 

for multiple bond of quinoid nucleus, for polyether chains  VC-O 

1064, 1075 cm
-1

. Intensive absorption bands of deformation vibrations of  δ С-Н quinoid group is 

600, 870, 902 cm
-1

 . 
1
Н NMR spectrum (δ, ppm., J/Hz for VI): 3.62 (m., 4H, 2CH2O); 3.81 (m., 4H, 2CH2O), 

4.02 (m., 8H, 4CH2O), 6.84 (d., 4CH, 4CH=, 
3
JH-H =7.5 Hz)  

           
13

С NMR spectrum (δ, ppm. for VI): 70.495, 70.587, 70.314, 70.389, 129.100, 129.101, 

135.332, 135.348, 70.671, 70.584, 70.234, 184.908, 93.900, 68.603, 68.614. 

           
1
Н NMR spectrum (δ, ppm., J/Hz for VII): 3.62 (m., 2H, 2CH2O), 3.78-3.82 (m., 4H, 

2CH2O; 10H, 2 CH2O), 4.06 (m., 16H, 8CH2O), 6.84 (d., 4CH, 4CH=; 
3
JH-H =7.5 Hz).  

           
13

С NMR spectrum (δ, ppm. for VII): 68.612, 68.133, 68.604, 68.608, 70.435, 70.327, 

70.588, 70.887, 70.865, 70.985, 70.311, 70.389, 135.331, 135.338, 135.502, 93.900, 93.901, 

135.315. 

Results and Discussion 
It is known that interaction reaction of keton-rich ethyleneoxide with Lewis acids causes 

the formation of ketals (dioxalanes). During the change of mol ratio of initial components in 

excess amount of ethyleneoxide the reaction does not stop at the stage of formation of ketals, but 

leads to obtaining of macrocyclic compounds. 

Interaction reaction of cyclic ketons and their derivatives was performed at constant 

addition of excess ethyleneoxide in the presence of catalyst BF3O(C2H5)2 in solvent of diethyl 

ether at 25-30
0
С

 
for 10-12 hours by the following scheme I: 
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Scheme I 

Synthesized spiro-crown-ethers are obtained by recrystallization from p-heptane in the 

form of white crystals, yields of which depend on the structure of initial cyclic ketons.  

We have studied the interaction reaction of 1,4-benzoquinone with ethyleneoxide at mol 

ratio of initial ketons: ethyleneoxide=1:4 mol in the presence of boron trifluoride etherate 

according to the following scheme II a (6): 

 

Scheme II a 

 

After completion of the reaction the content was processed with water, solvent was 

distilled on rotary-vacuum evaporator, the remaining part of reaction mass was filtered, washed 

out with acetone and dried in thermostat.  Spiro-crown-ethers were obtained by recrystallization 

from p-heptane in the form of yellow crystals.  

At excess ethyleneoxide with 1,4-benzoquinone in the presence of catalyst boron 

trifluoride etherate the reaction results in the formation of polyalkylderivative of various 

molecular masses and intramoleuclar cyclization with formation of different oxygencontaining 

macrocyclic compounds by the scheme II b (7): 

 

 

 

 

Scheme II b 

+ nCH2 - CH2

O

BF3·O(C2H5)2O = = O O = <
O - CH2 - CH2 (O - CH2 - CH2)n

O - CH2 - CH2 (O - CH2 - CH2)n>O

.

.
n =4 8  (II a)

+ nCH2 - CH2

O

BF3·O(C2H5)2O = = O

 (CH2 - CH2 - O)n - CH2 - CH2 - O

<O
 (CH2 - CH2 - O)n - CH2 - CH2 - O> <

O - CH2 - CH2 (O - CH2 - CH2)n

O - CH2 - CH2 (O - CH2 - CH2)n
>O

.

.
n =8 16 (II б)
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Depending on mol ratio of initial components synthesized compounds allows obtaining 

crown-ethers with various amounts of oxyethylene groups. This method of obtaining spiro-

crown-ethers allows avoiding side reactions of oligomerization and isomerization of initial 

compounds and achieving quantitative yield of target product. 

Conclusion  

Thus, as a result of a number of experiments we have developed and studied effective 

synthesis methods of heterocyclic oxygencontaining spiro-crown-ethers based on ketons and 

their derivatives of alicyclic, aromatic series and unsaturated cyclic diketon. Optimum mode of 

the process was selected to obtain spiro-crown-ethers of new class organic compounds. Obtained 

com-pounds are promising for studying them as extracting agents of metal ions. 
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