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Abstract 

Gadolynium-containing derivatives of polyoxophosphoric molybdenum 

acid prepared on a mesoporous carbon material obtained from CCl4 and 

aluminum metal have been prepared. The synthesized samples were 

characterized by methods of X-ray phase analysis, IR-Fourier spectroscopy, 

scanning electron microscopy. The condensation of alkyl derivatives of 

cyclopentanone and ethylene glycol in the presence of polyoxomolybdates 

containing rare earth elements supported on carbon material have been 

studied, and optimal conditions for the yield of the corresponding 

spiroacetals have been found. To achieve high conversion of ketones and 

selectivity for acetals, condensation was carried out with the participation 

of azeotropically forming solvent, benzene, toluene, isooctane or a mixture 

of xylene isomers with a molar ratio of ketone: diol 1:1.5-2. In the case of 

using benzene as an azeotropically forming solvent, condensation occurs at 

a temperature of 70-80 °C for 6-7 h. In this case, self-condensation of 

ethylene glycol to 1,4-dioxane substantially competes with the 

condensation reaction of 3-methylcyclopentanone and ethylene glycol. 

With increasing temperature in the range of 90–130 °C in the presence of 

other solvents, the selectivity of the reaction over spiroacetals increases. 

The results of the studies show that the maximum yield of acetals is 

achieved when isooctane is used as a solvent in the presence of gadolinium 

polyoxomolybdate at a temperature of 120-125 °C and is 64.3-69.1%. The 

synthesized spiroacetals have a jasmine odor with various shades and have 

the ability to be used as aromatic compounds and flavorings for various 

purposes 
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Introduction 

The acetalization reaction of aldehydes and ketones is widely used in fine organic 

synthesis for protecting the carbonyl groups and producing dioxolanes with different functional 

groups and alkyl radicals 1. These compounds are used as components of fragrant 

compositions in perfumery 2, food flavors 3, in the manufacture of pharmaceuticals 4, 

promising monomersand biologically active compounds and biodegradable insecticides in 
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argochemistry 5. More widely used are alicyclic spiroacetals and benzodioxolanes 6. 

In the synthesis of these compounds, acid catalysts or complex compounds of noble metals 

(Pt, Pd, Ru etc.) are traditionally used, the isolation and reuse of which complicates the 

technology and is associated with high material cost 7. 

The recently a number of data emerged on the condensation of C5-C6 alicyclic ketones and 

C2-C4-dihydric alcohols with the participation of various homogeneous and heterogenized 

transition metals of group V-VIII 8. 

These results indicate the condensation of alkyl derivatives of cyclopentanone by ethylene 

and propylene glycols from the REE-containing polyoxomolybdates, supported on a carbon 

material (RPOM). 

This work aimed to the condensation of alkyl derivatives of cyclopentanone by ethylene 

and propylene glycols in the presence of the REE-containing polyoxomolybdates (RPOM) on 

microstructured carbon material. 

Experimental Part 

All inorganic and organic compounds from Aldrich Chemical Co. (St Louis, MO) were 

used as received. The structures of the synthesised polyoxocomplexes were studied using various 

analysis methods. 

REE (Gd, Nd, La, Pr)-containing polyoxomolybdates were prepared by mixing aqueous 

solutions of 0.620 g (0.5 mmol), (NH4)6Mo7O244H2O, 0.91 g (2 mmol) Gd (NO3)36H2O, 1 g of 

85% H3PO4 (8.6 mmol) and 1.5 g of mesoporous carbon material at a temperature of 85-90ºC for 

8 h. followed by evaporation of the suspension and heat treatment at 150-180ºС. The carbon 

material of AG-3 grade or carbon obtained by our interaction of CCl4 and metallic ammonium 

was used as a carrier 9.The yield of catalyst is 3.2 g. 

The condensation reaction was carried out in a thermostated glass reactor with a volume of 

100 ml, equipped with a thermometer, a reflux condenser and a Dean-Stark receiver. The reactor 

was simultaneously charged with REE-containing polyoxomolybdate (0.05 mmol), ketone (0.1 

mol), ethylene glycol (0.15 mol) and toluene (30 ml) as a solvent. The mixture was heated until 

the calculated amount of water was completely recovered. The reaction was monitored by the 

GLC method. Then the organic layer was separated from the catalyst, dried with Na2SO4 and the 

desired product isolated by atmospheric-vacuum distillation. 

Characterization of spiroacetals and polyoxomolybdates 
After drying of the products of condensation, all samples were characterized using infrared 

(IR), 
1
H NMR and 

13
C NMR spectroscopies. 

1
H NMR and 

13
C NMR spectra of spiroacetals were acquired on a BRUKER-Fourier 

spectrometer (Germany) at room temperature and a frequency of 300.18 MHz. Deuterated 
benzene was used as an internal solvent.  

The synthesized polyoxomolybdates were analysed using XRD, with diffractograms 
recorded using MiniFlex (Rigaku) X-ray diffractometer. Crystal structure of the prepared 
catalysts was determined using a S–3400 N scanning electron microscope equipped with an 
Oxford Instruments NanoAnalysis microanalysis system. IR spectra were recorded using a 
Vertex (Bruker) spectrometer at 100-4000 cm

–1
.  
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Results and Discussions 
Condensation of alkylcyclopentanones and dihydric alcohols were carried out in the 

presence of polyoxomolybdates containing REE. The influences of various factors such as the 
nature of polyoxomolybdates and solvents, reaction temperature on the obtained spiroacetals 
were studied. The results are given in Tab. 1 and Tab. 2. 

However, although homogenous catalysts have high activity and selectivity, their 
efficiency is low. This is due to the volatility of the ligand during the reaction of the catalyst and 
the difficulty of its categorization and reuse. The latter is mainly soluble by the heterogeneous 
catalyst. According to the results in Tab.1, it is desirable to take up the polyoxomolybdate 
supported  on the carbon material for subsequent experiments. 

The carbon materials used by us as a carrier are characterized by the presence of micro-(d 

2nm), meso-(2d50 nm), supermicro (0.7d2 nm) and ultramicropores (d 0.7 nm). (NH4) 

6Mo7O24, RE compounds Gd(NO3)3, Pr(NO3)3, NdCl3 or LaCl3, and then solutions of H3PO4 

and H2O2, heat treatment at 110-140 °C, REE derivatives of polyoxomolybdate with functional 

groups of the surface are formed (hydroxyl, carboxyl , carbonyl etc.) 10. 

Table 1. Condensation of 3-methylcyclopentanone (3-MCP) and ethylene glycol (EG) with the 

participation of heterogeneous galanolinium-polyoxomolibdate catalyst 

(ketone:diol=1:2, T=90ºC, =3 h, solvent-toluene, mketone=0,1 mole, mcat= 1mmole 

Mo
n+

) 

Supporter 

Conversion 

of ketone, 

% 

Conversion 

of Diol*, % 

Composition of catalyzate Selecti-

vity, % spiroacetal hemiacetal 1,4-dioxane 

AG-3 carbon 43.2 64.0 74.8 12.3 12.9 87.6 

 Carbon of 

obtained from 

reaction 

CCl4+Al  

46.0 68.3 76.4 10.7 12.9 89.0 

HNa-Mor 33.4 42.4 80.0 11.5 8.5 88.7 

HNa-MFİ 29.3 37.6 82.5 9.6 7.9 90.6 

Nano-TiO2 38.6 42.5 86.6 10.3 3.1 90.5 

-Al2O3 22.7 50.3 59.2 14.2 26.7 82.4 

The IR spectra of synthesized catalytic systems with the participation of 

(MoO2)0,5PMo14O42 contain intense absorption bands (AB) in the 938, 884, and 854 cm
-1

 regions 

attributed to the Mo=O bond in MoO
3+

, 1004, 1028 and 1057 cm
-1

, characteristic of the PO4
3

 

group. As shown in Figure 3, the IR spectra have characteristic bands at 118, 264, 339, 378, 860 

cm
−1

 corresponding to valence vibrations of O–Mo–O–Me band. Low-intensity ABs can be 

attributed to the Me-O (Me = Gd, Nd, La, Pr) bonds, in the range of 720-705 and 580 cm
-1

. In the 
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IR spectrum of the complex prepared on the basis of (NH4)6Mo7O24, the AB of the molybdenyl 

group differs markedly and emerges at 959 and 860 cm
-1

. Probably, in this case, the Mo=O group 

refers to the MoO
4+ 

fragment of the complex. 

In the IR spectra of the samples, along with the above, new ABs appear at 927 and 895 

cm
1

 assigned to the fragments of MoO
2+

 and MoO
3+

. As can be seen, the absorption band is 

observed at 1557 cm
1

characteristic to valence vibrations of the fragment C

O

 (Fig 1.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. IR spectra of GdPOM (A-GdPOM, B-peroxo form of GdPOM, C- GdPOM/CC) 

The morphology and microstructure of the obtained product were further investigated by 

scanning electron microscopy (SEM). Fig. 2 shows a typical SEM image of the prepared 

complexes. The surface morphology of the polyoxometalate samples characterized by a 

developed surface consisting of fragments of 1-3 μm. The collapse of the structure of the source 

polyoxomolybdate complex is also confirmed by X-ray phase analysis of individual samples. 

 
Fig.2. Microphotograph of the system- GdPO4·(MoO2)0,5PMo14O42 
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Thermal behavior of the prepared catalysts was monitored by thermogravimetric analysis. 

The TGA curves indicate weight loss regions at 140-190C (I), 190-540C (II), and above 540C 

(III). There is no any considerable weight loss below 200 C due to the removal of associated 

water which is in good agreement the results of FTIR spectroscopy of the hydrophobic nature 

of the catalyst. The second step of weight loss in the range of 190-540C is ascribed to the 

thermal decomposition of cations Gd
3+

. The third step of weight loss at 570C is attributed to the 

collapse of the Keggin structure and the formation of molybdenum oxide. This process is 

exothermic as can be seen in the corresponding DSC curve in this region. 

Analysis and quantity of the interplanar spacings, calculated on the values for 2Ɵ by 

diffractogram showed the presence of mainly 2 phases: GdPO4H2O (d=4.04; 2.978; 2.79; 2.057; 

1.82А), and (MoO2)0,5PMo14O42 (d =3.30; 6.325; 2.74; 2.50 А). The same were obtained when 

analyzing other REE containing samples of polyoxomolybdate (Fig.3). 

 

Fig.3. The diffractogram of the catalytic system GdPO4H2O(MoO2)0,5PMo14O42 

 

The yields of spiroacetals in the presence of synthesized complexes according to the 

scheme 1. 

 
Scheme 1. 

where R1=CH3, R2=R3=H (1a), R1=R2=H, R3=CH3 (1b), R1=R3=H, R2=n-C5 H11 (1с), n-C6 

H13(1d), n-C7H15(1e); R4=H (2a),CH3 (2b), C4H9(2c); R1=CH3, R2=R3=R4= H (3a), R3=CH3, 

R1=R2=R4= H (3b), R1=R2=R3=H, R4=C4 H9 (3c),  R1=CH3, R2=R3=H, R4=C4 H9 (3d), R3=CH3, 
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R4=C4 H9, R1=R2=H (3e), R1=R3=R4= H, R2=n-C5 H11(3f), n-C6 H13(g), n-C7 H15(h); R1=R3=H, 

R4=CH3, R2=n-C5 H11(i); n-C6 H13(j), n-C7 H15(k) essentially depends on the nature of the 

modifier (REE oxides), (Tab. 2).  

As can be seen from the data presented, the most effective samples are GdPOM. 

Table 2. The dependence of the yield of alkyl 1,4-dioxospiro derivatives4,4-nonane on the 

nature of the synthesized catalysts (ketone: ethylene glycol-1: 2, solvent-isooctane, T = 

120 °C, τ = 3h, cat.-10 wt.%) 

№ 

initial ketone 

Obtained compounds Conversion / selectivity % 

H3M* LaPO4 ·M NdPO4 ·M GdPO4 ·M PrPO4 ·M 

1a 3a 49/72 47/76 75/83 82/87 69/83 

1b 3b 67/75 61/80 77/85 88/91 72/88 

1c 3c 47/77 51/78 69/84 76/92 75/89 

1d 3d 45/80 47/80 68/82 74/89 70/86 

1e 3e 45/80 49/83 63/85 72/88 69/90 

1f 3f 42/78 43/76 64/83 70/92 64/86 

*-M-(MoO2)0,5PMo14O42·H2O 

To achieve high conversion of ketones and selectivity to acetals, condensation was carried 

out with the participation of azeotropic solvent-benzene, toluene, isooctane or a mixture of 

xylene isomers at a molar ratio of ketone: diol of 1: 1.5-2. The results of the studies (Table 3) 

show that the maximum yield of acetals is achieved when isooctane is used as a solvent at a 

temperature of 120-125 °C and is 64.3-69.1%. In this case, the self-condensation of ethylene 

glycol to 1,4-dioxane is competing with the condensation reaction of 3-methylcyclopentanone 

(3-MCP) and ethylene glycol (EG). With increasing temperature in the range 90-130° C in the 

presence of other solvents, the selectivity of the reaction with spiroacetals enhances.  

Table 3. The effect of the condensation reaction of 3-MCP and EG in the presence of 

gadolinium polyoxomolybdate (MoO2)0,5PMo14O42·H2O 

Molar 

ratio 

Ketone: 

diol 

Т, 

ºС 
, 

h. 

Conversion of 

ketone, % 

Catalysate composition, % Selectivity 

Spiroacetal Hemiacetal 
1,4-

dioxane 

By spiro-

acetal,% 

Solvent-benzol 

1:1.5 70 7.0 36.0 72.4 6.5 21.1 91.8 

1:2.0 70 7.0 38.3 70.8 5.0 24.2 93.4 

1:2.0 80 6.0 42.0 75.0 5.5 19.5 93.2 
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Cont.of Tab. 3 

Solvent -toluene 

1:1.5 90 5.0 48.4 77.4 5.6 17.0 93.3 

1:2.0 100 5.0 51.7 79.1 5.2 15.7 93.8 

1:2.0 110 3.0 64.0 83.7 6.0 10.3 93.3 

Solvent - isooctane 

1:1.5 115 3.0 64.5 83.3 4.6 12.1 94.7 

1:2.0 120 3.0 68.0 81.9 4.7 13.4 94.6 

1:2.0 125 2.5 73.4 85.1 5.2 9.7 94.2 

Solvent - m-xylene 

1:1.5 130 2.5 74.0 81.5 5.5 13.0 93.7 

1:2.0 130 2.0 77.6 77.9 6.0 16.1 90.7 

1:2.0 135 2.0 80.7 77.8 5.2 17.0 93.7 

Investigation of the dynamics of accumulation of condensation products of 3-MCP and EG 

in a solution of benzene at a temperature of 60-80 °C shows that in the initial stage of the 

reaction the rate of accumulation of hemiacetal-1-(2-hydroxyethoxy)-3-methylcyclopentane-1-ol 

exceeds the rate of formation of the corresponding spiroacetal (Fig. 4). Probably, the 

accumulation of the latter during condensation of the starting compounds proceeds through 

intermediate stages of formation of hemiacetal according to the scheme (Scheme 2): 

 

 
Fig. 4. The effect of the condensation reaction of 3-MCPand EG in the presence of gadolinium 

polyoxomolybdate GdPO4·(MoO2)0.5PMo14O42 
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Scheme 2. The proposal mechanism of the condensation of 3-MCP with EG 

The composition and structure of the synthesized spiroacetals were determined by IR, 
1
H 

NMR, and 
13

C NMR spectroscopy using spectroscopic methods. 

5-methyl-1,4-dioxospiro4,4nonane (3a) was prepared from 9.8 g (0.1 mol) of 

compound 1a and 12.4 g (0.2 mol) of ethylene glycol (2a). Yield 8.7 g (61.4%), b.p. 88-90ºC, 

26.5 kPа, 
20

Dn =1.4457, 
20

4d = 0.9812, МRD-38.57(calc.38,41). IR spectrum, , cm
1

: 2860-2855, 

s(CH2), 1465 as(CH2), 1260, 1163, 865, 849 (C-O-C) 12. 
1
Н NMR spectrum, , ppm: 

0.96 t(3Н, J=8.2 Hz), 1.26-1.81m(6Н,3 СН2 cycle), 2.30m(1Н, Н
5
, СН), 3.86-3.95m(4Н, Н

2,3
, 

2СН2О). 
13

С NMR spectrum, c , ppm:127.2 (С
9
), 64.3 (С

2
), 64.3(С

3
), 47.6 (С

5
), 38.1 (С

8
), 26.5 

(С
6
), 26.3(С

7
), 20.5 (СН3). 

6-methyl-1,4-dioxospiro [4,4nonane (3b) was prepared from 9.8 g (0.1 mol) of 

compound 1b and 12.4 g (0.2 mol) of ethylene glycol (2a). Yield 9.8 g (69.1%), b.p.89-

91С26.5 kPa, 
20

Dn =1.4472, 
20

4d = 0.9834, MRD-38.60(cal.36.60). IR spectrum, , cm
1

: 2865-

2855, s(CH2), 2840s(CH), 1460 as(CH2), 1380, 1340as(CH), 1260, 1170, 870, 

850(C-O-C). 
1
Н NMR spectrum, .ppm: 0.97 t(3Н, J=8,2 Hz), 1.35-1.87m (6Н,3СН2 cycle), 
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1.67m(1Н, Н
6
, СН), 3.90-4.07m(4Н, 2СН2О). 

13
С NMR spectrum, c ,ppm:128.3 (С

9
), 64.5 

(С
2
), 64.3(С

3
), 47.4 (С

5
), 38.0 (С

8
), 26.8(С

7
), 26.6(С

6
),  21.0(СН3). 

5-methyl-2-butyl-1,4-dioxospiro4,4nonane (3d) was prepared from 9.8 g (0.1 mol) of 

compound 1a and 23.6 g (0.2 mol) of hexane-1,2-diol (1c). Yield 11.8 g (59.4%), b.p. 128-

130С6,6 kPa, 
20

Dn =1.4512, 
20

4d = 0.9434, MRD-56.4(cal.56.88). IR spectrum, , cm
1

: 

2860s(CH2), 2845s(CH), 1460 as(CH2), 1360, 1345(CH), 1260, 1170, 860, 848(C-

O-C) . 
1
Н NMR spectrum, .ppm: 0.89 t3Н, CH3(CH2)3, 0.96 t3Н, CH-CH3, J=8.2 Hz, 1.25-

1.90m(12Н, 6СН2 cycle), 2.27-2.30m(1Н, Н
5
, СН), 3.70-4.00m(3Н, OCH, ОСН2). 

13
С NMR, c 

, ppm.:136,0 (С
9
), 78.5 (С

2
), 70.0(С

3
), 55.0 (С

5
), 32.0 (С

10
), 27.8(С

11
), 27.0(С

6
), 23.0 (С

12
), 

20.0(С
7
), 16.0 (5-СН3), 14.0(СН3, C4H9). 

2-butyl-1,4-dioxospiro4,4nonane (3c) was prepared from 8.4 g (0.1 mol) of the 

cyclopentanone compound and 23.6 g (0.2 mol) of hexane-1,2-diol (2c). Yield 13.2 g (71.6%), 

b.p.115-116С6,6 kPa, 
20

Dn =1.4495, 
20

4d = 0.9428, MRD-52.36(cat.52.26). IR spectrum, , cm
1

: 

2960s(CH3), 2860, 2850s(CH2), 1460 as(CH2), 1365, 1340(CH), 1260, 1200, 1160, 

865,(C-O-C). 
1
Н NMR spectrum, .ppm: 0.91 t3Н, CH3,J 8.2 Hz, 1.25-1.90m (14Н, 7СН2 

cycle), 3.87m (1Н, Н
2
, СН), 3.98-4.00m(2Н, H

3
, СН2). 

13
С NMR spectrum, c, ppm:128 (С

9
), 

78.6 (С
2
), 69.5(С

3
), 40.9 (С

8
), 40.7 (С

5
), 32.0(С

10
), 27.5(С

11
),  23.0 (С

13
), 22.7(С

7
), 22.5 (С

6
), 

14.0(СН3). 

6-methyl-2-butyl-1,4-dioxospiro4,4nonane (3e) was prepared from 9.8 g (0.1 mol) of 

compound 1b and 23.6 g (0.2 mol) of hexane-1,2-diol (1c). Yield 13.1 g (66.4%), b.p.128-

130С7.0 kPa, 
20

Dn =1.4531, 
20

4d = 0.9425, MRD-56.70(cat.56.88). IR spectrum, , cm
1

: 

2965sCH3, 2860, 2850s(CH2), 1480 as(CH2), 1380, 1340(CH), 1265, 1200, 1165, 

860(C-O-C). 
1
Н NMR spectrum, .ppm: 0.90 t3Н, CH3-CH2, 0.94 t3Н, CH3-CH, J 8.2 Hz, 

1.25-1.42m(6Н, (СН2)3 cycle). 1.60-1.65m (4Н, 2СН2), 1,68m(1Н, CH-СН3), 1.82-1.90m. (2Н, 

Н
5,8

), 3,90m. (1Н, Н
2
), 3.70-4.0 m(2Н, Н

3
, СН2). 

13
С NMR spectrum, c, ppm.:125.0 (С

9
), 78.0 

(С
2
), 70,0(С

3
), 48.0 (С

5
), 38.6 (С

8
), 32.0(С

10
), 28.0(С

11
),  27.0 (С

6
), 26.8(С

7
), 23.0 (С

12
), 

21(СН3-cycle), 14.0(СН3, C4H9). 

5-pentyl-1,4-dioxospiro4,4nonane (3f) was obtained from 15.4 g (0.1 mol) of 

compound 1c and 12.4 g (0.2 mol) of ethylene glycol. Yield 14.6 g (73.6%), b.p.115-117С24 

kPa, 
20

Dn =1.4556, 
20

4d = 0.9408, MRD-56.0(cat.56.88). IR spectrum, , cm
1

: 2960sCH3, 2860, 

2850s(CH2), 1470 as(CH2), 1380, 1360(CH), 1260, 1200, 1170, 865(C-O-C). 
1
Н 

NMR spectrum, .ppm: 0.97 t3Н, CH3, J=8.2 Hz, 1.25-1.85m (14Н, 7СН2 cycle), 2.13 m (1Н, 

H
5
, СН), 3.88-4.02 d. (4Н, Н

2,3
, 2СН2О, J 7,3 Hz) (Fig 5,6,7). 
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Fig 5. IR spectrum of 5-pentyl-1,4-dioxospiro4,4nonane 

 

Fig 6. 
13

C NMR  spectrum of 5-pentyl-1,4-dioxospiro4,4nonane 
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Fig 7. 

1
H NMR  spectrum of 5-pentyl-1,4-dioxospiro4,4nonane 

4. Conclusion 

The condensation of the alkyl derivatives of cyclopentanone and ethylene glycol in the 

presence of REE-containing polyoxomolybdates supported on the carbon material (RPOM) has 

been studied and the optimal conditions for the yield of the corresponding spiroacetals have been 

found. It was determined that the yield of the obtained spiroacetals and the activity of the catalyst 

depend on the composition and the nature of the complexes. The structure of the RPOM were 

investigated using XRD, IR and NMR spectroscopies and obtained spiroacetals were studing 

using, IR and NMR spectroscopies. The highest yields of the reaction products were obtained in 

the presence of gadolinium polyoxomolybdate with the participation of the azeotrope-forming 

solvent isooctane. Synthesized compounds have a scent of jasmine direction with different 

shades. Most of them can be as fragrances and flavors for various purposes. 
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