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A number of unsaturated 4-methylene-1,3-dioxolanes were synthesized and described and their
polymerization carried out in the presence of radical initiators both in mass and in solution. It has
been established by data of IR and PMR spectra of the obtained polymers that the
homopolymerization of the synthesized monomers proceeds both with the simultaneous participation
of a methylene double bond and a dioxolane cycle with the formation of linear structural links with
ketoester fragments, and only with the participation of a methylene group with the formation of links
with dioxolane cycles as side groups. It has been revealed that the ratio of forming linear and cyclic
structural links depends on monomer concentration and polymerization temperature. It has been
established that with increase ofthe monomer concentration during polymerization in solution, the
fraction of cyclic elementary links is increased, but in all cases of polymerization, the fraction of
linear links prevails over the cyclic one. It has been found that with increase of the polymerization
temperature, the fraction of links with the opening of the dioxolane cycle in the macrocycleis
increased. The kinetics of the polymerization process was studied, and the reaction orders on
monomer and initiator revealed, and the activation energy of the process was calculated. The lower
value of the reaction order on monomers in comparison with polymerization of vinyl monomers was
explained by availability of two various types of growing radicals in the system and their participation
in the chain break reactions.

Keywords: methylenedioxolane, synthesis, radical polymerization, initiator, kinetics, polymerization
with cycle opening.
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Introduction

At present, the polymerization of cyclic
monomers taking place with the cycle opening,
attracts special attention of researchers from
both theoretical and practical points of view.
This was explained as being due to the fact that
such polymerization allows obtaining new
polymers with unusual structural links and little
accessible or practically inaccessible usual
methods of the vinyl monomers polymerization
[1-8]. With that consideration, we synthesized

new cyclic monomer compounds from the class
of methylenedioxolane compounds.

As the initial  monomers  for
polymerization, 2-methyl-2-cyclopentyl (1), 2-
methyl-2-cyclohexyl (2), 2-cyclopentylidene (3)
and 2-cyclohexylidene-4-methylene-1,3-
dioxolanes (4) have been used. They have been
synthesized by dehydrochlorination of the
corresponding chloromethyldioxolanes.

Experimental

The IR spectra were taken on device
“Cary 630 FTIR” of firm Agilent Technologies

(crystal ZnSe). The PMR spectra were taken on
spectrometer “Fourier” (frequency — 300 MHz)
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of firm “Bruker” in CCl4 solution, internal
standard — hexamethyldisiloxane, the chemical
shifts of signals are presented in a scale d(ppm.).
The purity of the synthesized compounds was

Synthesis of 2-methyl-2-cyclopenthyl-4-
chloromethyl-1,3-dioxolane [10]

The epichlorohydrin (370 g, 4 mol)
dropwise was added to a solution consisting of
methylcyclopentyl ketone (224 g, 2 mol) and
boron trifluoride ether (5.6 g, 0.04 mol) in
constant stirring. The reaction temperature was
maintained within the range of 35-40° C. After
that, the reaction mixture had been stirred for
another 3 hours at a room temperature. The
excess of epichlorohydrin was distilled off, and
then the reaction mass was distilled in a
vacuum. The yield of purposeful product was
89%, B.p.=45°C/2 mm.merc.c. ‘H-PMR-
d(ppm.) : (CDCI3) 3.45-3.60 (2H, m), 3.25-4.20
(3H, m), 1.20 (3H, s), 0.90-1.16 (9H, m).

According to a similar methodology, the
corresponding  2-methyl-2-cyclohexyl,  2-
cyclopentylidene and  2-cyclohexylidene-4-
chloromethyl-1,3-dioxolanes  were obtained
from epichlorohydrin and methylcyclohexyl
ketone, cyclopentanone and cyclohexanone.

Synthesis of 2-methyl-2-cyclopenthyl-4-
methylene-1,3-dioxolane

The solution of 27 g (0.5 mol) of sodium
methylate in DMF (100 ml) at a room
temperature dropwise was added to a mixture
consisting of 40.9 g ( 0.2 mol) of 2-methyl-2-
cyclopentyl-4-chloromethyl-1,3-dioxolanes  in
the course of constant stirring. The mixture was
stirred at the same temperature for 4 hours.
Then water (150 ml) was slowly added to the
reaction mixture, after which it was extracted
with ester (200 ml). The organic layer was
separated and dried with anhydrous MgSO,
while the solvent was distilled off. The residue
was distilled at a low pressure. The yield of

determined by a method of gas-liquid
chromatography on chromatoghraph LKhM-
8MD, the kinetics of homopolymerization was
studied by dilatometric  method  [9].

purposeful product (transparent liquid) —90%,
B.p.=52°C/10 mm.merc.c., *H-PMR- §(ppm.) :
(CDCIs) 4.20-4.45 (2H, m), 3.80-4.20 (2H, m),
1.25 (3H, s), 0.92-1.16 (9H, m).

According to a similar methodology, by
interaction  of  4-chloromethyl-2-methyl-2-
cyclohexyl, 2-chloromethyl-2-cyclopentylidene,
2-chloromethyl-2-cyclohexylidene-1,3-
dioxolanes with  sodium  methylate, 4-
methylene-2-methyl-2-cyclohexyl, 4-
methylene-2-cyclopentylidene and 4-methylene-
2-cyclohexylidene-1,3-dioxolanes were
obtained, respectively.

Polymerization of 4-methylene-2-

substituted-1,3-dioxolanes

The polymerization of synthesized
monomers was carried out in sealed ampoules at
333 K. A calculated number (0,5 mol) of
monomer, dry benzene (10 ml) and AIBN (0,5%
from quantity of monomer) was loaded to an
ampoule. Then for removal of the occluded air,
the solution in the ampoules was first frozen,
vacuumed for 10-15 min., and then unfrozen.
This process was repeated several times. After
that, the ampoule was frozen, filled with
nitrogen, sealed and placed in a thermostat. The
polymerization time varied depending on the
type of monomer within 2-4 hours. After the
specified time, the ampoule was cooled, opened
and an equal quantity of solvent was added and
the obtained polymer was planted in an
appropriate precipitator (ester, alcohol or
saturated  hydrocarbon).  The  polymers
purification was carried out by reprecipitation.
The isolated polymers were dried in a vacuum
at 333 K.

Results and discussion

As noted in the experimental part, 4-
methylene-1,3-dioxolanes (1-4) were
synthesized by  dehydrochlorination  of

chloromethyldioxolanes in the presence of
sodium methylate in DMF solution at a room
temperature.
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According to the data of
chromatographic  analysis the yields of

compounds 1-4 were high (82-85%). Their
structure was confirmed by data of IR and PMR
spectroscopy.

In the IR spectra of compounds 1-4
there were characteristic absorption bands
referring to valence vibrations of C=C bond in
the field of 1645-1650 cm™. The absorption
bands in the fields of 1080-1090 and 1110-1130
cm™ characterized the availability of ether bond
of dioxolane cycle in their molecules. In the
PMR spectra of compounds 1-4 the ratio of
integral intensities of the signals at $=4.30 ppm,
protons (double bond) and 6=2.80 ppm. (protons
-OCH; group) was 3:1, that was possibly
connected with superimposition of the signal of
one proton of the methylene group on the
expanded singlet of two olefin protons.

The polymerization of the synthesized
monomers 1-4 was carried out in the presence of
initiators AIBN (dinitrileazoisobutyric acid) and
DTBP (ditertiary butyl peroxide) at various
temperatures in mass and in benzene solution.

A comparison of IR spectra of the
monomers and polymers derived from them
showed that the main links of the
macromolecular chain were linear structures
formed as a result of simultaneous opening of
the double bond and dioxolane cycle. Along
with  linear links in the chain of
macromolecules, the formation of dioxolane
cycle links as side groups was also observed.
The availability of linear structural links in the
chain of macromolecules was evidenced by the

disappearance of the absorption band in the
fields of 900-1000, 1640-1650 cm™
(deformation and valence vibrations of
vinylidene groups) available in the spectra of
the initial monomers and the appearance of a
new absorption band in the field of 1735 cm™
that characterized the ketone group. The
availability of the absorption bands in the IR
spectra of the obtained polymers in the fields of
1070-1080 cm™, 1100-1120 cm™characterized
ether bonds of the dioxolane cycle.

The availability of cyclic and linear
structural links (cyclolinear structure)in the
chain of macromolecules also confirms the data
of PMR spectra, which shows that all polymers
have the above-proposed structure. This is
evidenced by the appearance of resonance
absorptions corresponding to protons of the
methylene group, which is in the vicinity of the
ketone group (6 = 3.45 — 4.20 ppm.).

Thus, the data of spectral analyses of the
obtained homopolymers confirm that during
polymerization of monomers 1-4, the
macromolecules, which consist of both linear
structural links with ketoester fragments (1,5 —
polymerization) and cyclic links  with
preservation of the dioxolane cycle (1, 2 —
polymerization) are formed.

Conditions of the polymerization and
some characteristics of the obtained polymers
are presented in Table 1.

Also, the influence of some parameters on
the flow direction of the polymerization process
was studied.
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Tablel. Polymerizationof 2-substituted 4-methylene-1,3-dioxolanes in the various conditions.

Compounds Initiator, Tempoerature, P_olym. MW 107 Yield, % Degree of
mol.% C time, h opening

AIBN. 5.0 60 20 4.8 28 58

1 70 20 4.6 32 65
DTBP. 5.0 110 25 4.5 53 71

—"'— 120 25 4.4 S57 76

AIBN. 5.0 60 20 5.2 31 62

9 70 20 4.8 38 66
DTBP. 5.0 110 25 4.6 44 73

' 120 25 4.5 62 78

AIBN. 5.0 60 20 5.4 38 81

3 70 20 5.2 51 84
DTBP. 5.0 110 25 5.0 58 88

—— 120 25 4.8 69 91

4 AIBN. 2.0 70 20 5.8 48 83
DTBP. 2.0 120 25 5.2 76 92

As follows from data of Table 1, the
degree of the dioxolane cycle opening depends
on polymerization  temperature. With
temperature rise a part of links with dioxolane

cycle opening is increased.

The scheme of polymerization of the
synthesized monomers can be presented as
follows:
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To reveal main regularities of the radical
polymerization of the synthesized monomers 1-
4, the kinetics of the process for monomer 1 was
studied. On the basis of the data obtained for
initial stages of the polymerization where almost
all series of experiments had a linear
dependence of conversion on time, the reaction
orders for the monomer and initiator were
found.

The obtained results led to the
expression for total polymerization rate.

The reaction order on initiator in

|
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initiation of AIBN indicates to a bimolecular
break of growing macromolecular chains. The
reaction order value on monomer, less than one,
is explained similarly to work [6], by
availability of two different types of growing
radicals in the system.

The activation energy of the
polymerization corresponded to 5.84-10* J/mol.

During the polymerization of monomers
1-4 along with linear structural links in the chain
of macromolecules, the formation of links
containing dioxolane cycles was observed.
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It follows from the kinetic polymerization
scheme that the links formation rate with

dioxolane cycles is expressed by the equation:

9POL_ ez il I ., ] ®
The monomer consumption rate is expressed by the equation:
I (ol il DIm) @

Dividing equation (1) into equation (2)
and substituting a,value and guided by the

fraction of linear (f)) and cyclic (f;) structural
units are expressed by equations:

principle of quasi-stationary process, the

by r 1 [r1]
-1. Ia -1 _f—= iF — =1+
fc 1 r'rs""[M] fl 1 fc r'rs""[I”I] fi 1 Tip

where r, = Sz

ra ki'

a

If the polymer chains are long, the with linear structure f;. The values calculated on

polymer composition can be estimated by
determination of the molar fraction of links with
dioxolane cycle f. or the molar fraction of links

the basis of the obtained experimental results
(according to PMR spectra) for the f; and f; is is
shown in Table 2.

Table 2. Dependence of the polymer composition on concentration of methylenedioxolane at
various temperatures

M1 fe f 1
T, K oy | (molfrac. | (mol.frac. i K,
) ) (mol.frac)” | Ko/K, t K
0.82 0.18 0.82 1.22
333 1.64 0.25 0.75 1.33 0.101 9.90
3.28 0.32 0.68 1.47
0.82 0.16 0.84 1.19
343 1.64 0.20 0.80 1.25 0.065 15.38
3.28 0.26 0.74 1.35
0.82 0.14 0.86 1.16
353 1.64 0.22 0.82 1.22 0.048 20.83
3.28 0.27 0.78 1.28

The value found for the rearrangement
constants (r,,) means that x, >k} and was

agreed with the structure of the polymer chain.
Thus, as a result of competing reactions —
monomolecular rearrangement and
intermolecular chain growth, the polymers

containing both links with side dioxolane
groups and links with linear structureare
formed. The values found for r,, showed that

a8

the elementary links with linear structure

prevail.
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TSIKLOALKIL 9VOZLI METILENDIOKSOLANLARIN SINTEZI VO RADIKAL
POLIMERLOSMOSI

F.X. Yusifli, Q.9. Ramazanov, A.M. Quliyev
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Bir sira doymamus 4-metilen-1,3-dioksolanlar sintez edilorok xarakterizo olunmus va onlarin
radikal inisiatorlar istirakinda kiitlodo va mahlulda polimerlogmasi aparimigdir. Alinmig
polimerlorin IQ- va PMR-spektrlorinin naticalori ilo miiayyan edilmisdir ki, sintez edilmis
monomerlarin homopolimerlosmasi ham metilen ikiqat rabitasi va dioksolan halgasinin birga
istiraki ilo ketoefir fragmentli xatti quruluslu mangalarin, ham da yalniz metilen qrupunun istiraki
ila yan qruplar kimi dioksolan tsikllori saxlayan manqalarin alinmast ilo gedir. Miiayyan edilmisdir
ki, alinan xatti va tsiklik quruluslu elementar mangqalarin nisbati monomerin qatiligindan va
polimerlasma temperaturundan asilidir. Géstorilmigdir ki, polimerlagmanin mahlulda aparildig
halda monomerin qatiliginin artirtlmasi tsiklik quruluglu elementar mangalarin payini artirir, lakin
polimerlagsmanin biitiin hallarinda xatti quruluslu manqalarin pay: tsiklik qurulusdan iistiin olur.
Gostarilmisdir ki, polimerlogsma temperaturunun artirilmas: makromolekul zancirinda dioksolan
tsiklinin qirilmasi ilo alinan mangalarin payimin artmasina sabab olur. Polimerlasma prosesinin
kinetikasi oyranilmis, monomera va inisiatora gora reaksiyanin tartibi miiayyanlasdirilmis, hamginin
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prosesin aktiviasmoa enerjisi hesablanmisdir. Reaksiyanin monomera gora tortibinin vinil
monomerlarinin polimerlasmasi ilo miigayisada asagr olmast sistemdos iki miixtalif tip zoncirin
uzanmasini aparan radikalin olmast va onlarin zoncirin qirilma reaksiyasinda istiraki ila

alagadardir.
Acgar sozlar: metilendioksolan, sintez, radikal polimerlagma, inisiator, kinetika, tsiklin qiriimasi ilo

polimerlasma.

CHHTE3 H PA/TUKAJTBHAA IIOJIHMEPU3SALIHA IIUK/IOA/IKH/I3BAMEIEHHBIX
METH/IEH/THOKCOJIAHOB
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Cunmesuposan u 0Xapaxmepuzosan pso HenpeoeivHuix 4-memunen-1,3-0uokconanos u nposeoena ux
NOAUMEPU3AYUSL 8 NPUCYMCMBUU PAOUKATIbHBIX UHUWUAMOPOS KAK 8 Mdcce, MaK u 6 pacmeope. Jannvimu
UK- u [IMP- cnexmpog noiyueHHbiX NOAUMEPO8 YCMAHOGLEHO, YO 20MO NOJUMEPUIAYUS CUHIMESUPOBAHHBIX
MOHOMEPO8 Npomexaen Kax ¢ 00HOBPEMEHHbIM Yuacmuem MemuieH080lU 080UHOU C853U U OUOKCOIAHOB020
YUKIA ¢ 00PA308aHUEM JIUHETIHBIX CIPYKMYPHBIX 36€HbEE ¢ KEMOIDUPHLIMU (DPASMEHMAMU, MAK U MOJIbKO C
yuacmuem MemuileHO80U 2PYnnvl ¢ 00PA306AHUEM 36€HbLEE ¢ OUOKCONAHOBLIMU YUKIAMU 8 Kauyecmee
boKkosbix epynn. Bulisieneno, umo coommouwienue oo6pazylouuxcs IUHEUHbIX U YUKAUYECKUX CHPYKIYPHBIX
36EHbES 3A6UCUM OM KOHYESHMPAYUU MOHOMEPA U MEeMNepamypvl HOIUMEPUIAUUU. YCMAHOBIEHO, YMO C
NOBbLUEHUEM KOHUCHMPAYUU MOHOMEPA NPU NPOBEOCHUU NOIUMEPU3AYUL 8 PACMBEOpe 0015 YUKAUYECKUX
INEMEHMAPHLIX 36EHbEE YEEIUYUBAEMCS, HO 60 6CeX CAYYASX NOIUMEPU3AUUU OO0/ JIUHEUHBbIX 36EHbes
npeobnadoaem Had yukiuveckumu. Haildeno, umo c nogvluienuem memnepamypvl HOIUMEPUIAYUU 005
36EHbEB C PACKPLIMUEM OUOKCOIAHOB020 YUKILA 8 MAKpoyenu yseauuusaemcs. M3yuena Kunemuxa npoyecca
NOAUMEPUZAYUU, BbISGAEH NOPSAOOK PeaKyuu no MOHOMEPY U UHUYUAMOPY, A MAKICe GbIYUCTIEHA dHEPIls]
akmusayusi npoyecca. Menvulee 3Hauenue NOPAOKA peakyuu NO MOHOMEPY NO CPABHEHUI) C
noauUMepU3ayUell GUHUIOBHIX — MOHOMEPOS8 OOBACHAEMC HATUYUeM 6 Cucmeme O8YX PA3HbIX MUnos
PAcCmywux paouxanlos u yuacmue ux 6 peakyusix oopwiéa yenu.

Knrouesvle cnosa: memuneHOUOKCONAH, CUHMES, PAOUKANbHAS NOAUMEPU3AUUS, UHUUUAINOD, KUHEMUKA,
NOAUMEPUZAYUS C PACKPBIMUEM YUKILA.
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