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В данной работе обсуждается экологический подход к синтезу сополимеров (1,3,5-

триоксан-со-стирол), полученных сополимеризацией 1,3,5-триоксана (TOX) со стиролом 

(ST) в присутствии Магнит-Na+ в растворе. Магнит-Na+ представляет собой инициатор 

из монтмориллонитовой глины с обменом Na+. Этот твердый катализатор имеет много 

преимуществ. Среди них: процесс прост в использовании, экологичен и в конечном продукте 
нет следов инициатора. Мы изучали кинетику реакции по влиянию количества магнита -

Na +. Полученный сополимер охарактеризовали с помощью 1H ЯМР, ДСК и ИК-спектро-

скопии и анализа катализатора с помощью XRD. После проведения этих кинетических ис-

следований и анализов в конце можно предложить механизм реакции сополимеризации. 

Ключевые слова: экологический катализатор, стирол, 1,3,5-триоксан, магнит-Na+, поли (1,3,5-
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This study discusses an ecological approach to the synthesis of copolymers (1,3,5-trioxane-
co-styrene) obtained by copolymerization of 1,3,5-trioxane (TOX) with styrene (ST) in the presence 

of Maghnite -Na + in solution. Maghnite -Na + is a montmorillonite clay initiator with Na+ ex-

change. This solid catalyst has many advantages. Among them, the process is easy to use, environ-

mentally friendly and there are no traces of initiator in the resulting product. We studied the kinet-

ics of the reaction by the influence of the amount of Maghnite -Na+. The resulting copolymer was 
characterized by 1H NMR, DSC and IR spectroscopy and analysis of the catalyst by XRD. After 

these kinetic studies and analyzes have been carried out, a copolymerization reaction mechanism 

can be proposed at the end. 
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INTRODUCTION 

Attempts are being made to improve the prop-

erties of polystyrene by adding other monomers such 

as 1,3,5-trioxane, styrene-based polymers such as sty-

rene-acrylic polymers, which are used in the produc-

tion of coatings on textiles, and some other styrene-

based monomers, copolymers which have been studied 

and developed [1]. Researchers around the world are 

striving to minimize the cost of polystyrene production 

through the use of inexpensive, recyclable and non-

toxic catalysts. One of these acid-activated catalysts is 

montmorillonite, which is the subject of particular at-

tention in various chemical processes because of its en-

vironmental compatibility, low cost, selectivity, ther-

mal stability, and reusability [2]. Montmorillonite is 

used as a catalyst [3-4] or as a catalytic carrier [5-6]. 

Indeed, acid-treated montmorillonite is one of the acid 

catalysts widely studied in many organic transfor-

mations, such as isomerization [7], alkylation [5-6-7], 

acylation [9], and polymerization [10].  

The acid property of montmorillonite can be 

easily altered by replacing of the crystalline structure 

[10-11]. It has been reported that aluminium, iron and 

tin ion-exchanged montmorillonites are strongly acidic 

and efficient for several acid-catalyzed organic reac-

tions, such as aldol and Michael reactions [12-13]. Al-

most all of their clay catalysts have been either (a) acid-

treated clays such as K-10, or ion-exchanged clays 

such as Al3+, Mg2+ or H+ exchanged Wyoming or Texas 

bentonites [14]. 

Many catalysts can catalyze the ring opening 

polymerization reaction of epoxy resins and aromatics. 

Here are some examples of these catalysts: boron tri-

fluoride [15], 12-tungstophosphoric acid [16], trifluo-

ride-boron ether complexes [17], sulfonic superacids 

[9-18], Pd (II) and Ni (II) α-diimine [19], metal alkyls 

[19] [20], heteropoly acid [21], metal complexes [22-23] 

and 2-iodimidazolium salts [24].  

Recently, an Algerian proton exchanged mont-

morillonite clay called Maghnite-Na+, a new nontoxic 

cationic initiator, was used as a catalyst for cationic 

polymerization of a number of vinylic and heterocyclic 

monomers [25-26], which is environmentally friendly, 

strong and can be recovered by simple filtration [27]. 

In this work we are interested in the copolymerization 

of 1,3-dioxolane with styrene catalyzed by a clay-

based catalyst. called Maghnite Na+. 

Maghnite has already been used, for refining 

sugars from oils and other chemicals, so this work was 

also done with the aim of upgrading this catalyst. 

For example, T. Higashimura [28], carried out 

copolymerization reactions of cyclic ethers among 

them, ethylene oxide and propylene oxide with styrene, 

using (BF3.OEt2) at 30 °C as a catalyst.  

In this work we have taken this reaction and 

we are going to replace this toxic catalyst with a clay-

based catalyst called Maghnite-Na+. Techniques such 

as Infra Red (IR), Differential Scanning Calorimetry 

(DSC), Hydrogen and Proton Nuclear Magnetic Reso-

nance (1H NMR), were used to characterize the prod-

ucts of the reaction. The effects of the amounts of the 

Maghnite-Na+ on the synthesis of poly (ST-co-TOX) 

are also discussed. 

EXPERIMENTAL 

Preparation of Maghnite-Na+ 

Maghnite-Na+ was prepared according to the 

process reported in our previous study [29]. The raw 

maghnite was put in an Erlenmeyer flask with 500 mL 

of 1 M NaCl solution. The mixture was stirred with a 

magnetic stirrer until saturation in 24 h at room tem-

perature.  

The maghnite-Na+ was then washed with water 

to be free of chloride ions, and it was dried at 105 °C. 

Copolymerization and products characterization 

In a 50 ml beaker, 1,3,5-Trioxane (TOX) 

(0.3 mol) and Styrene (ST) (0.3 mol) induced by Ma-

ghnite-Na+ (0.25 M) were a chosen amount of Ma-

ghnite-Na+ was added at room temperature 40 °C and 

CHCl3 as solvent (Fig. 1). The weight ratio was kept 

constant in all flasks. After the required time was 

reached, an aliquot of the reaction mixture was then re-

moved in such a manner as to exclude any clay min-

eral, and then dried by evaporation to remove solvent 

and remaining monomer (Table 1).
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Fig. 1. Styrene (ST) polymerization reaction with 1,3,5-Trioxane (TOX) 

Рис. 1. Реакция полимеризации стирола с 1,3,5-триоксаном  

 
Table 1 

Experimental conditions for the copolymerization of 

(TOX) with (ST), in the presence of Maghnite-Na+ and 

CHCl3 (0.25M) 

Таблица 1. Экспериментальные условия сополиме-

ризации 1,3,5-триоксана со стиролом в присутствии 

Maghnite-Na+ и CHCl3 (0,25 М) 

ST (mol) TOX (mol) Reaction time (h) 

0.3 mol 0.3 mol 12 

 

Characterization 

Measurements of 1H NMR spectra were con-

ducted in CDCl3 solution, under ambient tempera-

ture on an AM 300 FT Bruker spectrometer. IR ab-

sorption spectrum was recorded on Bruker FT-IR in-

strument alpha. X-ray diffraction (XRD) for Ma-

ghnite-Na+, obtained on D8 Advance Bruker AXS 

X-ray diffractometer. 

Mechanism of Polymerization 

Natural montmorillonite has the potential for 

efficient electrolytic modification of 2D layered nano-

materials [30], the Maghnite-Na+ is ion-exchanged 

montmorillonite sheet silicate clay. The montmorillo-

nite lattice is composed of layers made up of two silica 

tetrahedral sheets with a central alumina octahedral 

sheet [31-32]. The sodium ion Na+ carried by Ma-

ghnite-Na+ in the interlayer space induce cationic 

polymerization, and the montmorillonite sheets play 

the role of counter-anions (Fig. 2). 

 

 
Fig. 2. Schematic representation of Maghnite-Na+ 

Рис. 2. Схематичный вид Maghnite-Na+ 

 

RESULTS AND DISCUSSION 

Characterization of the Catalyst (XRD) 

The increase in basal spacing from d = 11.45 Å 

in “raw-Maghnite” (Fig. 3), characteristic of a single 

water layer between the sheets, to a d = 16.06 Å value 

in Maghnite-Na+ (Fig. 3) for two interlamellar water 

layers reflects the changes in interlayer cation and its 

associated hydration state as a result of the treatment 

[32-33]. 

The elementary analysis of Maghnite-Na+ 

shows that there is an excellent correlation between the 

salt treatment and the catalytic activity of Maghnite-

Na+ [34], We suppose that sodium exchange of "raw-

Maghnite" reduces the octahedral content (Al2O3) 

which causes an increase in the proportion of silica 

(SiO2) [35-36]. 

Effect of the amount of Maghnite-Na+ on the copoly-

merization 

We can see from (Fig. 4) that the yield in-

creases as the proportion of Maghnite-Na+ 0.25 M in-

creases (experiments 1, 2, 3). Indeed, using various 

amounts: 2.5%, 5%, and 10% by weight, the copoly-

merization was carried out in bulk at 40 °C. The copol-

ymerization rate increased with the amount of Ma-

ghnite-Na+, in which the effect of catalyst as a cationic 

catalyst of TOX and ST is clearly shown. This phe-

nomenon is probably the result of an increase in the 

number of "initiating active sites" responsible for in-

ducing polymerization, a number that is pro rata to the 

amount of catalyst used in reaction [37]. 

Characterization of products 
1H NMR Analysis 
1H NMR spectra of polymer was recorded in 

CDCl3 using a Brucker AM 300 MHz apparatus at 25 °C 

and gives the following information.  On the 1H NMR 

spectrum of polymer in (Fig. 5), several peaks appear: 

Interpretation of Infrared analysis 

The product obtained from copolymerization 

of TOX with ST was analyzed after purification by IR, 

and gave the spectrum in Fig. 6, which shows the ex-

istence of: 
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1. Phenyl in styrene occurs in three absorption 

bands, one at the approximately 1493.37 cm-1 for the 

(C=C), another at 3027.39 cm-1 and 3060.95 cm-1 for 

(C-H) and the last at 697.56 cm-1 and 750.92 cm-1 for 

the in-plane strain of (C-H). 

2. A strong absorption band around 1026.77 cm-1 

corresponds to the ether function (C-O-C). 

3. Medium intensity bands located between 

2856.40 cm-1 and 2925.16 cm-1 correspond to the 

asymmetric vibration (C-H) of the methylene group. 

4. Double olefin bonds-CH=CH- appear at 

1601.67cm-1. 

5. The alcohol -OH function characterized by 

a weak band which appears at 3466.32 cm-1. 

 

 

Fig. 3. XRD diffraction of Maghnite-Na+ and XRD diffraction of raw Maghnite 

Рис. 3. Рентгенограмма Maghnite-Na+ и необработанного Maghnite 

 
 

Table 2 

Mass yield values as a function of the percentage of Ma-

ghnite-Na+ 

Таблица 2. Массовый выход как функция процент-

ного содержания Maghnite-Na+ 

Catalyst % Yield% 

2.5 26 

5 41 

10 46 

 

 
Fig. 4. Effect of Maghnite-Na+ amount on the copolymerization 

of ST with TOX 

Рис. 4. Влияние количества Maghnite-Na+ на сополимериза-

цию стирола с 1,3,5-триоксаном 

 

 
Fig. 5. 1H- NMR spectrum of poly (TOX-co-ST) in CDCl3 

Рис. 5. 1Н ЯМР спектр сополимера стирола с 1,3,5-триокса-

ном в CDCl3 

Table 3 

Results obtained by 1H NMR  

Таблица 3. Результаты 1Н ЯМР 

Index Nature of proton Monom δ (ppm) 

A Ph-CH-CH2- ST 1.9 

B Ph-CH- ST 1.3 

C -O-CH2-O- TRO 5.2 

D -CH=CH-Ph ST 5.3 

E, =CH-Ph ST 5.8 

F 2H (ortho to phenyl) ST 6.9 

G,H H (in meta and in para of phenyl) ST 7.1 

I OH TRO 3.7 
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Fig. 6. IR spectrum of poly (TOX-co-ST)  

Рис. 6. ИК спектр сополимера стирола с 1,3,5-триоксаном 

 

DSC Analysis 

The study of the degradation of polymers (Fig. 7) 

can most often influence the factors that improve their 

thermal stability, and also make it possible to better de-

termine the area of their application. DSC analysis of 

the polymer gives a glass transition temperature of 

113.4 °C, which proves that we have one compound. 

 

 
Fig. 7. DSC thermogram of poly (TOX-co-ST) 

Рис. 7. ДСК кривая сополимера стирола с 1,3,5-триоксаном 

 

 
Fig.8. Reaction mechanism of poly (TOX-co-ST) 

Рис. 8. Механизм образования сополимера стирола с 1,3,5-триоксаном 

 

CONCLUSIONS 

The present work shows that: 

the Maghnite was modified using an ion ex-

change process to obtain Maghnite-Na+ (sodium ex-

change process) that is a non-toxic catalyst. XRD 

proved that this clay belonged to the montmorillonite 

family, this copolymerization was found to be initiated 

by Maghnite-Na+ powder in heterogeneous phase. The 

structure of the monomer and the polymer are con-

firmed by FT-IR, 1H NMR. Maghnite-Na+, a proton ex-

changed montmorillonite clay, is an effective initiator 

for the copolymerization of 1,3,5-Trioxane with Sty-

rene. Studies carried out on the effect of the amount of 

catalyst on the synthesis of poly (TOX-co-ST) proved 

the effectiveness of Maghnite and the copolymeriza-

tion rate increased with the amount of Maghnite-Na+. 

The polymerization proceeds smoothly by a very sim-

ple procedure, and a simple filtration is sufficient to re-

cover the catalyst. 
 



 

N. Hamam et al. 

 

ChemChemTech. 2021. V. 64. N 8  77 

 

 

R E F E R E N C E S  

Л И Т Е Р А Т У Р А  

1. Slepchuk I., Semeshko O.Ya., Asaulyuk T.S., Saribekova 

Yu.G. Investigation of impact of crosslinking agents on char-

acteristics of spatial net and properties of styrene-acrylic pol-

ymer films. ChemChemTech [Izv. Vyssh. Uchebn. Zaved. 

Khim. Khim. Tekhnol.]. 2018. V. 61. N 7. P. 68-76 (in Rus-

sian). DOI: 10.6060/ivkkt.20186107.5670.  

Слепчук И., Семешко О.Я., Асаулюк Т.С., Сарибекова 

Ю.Г. Исследование влияния сшивающих агентов на ха-

рак-теристики пространственной сетки и свойства сти-

рол-акриловых полимерных пленок. Изв. вузов. Химия и 

хим. технология. 2018. Т. 61. Вып. 7. С. 68-76. DOI: 

10.6060/ivkkt.20186107.5670. 

2. Reddy C.R, Bhat Y.S., Nagendrappa G., Prakash B.S.J. 
Brønsted and Lewis acidity of modified montmorillonite clay cat-

alysts determined by FT-IR spectroscopy. Catalysis Today. 2009. 

V. 1417. P. 157–160. DOI: 10.1016/j.cattod.2008.04.004. 

3. Vaccari A. Clays and catalysis: a promising future. Appl. Clay Sci. 

1999. V. 14. P. 161–198. DOI: 10.1016/S0169-1317(98)00058-1. 

4. Breen C. Thermogravimetric Study of the Desorption of Cy-

clohexylamine and Pyridine from an Acid-Treated Wyoming 

Bentonite. Clay Miner. 1991. V. 26. P. 473–486. DOI: 

10.1180/claymin.1991.026.4.03. 

5. Rhodes C.N., Franks M., Parkes G.M.B., Brown D.R. The 

effect of acid treatment on the activity of clay supports for 

ZnCl2 alkylation catalystsю. J. Chem. Soc. Chem. Commun. 

1991. V. 12. P. 804–807. DOI: 10.1039/c39910000804. 

6. Rhodes C.N., Brown D.R. Surface Properties and Porosities of 

Silica and Acid-treated Montmorillonite Catalyst Supports; In-

fluence on Activities of Supported ZnCI, Alkylation Catalysts. 

J. Chem. Soc., Faraday Transact. 1993. V. 89. P. 1387–1391. 

DOI: 10.1039/ft9938901387. 

7. Yadav M.K., Chudasama C.D., Jasra R.V. Isomerisation of 

alpha-pinene using modified montmorillonite clays. J. Molec. 

Catal. A: Chem. 2004. V. 216. P. 51-59. DOI: 10.1016/j.mol-

cata.2004.02.004. 

8. Hart M.P., Brown D.R. Surface acidities and catalytic activ-

ities of acid-activated clays. J. Molec. Catal. A: Chem. 2004. 

V. 212. P. 315–321. DOI: 10.1016/j.molcata.2003.11.013. 

9. Jasra R.V. Solid acid catalyst for acylation of aromatics. Bull. 

Catal. Soc. India. 2003. V. 2. P. 157-183.  

10. Belbachir M., Bensaoula A. Composition and method for ca-

talysis using bentonites. US Patent. 2001. 6,274,527. 

11. Izumi Y., Onaka M. Organic Syntheses Using Aluminosilicates. 

Adv. Catal. 1992. V. 38. P. 245-282. DOI: 10.1016/S0360-

0564(08)60008-5. 

12. Hosokawa Y., Higuchi K., Izumi Y. Acidity comparison be-

tween ion-exchanged clay montmorillonites by using silyla-

tion of alcohol. Tetrahed. Lett. 1993. V. 34. P. 1171-1172. 

DOI: 10.1016/S0040-4039(00)77519-8. 

13. Kawai M., Onaka M., Izumi Y. Clay montmorillonite: an effi-

cient, heterogeneous catalyst for Michael reactions of silyl ketene 

acetals and silyl enol ethers with α, β-unsaturated carbonyl com-

pounds. Bull. Chem. Soc. Japan. 1988. V. 61. P. 2164-2175. DOI: 

10.1246/bcsj.61.2157. 

14. Ballantine J.A., Davies M., Patel I., Purnell J.H., Rayanakorn 

M., Williams K.J., Thomas J.M. Catalysed by sheet silicates: 

Ether formation by the intermolecular dehydration of alcohols 

and by addition of alcohols to alkenes. J. Molec. Catal. 1984. 

V. 26. P. 37-56. DOI: 10.1016/0304-5102(84)85019-1. 

15. Kern W., Jaacks V. Trifluoride, Some kinetic effects in the 

polymerization of 1,3,5‐trioxane. J. Polymer Sci. 1960. V. 48. 

P. 399-404. DOI: 10.1002/pol.1960.1204815040. 

16. Aouissi A., Al-Othman Z., Al-Shehri H. Mechanism of the 

Polymerization of Styrene and 2.3 Dihydro-4H-Pyran Cata-

lyzed by H3PW12O40 Catalyst. Oriental J. Chem. 2015. V. 31. 

P. 1695-1701. DOI: 10.13005/ojc/310349. 

17. Imoto M., Aoki S. Cationic polymerization catalyzed by bo-

ron trifluoride‐ether complexes. Vinyl polymerization. LI. Die 

Makromolekulare Chemie. 1961. V. 48. P. 72-79. DOI: 

10.1002/macp.1961.020480108. 

18. Masuda T., Sawamoto M. Higashimura T. Cationic polymeri-

zation of styrenes by protonic acids and their derivatives, 1. Rates 

and molecular weight distributions of polystyrenes formed by 

some sulfonic superacids Die Makromolekulare Chemie. 1976. 

V. 177. P. 2981-2993. DOI: 10.1002/macp.1976.021771014. 

19. Na Y., Wang X., Lian K., Chen C. Dinuclear α- diimine 

Ni(II) and Pd(II) Catalyzed Ethylene Polymerization and Co-

polymerization. Chem.Cat.Chem. 2016. V. 9. P. 1062-1066. 

DOI: 10.1002/cctc.201601500. 

20. Otto F.D., Parravano G. Polymerization of styrene with 

TiCl3–Al(C2H5)3 and VCl3–Al(C2H5)3 catalysts. J. Polymer 

Sci. Part A: Gen. Paper. 1964. V. 2. P. 5131-5147. DOI: 

10.1002/pol.1964.100021210. 

21. Zhu H., Liu Z., An X., Lei F. Keggin heteropolyacids as cat-

alyst for the polymerization of β-pinene. Reac. Kinet. Mech. 

Cat. 2010. V. 100. P. 355-361. DOI: 10.1007/s11144-010-

0155-5. 

22. Darensbourg D.J., Choi W., Karroonnirun O. Ring Opening 

Polymerization of Cyclic Monomers by Complexes Derived from 

Biocompatible Metals. Production of Poly(lactide), Poly(tri-

methylene carbonate), and Their Copolymers. Macromolecules. 

2008. V. 41. P. 3493-3502. DOI: 10.1021/ma800078t. 

23. Lu J., Kamigaito M., Sawamoto M., Higashimura T., Deng 

Y.X. Cationic polymerization of β‐pinene with the AlCl3/SbCl3 bi-

nary catalyst: Comparison with α‐pinene polymerization. J. Appl. 

Polymer Sci. 1996. V. 61. P. 1011-1016. DOI: 

10.1002/(SICI)1097-4628(19960808)61:6<1011::AID-

APP15>3.0.CO;2-Z. 

24. Takagi K., Yamauchi K., Murakata H. Halogen Bonding-

Mediated Controlled Cationic Polymerization of Isobutyl Vi-

nyl Ether: Expanding the Catalytic Scope of 2-Iodoimidazo-

lium Salts. Chem. Eur. J. 2017. V. 23. P. 9495-9500. DOI: 

10.1002/chem.201702455. 

25. Moulkheir A., Belbachir M., Rahmouni A. Selective Synthesis, 

Characterization and Kinetics Studies of poly(α-Methyl styrene) in-

duced by Maghnite-Na+ Clay (Algerian MMT). Bulletin of Chem-

ical Reaction Engineering and Catalysis. 2016. V. 11. P. 376-388. 

DOI: 10.9767/bcrec.11.3.578.376-388. 

26. Rahmouni A., Belbachir M. Green synthesis of cationic pol-

yacrylamide composite catalyzed by an ecologically catalyst 

clay called maghnite-H+ under microwave irradiation. Bull. 

Chem. React. Eng. Catal. 2016. V. 11. P. 170-175. DOI: 

10.9767/bcrec.11.2.543.170-175. 

27. Ferrahi M.I., Belbachir M. Polycondensation of Tetrahydro-

furan with Phthalic Anhydride Induced By a Proton Ex-

changed Montmorillonite Clay. Internat. J. Molec. Sci. 2003. 

V. 4. P. 312-325. DOI: 10.3390/i4060312. 

28. Higashimura T., Tanaka A., Miki T., Okamura S. Copoly-

merization of trioxane with styrene catalyzed by 

BF3·O(C2H5)2. J. Polymer Sci. Part A-1: Polymer Chem. 

1967. V. 5. P. 1927-1936. DOI: 10.1002/pol.1967.150050810. 

29. Belbachir M., Bensaoula A. Composition and method for ca-

talysis using bentonite. US Patent. 2006. 7,094,823 (B2).  

https://www.researchgate.net/journal/Bulletin-of-Chemical-Reaction-Engineering-and-Catalysis-1978-2993
https://www.researchgate.net/journal/Bulletin-of-Chemical-Reaction-Engineering-and-Catalysis-1978-2993


 

Н. Хамам и др. 

 

78   Изв. вузов. Химия и хим. технология. 2021. Т. 64. Вып. 8 

 

 

30. Butman M.F., Ovchinnikov N.L., Karasev N.S. Electric 

conductivity of Li+ -doped pillared montmorillonite. Chem-

ChemTech [Izv. Vyssh. Uchebn. Zaved. Khim. Khim. 

Tekhnol.]. 2017. V. 60. N 9. P. 82-91 (in Russian). DOI: 

10.6060/tcct.2017609.5591.  

Бутман М.Ф., Овчинников Н.Л., Карасев Н.С. Электропро-

водность Li+-допированного пилларного монтморилло-

нита. Изв. вузов. Химия и хим. технология. 2017. Т. 60. 

Вып. 9. С. 82-91. DOI: 10.6060/tcct.2017609.5591. 

31. Rhodes C.N., Brown D.R. Catalytic activity of acid-treated 

montmorillonite in polar and non-polar reaction media. Catal. 

Lett. 1994. V. 24. P. 285-291. DOI: 10.1007/BF00811801. 

32. Ferrahi M.I., Belbachir M. Cyclic polyesters prepared by 

poly (oxypropylene oxymaloyl) ring-chain reactions. Exp. 

Polymer Lett. 2007. V. 01. P. 24-26. DOI: 10.3144/express-

polymlett.2007.5. 

33. Adler M., Mader U.K., Waber H.N. High-pH alteration of ar-

gillaceous rocks: an experimental study. Schweizerische Min-

eralogische und Petrographische Mitteilungen. 1999. V. 79. 

P. 445-454. 

34. Baldwin D.R., Marshall W.J. Heavy metal poisoning and its 

laboratory investigation. Ann. Clin. Biochem. 1999. V. 36. 

P. 267-300. DOI: 10.1177/000456329903600301. 

35. Chmielarz L., Kowalczyk A., Wojciechowska M., Boroń 

P., Dudek B., Michalik M. Montmorillonite intercalated with 

SiO2, SiO2-Al2O3 or SiO2-TiO2 pillars by surfactant-directed 

method as catalytic supports for DeNOx process. Chem. Pa-

pers. 2014. V. 68. P. 1219-1227. DOI: 10.2478/s11696-013-

0463-0. 

36. Modabberi S., Namayandeh A., López-Galindo A., Vis-

eras C., Setti M., Ranjbaran M. Characterization of Ira-

nian bentonites to be used as pharmaceutical materials. 

Appl. Clay Sci. 2015. V. 116–117. P. 193-201. DOI: 

10.1016/j.clay.2015.03.013. 

37. Ferrahi M.I., Belbachir M. Preparation of Poly(oxybutyl-

eneoxymaleoyl) Catalyzed by a Proton Exchanged Montmo-

rillonite Clay. Molecules. 2004. V. 09. P. 968-977. DOI: 

10.3390/91100968. 

38. D’Ascenzio M., Carradori S., De Monte C., Secci D., Ceruso 

M., Supuran C.T. Design, synthesis and evaluation of N-substi-

tuted saccharin derivatives as selective inhibitors of tumor-associ-

ated carbonic anhydrase XII. Bioorg. Med. Chem. 2014. 22(6). 

Р. 1821-1831. DOI: 10.1016/j.bmc.2014.01.056. 

39. Aslam M.A.S., Mahmood S., Shahid M., Saeed A., Iqbal J. 

Synthesis, biological assay in vitro and molecular docking 

studies of new Schiff base derivatives as potential urease in-

hibitors. Eur. J. Med. Chem. 2011. 46(11). P. 5473-5479. 

DOI: 10.1016/j.ejmech.2011.09.009. 

40. Somogyi L. Synthesis, Oxidation and Dehydrogenation of Cyclic 

N,O- and N,S-Acetals. Part III. [1,2] Transformation of N,O-Ac-

etals: 3-Acyl-1,3,4-Oxadiazolines. J. Heterocycl. Chem. 2007. 

44(6). Р. 1235-1246. DOI: 10.1002/jhet.5570440603. 

41. Singh A., Sahoo S.K., Trivedi D.R. Colorimetric anion 

sensors based on positional effect of nitro group for recog-

nition of biologically relevant anions in organic and aque-

ous medium, insight real-life application and DFT studies. 

Mol. Biomol. Spectrosc. 2018. V. 188. P. 596-610. DOI: 

10.1016/j.saa.2017.07.051. 

42. Abbas A., Hussain S., Hafeez N., Badshah A., Hasan A., 

Lo K.M. (E)-4-Nitrobenzaldehyde oxime. Acta Cryst. 2010. 

66(5). P.1130-1138. DOI: 10.1107/S1600536810013978. 

43. Khaligh N.G., Mihankhah T., Johan M.R. An alterna-

tive, practical, and ecological protocol for synthesis of ar-

ylidene analogues of Meldrum’s acid as useful intermedi-

ates. Res. Chem. Intermed. 2019. V. 45. P. 3291-3300. 

DOI: 10.1007/s11164-019-03796-2. 

44. Shults E.E. Semenova E.A., Johnson A.A., Bondarenko S.P., 

Bagryanskaya I.Y., Gatilov Y.V., Tolstikova G.A. Synthesis 

and HIV-1 integrase inhibitory activity of spiroundecane(ene) de-

rivatives. Bioorg. Med. Chem. Lett. 2007. 17(5) P. 1362-1368. 

DOI: 10.1016/j.bmcl.2006.11.094. 

 

 
Поступила в редакцию 26.04.2021 
Принята к опубликованию 31.05.2021 
 
Received 26.04.2021 
Accepted 31.05.2021 


