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Abstract 

The peculiarities of the condensation reaction of cyclopentanone and its С3-С7 alkyl 

derivatives with propantriol using the catalyst on the basis of natural perlite 

modified by iron, zinc and zirconium salts have been investigated. It has been 

established that a yield and composition of products depend on both of nature of 

catalyst and on temperature and tests duration. It has been experimentally 

established that the high yields of spiroacetals have been prepared at modification 

of the natural perlite by zirconium salts. It has been shown that with increase of a 

quantity of zirconium applied on natural perlite from 0.1 to 3.5% a yield of 

purposeful product is increased and reaches 76.4%. For selective carrying out of the 

condensation reaction of cyclopentanone and its С3-С7 alkyl derivatives with 

propantriol as azeotrope-forming solvent it is advisable to use toluene and m-xylene   

Keywords: cyclopentanone, 2-alkylcyclopentanone, propantriol, natural perlite, nitrates and 

zinc chlorides, zirconium and iron, spiroacetals, condensation 

Introduction 

We have previously reported about synthesis of the highest spiroacetals by condensation 

of С3-С7 alkyl-, dialkyl and cycloalkyl substituted cyclopentanones and cyclohexanones with 

1,2-ethane, 1,2-propane and 1,3-butane diols in the presence of various heterogeneous catalysts 

of acidic type with sufficiently high yields 1.2 

Spiroacetals and their derivatives are referred to a number of the most important oxygen-

containing heterocycles with wide spectrum of applications in the production of perfumery and 

cosmetic products and household chemical goods [3,4], and also in the production of the various 

drugs, including intermediate compounds in the synthesis process of carotinoids and analogues 

of vitamin A, peptides for protection of agricultural cultures [5], syntones for preparation of new 

organic substances stipulated by their chemical stability relatively other oxygen-containing 

compounds. 

In recent years, spiroacetals have acquired special interest in connection with possibility 

of their use in the composition of motor fuels for improvement of the octane characteristics, 

increase of phase stability of the alcohol-containing petrols, decrease of toxicity of the exhaust 

gases [6]. 
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In continuation of the investigations on development of methods of the synthesis of 

spiroacetals, the condensation of  cyclopentanone and its alkyl derivatives with propantriol in the 

presence of solid catalysts of acidic type, modified forms of the natural perlite has been carried 

out.  

Experimental Part 

Spiroacetals have been prepared according to the following scheme: 

 
where R

1
=H; С3H7; С4H9; C5H11; C6H13; C7H15  

The initial raw material for preparation of acetals were the carbonyl compounds obtained 

on continuous method of alkylation of cyclopentanone, cyclohexanone, cyclododecanone and 

norcamphor by unsaturated hydrocarbons of various structures previously developed by us[7-8].  

As another component for preparation of cyclic acetals it was used the glycerin, a source of 

which is the process of fats and oils processing, including the production of biodiesel from 

vegetable triglycerides, mainly rapeseed oil. The growing capacities of this production in the 

near future will overtake the necessary demand in crude glycerin, which is often forced to be 

considered as a waste. The new way of the glycerin utilization in a single frame with biodiesel 

production will raise its efficiency and approximate to modern ecological requirements. This 

perspective determines the necessity of development of new approaches to the preparation of 

cyclic acetals on the basis of propantriol, alicyclic and other carbonyl compounds. 

The condensation reaction of ketones with propantriol was carried out in a thermostated 

glass reactor equipped with Dean-Stark nozzle, reflux condenser and thermometer. The 

necessary quantity of the initial reagents and catalyst, 1.5-3.5% of the mixture of reagents and 

azeotrope-forming agent were loaded into the reactor. As azeotrope-forming agent it was used 

the benzene, cyclohexane, toluene and xylene. The end of the reaction was determined on 

isolated quantity of water in the form of an azeotropic mixture (on calculation).  

The organic layer was separated from catalyst (by filtration), washed to neutral reaction 

(on lacmus), dried over Na2SO4 and after distillation of solvent by vacuum rectification the 

purposeful product was isolated. 

It has been experimentally established that the activity of the untreated samples of the 

natural perlite in the condensation reaction of cyclopentanone with propantriol is not high (20-

25%).  

With the aim of increase of catalytic activity of the natural perlite it was carried out the 

modification by iron, zinc and zirconium salts. The metal-containing samples have been 

prepared by a method of impregnation from acidic solution. 
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For this purpose, the natural perlite was crushed, sieved through a sieve and selected a 
fraction by a size of 0.6-1 mm, was dehydrated at temperature 350-400°C for 4 h., after which 
was cooled in exsiccator to room temperature and 0.5-3.5% mass (on metal) alcohol-water 

solution of salts of the corresponding precipitated on it, dried at 100-120С and calcined at 500-

550С. 
GLC analysis has been carried out on chromatograph «Isvet 500М» with detector on heat-

conductivity on column by diameter 0.2 mm, by length 2000 mm, 10% mass of immobile phase 
of polyethylene glycol succinate have been applied on chromosorb W. The column temperature 

– 120-150С, carried gas rate (helium) – 40ml/min, detector current –120-140mA. 
The IR-spectra were taken on Fourier-spectrometer Аlpha in the range of 400-4000 cm

-1 
in 

the tablet with КBr. The NMR 
1
Н and 

13
С-spectra were taken on spectrometer Вruker Bio Spin 

AG at working frequency 300 18MHz in CDCl3. 
The elemental analysis was carried out on analyzer Truspes Micro Leco Corporation USA. 

Results and Discussion 
The condensation reaction was investigated on the example of cyclopentanone with 

propantriol with use of each sample of the catalyst modified by salts of metals separately. 
In order to find the optimal reaction conditions, by controlling the method of GLC analysis 

the influence of various factors: temperature, molar ratio of reagents, azeotrope-forming quantity 
of the catalyst, duration and also nature and quantity of modifier, structure of the initial ketones 
on yields of purposeful products has been studied; the optimal reaction conditions have been 
found. The optimal conditions of the condensation reaction of cyclopentanone with propantriol:  
temperature –110°С, duration – 3.5 h, molar ratio of ketone : propantriol=4:1, quantity of the 
catalyst 4% from mass of the initial reagents taken for reaction. 

With the aim of determination of influence of nature of metal on activity of the catalyst in 
the found optimal conditions there have been carried out the investigations in the presence of 
various samples containing compounds ZrO

2+
, Zn

2+
 and Fe

2+
 as a modifier. Some results of tests 

are presented in Tables 1-3. A comparison of the obtained results in Tab. 1-3 shows that the 
condensation reaction of cyclopentanone with propantriol proceeds with good yields. 

Table 1. Dependence of yield of spiroacetal on nature of modifier on the natural perlite at 
condensation of cyclopentanone and propantriol (molar ratio ketone:propantriol 4:1, 

temperature 110С, τ-3,5h, azeotropoformer – toluene) 

Quantity of metal 
%, mass 

Yield of spiroacetal, %, mass 

iron zinc zirconium 
0.5 46.2 49.3 51.8 
1.0 48.6 52.1 53.2 
1.5 51.3 54.6 57.4 
2.0 54.7 58.8 60.5 
2.5 56.4 61.9 66.9 
3.0 59.1 68.7 71.9 
3.5 62.3 71.8 76.4 
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It is seen from Tab. 1 that with growth of the metal content on perlite from 0.5 % mass to 

3.5% mass the activity of the modified samples of the catalyst is increased and favors increase of 

spiroacetal yield. A further increase of quantity of modifier doesn’t favor increase of yield of 

purposeful product. In a case of use of the catalyst modified by zirconyl salts an acetal yield 

reaches 76.4%, and in case of zinc and iron 71.8% and 62.3%, respectively.  

The results of tests showed that the highest yield of spiroacetal is obtained in introduction 

of zirconyl in composition of the natural perlite. Therefore, all further investigations have been 

carried out on this sample of the catalyst. 

Table 2. Results of condensation of cyclopentanone (a) and propantriol (b) in the presence of the 

natural perlite modified by zinc (quantity of the catalyst 4% from mass of reagents) 

Taken, g Molar 

ratio 

a:b 

 

Solvent  

 

Conditions of 

test 
 

Acetal 

yield, % 

 

 

Residue  

% 
Ketone 

(а) 

Propan-triol 

(b) 

 

 

Т°,С 

 

 

h 

 

8.4 9.2 1:1 Benzene 80 6 39.8 6.7 

16.8 9.2 2:1 Benzene 80 6 43.7 4. 

25.2 9.2 3:1 Benzene 80 6 48.6 4.3 

29.4 9.2 4:1 Benzene 80 6 59.5 4.0 

16.8 9.2 2:1 Cyclohexane 81 6 45.8 4.2 

25.2 9.2 3:1 Cyclohexane 81 6 50.4 5.9 

16.8 9.2 2:1 Toluene 110 5 64.5 4.6 

25.2 9.2 4:1 Toluene 110 6 65. 9 7.0 

25.2 9.2 4:1 Toluene 80 2 49.6 3.1 

25.2 9.2 4:1 Toluene   80 4 57.4 3.6 

25.2 9.2 4:1 Toluene 80 7 66.2 5.4 

25.2 9.2 4:1 Xylol 130 3 69.5 3.0 

25.2 9.2 4:1 Xylol 130 3.5 71.8 3.4 

In the found optimal conditions of the condensation reaction of cyclopentanone and 

propantriol the condensation of С3-С7 alkyl substituted cyclopentanones with propantriol has 

been carried out.  

It has been established as a result of the carried out GLC-analysis that the condensation of 

pentanone and its alkyl derivatives with propantriol proceeds, mainly, (94-96%) by addition of 

ketone in position 1,2 with formation of 2-hydroxymethyl-1,4-dioxaspiro[4.4]nonan or 2-hyd-

roxymethyl-5-alkyl-1,4-dioxaspiro[4.4]nonans  and in position 1,3 with formation of (2-cyc-

lopentyl(or С3-С7 alkylcyclopentyl)-1,3-dioxolan-5-ol with yield 4-6%. 
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Table 3. Results of condensation of cyclopentanone (a) with propantriol (b) in the presence of 

the natural perlite modified by zirconyl (quantity of the catalyst 4% from mass of 

reagents) 

Taken, g  

Molar 

ratio a:b 

 

Solvent 

 

Conditions of test 

Acetal 

yield , % 

Residue 

% Ketone  

а 

Propan-

triol  

b 

Т°,С h 

8.4 9.2 1:1 Benzene 80 6 42.4 6.7 

16.8 9.2 2:1 Benzene 80 6 46.8 5.9 

25.2 9.2 3:1 Benzene 80 6 51.7 5.2 

33.6 9.2 4:1 Benzene 80 6 62.4 4.1 

16.8 9.2 2:1 Cyclohexane 81 6 47.4 5.4 

25.2 9.2 4:1 Cyclohexane 81 6 52.3 4.0 

16.8 9.2 2:1 Toluene 110 5 67.6 4.3 

25.2 9.2 4:1 Toluene 110 6 69.5 6.4 

25.2 9.2 4:1 Toluene 110 4 64.7 2.8 

25.2 9.2 4:1 Toluene 110 2 57.8 3.2 

25.2 9.2 4:1 Toluene 110 7 72.3 5.1 

25.2 9.2 4:1 Xylol 130 3 74.1 3.1 

25.2 9.2 4:1 Xylol 130 3.5 76.4 3.5 

After isolation by clear rectification of basic isomer from composition of the condensation 

of cyclopentanone and its С3-С7 alkyl derivatives with propantriol there have been determined 

the physical-chemical and organoleptic properties of the prepared spiroacetals, the results of 

which are presented in Tab. 4. 

Table 4. Yields and physical-chemical indices of spiroacetals prepared by condensation of С3-Н7 

alkylcyclopentanones with propantriol (molar ratio ketone:propantriol 4:1, T-110-

130C , a quantity of the catalyst 4% from mass of reagents, τ-3.5 h) 

№ 

Spiroacetal  
Yield 

% 

B.p., 

С/mm.m

erc.c 

  
     

   
Name  Formula  

1. 2-hydroxymethyl-1,4-

dioxaspiro[4,4]nonan 
 

76.4 

 
109-110/5 1.1293 1.4721 

2. 2-hydroxymethyl-5-

propyl-1,4-dioxaspiro 

[4,4]nonan 
 

72.3 

 
115-118/5 0.9915 1.4521 
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Cont. of Tab.4 

3. 2-hydroxymethyl-5-butyl-

1,4-dioxaspiro[4,4]nonan  

 

70.2 120-124/5 0.9892 1.4560 

4. 2-hydroxymethyl-5-

pentyl-1,4- 

dioxaspiro[4,4]nonan  

 

68.7 155-158/5 1.0192 1.4748 

5. 2-hydroxymethyl-5-

hexyl-1,4-dioxaspiro 

[4,4]nonan  

 

67.5 142-145/5 1.0108 1.4750 

6. 2-hydroxymethyl-5-

heptyl-1,4-dioxaspiro 

[4,4]nonan  

 

65.4 160-162/5 1.0367 1.4753 

The prepared oxymethyl substituted products were used as the new synthetic fragrant 

substances, as well as semiproducts for oxygenate, additives to fuels. The latter ones have been 

prepared by esterification of the above-mentioned acetals with organic acids according to the 

scheme: 

 
where R

1
=H; С3H7; С4H9; C5H11; C6H13; C7H15             R2=H; CH3 

The primary organoleptic investigation has been carried out and some of the synthesized 

compounds have been recommended as components of soap compositions. 

2-hydroxymethyl-1,4-dioxaspiro[4,4]nonan. Yield – 72.3%, B.p. 109-110/5, 
20

Dn  1.4721, 

20

4d  1.1293, IR-spectrum, , cm
-1

: 1719 (С=О), 3384-3425 (ОН), 1275-1008 (С-О), NMR
1
Н-

spectrum δ, ppm.: 1.47-1.57 m (4Н, Н
6.7

), 1.67-1.92 m (4Н, Н
5.8

), 3.65 broad.s. (1Н, ОН), 3.55-

3.73 m (2Н, Н
3х,10х

 , 3.73-3.97 m (2Н, Н
3у,10у

), 3.99 d.d. (1Н, Н
2
, J3.2 8.1, Hz, J10.2 10.2 Hz), 

mass-spectrum: м/z 158 [М]
+
, found, % : С 60.56, Н 8.66, С8Н14О3. Calculated % : С 60.76, Н 

8.86, M 158. 

2-hydroxymethyl-5-propyl-1,4-dioxaspiro[4,4]nonan. Yield – 73,2%, B.p. 115-118/5, 

  
   0.9915,   

   1.4521,MRD 54,7, calc. 54.2. IR-spectrum, , cm
-1

; 1180-1050, 650. NMR
1
Н-

spectrum, δ, ppm: 0.97 t (3H, CH3)3, 1.26-1.83m (10H, 3СH2 cycle and 2 СН2 Pr), 2.13 m (1H, 
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H5, CH), 3.84-3.96 d (4 H, H
2,3

, 2CH2O) found, %; С 65.07; Н=10.25. С11Н21О3 calculated, % 

65,67 : Н 10,45. 

2-hydroxymethyl-5-butyl-1,4-dioxaspiro[4,4]nonan. Yield – 60,2%, B.p. 120-124/5,   
   

0.9892;   
   1.4560; IR-spectrum, , cm

-1
, 1140-1060, 650. NMR

1
Н-spectrum, δ, ppm, 0.97t (3Н, 

СН3), 1.24-1.82 m (12Н, 3СН2 cycle and 3 СН2 Bu), 2.13 m (1Y, Y5, CY), 3.83-3.95 d (4H, 

H
2,3

, 2CH2O), found, %; C 66.90; H 10.60.  C12H23O3, calculated, % C 66.98; H10.69. 

2-hydroxymethyl-5-pentyl-1,4-dioxaspiro[4,4]nonan. Yield – 45.0%, B.p.. 155-158/5, 
20

Dn 1.4748, 
20

4d  1.0192, IR-spectrum, , cm
-1

: 1719 (С=О), 3384-3425 (ОН), 1275-1008 (С-О), 

NMR
1
Н-spectrum δ, ppm: 0.89 t ( 3Н, Н

15
), 1.26-1.32 m (8Н,Н

10-14
), 1.36-1.62 m (2Н, Н

6
), 

1.47-1.57 m (2Н Н
7
), 1.66-1.91 m (2Н,Н

8
), 2.15 d (1Н,Н

5
, J

6.5
12.1 Hz), 3.65 broad.s. (1Н

, 
ОН) , 

3.55-3.73 m (2Н,Н
3х,10х

), 3.73-3.97 m (2Н,Н
3у,10у

), 3.99 d.d. (1Н, Н
2
, J3.2 8.1, Hz, J10.2 10.2 Hz) 

mass-spectrum: м/z 228 [М]
+
, found, % : С 68.36, Н 10.48, С13Н24О3. Calculated % : С 68.42, Н 

10.53, М 228. 

2-hydroxymethyl-5-hexyl-1,4-dioxaspiro[4,4]nonan. Yield – 38.6%, B.p.. 142-145/4, 
20

Dn 1.4750, 
20

4d  1.0108, IR-spectrum, , cm
-1

: 1719 (С=О), 3384-3425 (ОН), 1275-1008 (С-О), 

NMR
1
Н-spectrum δ, ppm: 0.89 т ( 3Н, Н

16
), 1.26-1.33 m (10Н, Н

11-15
), 1.66-1.91 m (2Н, Н

8
), 

2.15 d (1Н Н
5
, J6.5 12.1 Hz), 3.65 broad.s. (1Н

, 
ОН), 3.56-3.74 m (2Н,Н

3х,10х
), 3.73-3.97 m 

(2Н,Н
3у,10у

), 3.99 d.d. (1Н, Н
2
, J3.2. 8.1 Hz, J10.2 10.2 Hz), mass-spectrum: м/z 242 [М]

+
, found, 

% : С 69.28, Н 10.56, С14Н26О3. Calculated % : С 69.42, Н 10.74, М 242. 

2-hydroxymethyl-5-heptyl-1,4-dioxaspiro[4,4]nonan. Yield – 34.5%, B.p.. 140-150/5, 
20

Dn

1.4753, 
20

4d  1.0367, IR-spectrum, , cm
-1

: 1719 (С=О), 3384-3425 (ОН), 1275-1008 (С-О), 

NMR
1
Н-spectrum δ, ppm: 0.91 t ( 3Н, Н

17
), 1.27-1.34 m (12 Н, Н

11-16
), 1.67-1.92 m (2Н, Н

8
), 

2.16 d (1Н Н
5
, J6.5 12.1 Hz), 3.65 broad.s. (1Н

, 
ОН), 3.57-3.75 m (2Н,Н

3х,10х
), 3.74-3.98 m 

(2Н,Н
3у,10у

), 4.00 d.d. (1Н, Н
2
, J3.2. 8.1 Hz, J10.2 10.2 Hz), mass-spectrum: м/z 256 [М]

+
, found, 

% : С 70.16, Н 10.82, С15Н28О3. Calculated % : С 70.31, Н 10.94, М 256. 

Conclusion 

 Thus, on the basis of the obtained data, it can be concluded that the natural perlite can be 

used as the heterogeneous catalyst by metal salts for condensation of cyclopentanone and its С3-

С7 alkyl derivatives with propantriol. The most effective for this purpose are the catalysts 

modified with zirconium salts. The growth of yield of spiroacetal is 76.4%. 
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