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Synthesis of novel polymers on the basis of polycondensation of diamines
with esters of tetracarboxylic acid

Polymerization of heterocyclic monomers is known to lead to the formation of polymers possessingcomplex
of predictable practically useful properties, in particular, thermoplastic and heat-resistant ones. As object of
research we used heterocyclic polyamide synthesized by polycondensation of ethyl ester of
ethylenetetracarboxylic acid with polyfunctional diamine. For our research the method of low-temperature
polycondensation which began to be applied recently was the most suitable method for obtaining polyamides.
The advantage of this method is reducing the duration of the polycondensation and the possibility of obtain-
ing products of high molar mass. Low-temperature polycondensation process is also used for obtaining unsta-
ble at the melting point polyamides with aromatic nuclei.

Key words: heterocyclic monomers, polycondensation, polyamides, thiazoles, tetracarboxylic acids,
polyfunctional diamine.

Despite the impressive progress made in the synthesis of polymers with specific properties a search of
new ways of polycondensation, establishing principles of macromolecular design, development of new ad-
vanced polymer materials, and in-depth study of their properties isstill remained of current interest. Advanc-
es in the technology of aromatic polycondensation polymers were reflected in industrial (or semi industrial)
manufacture of plastics, fibers and films on their basis, which are widely used in various fields of human ac-
tivities [1-3].

Each stage of the addition reaction does not depend on previous ones and does not affect the probability
of subsequent similar acts of addition. The reactivity of the functional groups is actually independent of the
number of units in the polymer homologue. Multifunctional products can only participate in the
polycondensation reaction leading to the obtaining of high molar mass polymers. So we mean only those
functional groups that under chosen conditions may interact with each other. Presence of two or more func-
tional groups in the starting compound is the necessary condition for the polycondensation reaction.

Linear polymer is known to be formed of bifunctional compounds polycondensation in the absence of
by-side reaction. If the starting. monomers contain three or more functional groups capable of reacting with
each other the number of functional groups in the macromolecule increases with each act of addition, so
branched polymer can be formed. Cross-linked polymers are formed at further interaction of branched mac-
romolecules.

Another necessary requiment for the polycondensation reaction is the absence of competing processes
leading to decreasing the number of functional groups.

Depending on the stability of the newly forming in polymer functional groups relative to in reaction
products of low molar mass and polycondensation conditions the process may be an equilibrium (reversible)
and'non-equilibrium (irreversible). In those cases where the newly created functional groups can interact
with the low=molar-mass reaction product polycondensation is reversible and the equilibrium constant for
eachact of addition is defined by reaction conditions, and activation energy of the reverse process.

When proceeding polycondensation practically there is no monomer in the reaction medium already at
the initial stages, and macromolecular growth occurs as a result of interaction of dimers, trimers, and then
oligomers and high molar mass compounds. It was experimentally found that the reactivity of the terminal
functional group does not decrease with increasing length of the macromolecules. Thus for the whole process
the growth rate constant remains unchanged as well as the activation energy of each stage.

Step-growth polymerization is widely used both in industrial and laboratory synthesis of polymers as
well as addition polymerization. Polycondensations were carried out in solid phase, in melt, in solution, in
emulsion, on interface, in matrices.
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For obtaining high-molar-mass polymers it is necessary to keep equimolar ratio of the reactants, to pre-
vent side reactions of functional groups, polymer thermodestruction, but in the case of equilibrium processes
low-molar-mass products must be fully removed from the reaction zone.

As initial compounds for the synthesis of the starting diamines containing a thiazole moiety, we used 2-
amino-4-phenylthiazole (I) and 2-amino-4-methylthiazole (II) synthesized according to Hantzsch reaction
scheme which are further successfully condensed with a benzaldehyde in the presence of hydrochloric acid
according to the known scheme [4, 5]. Substituents at 4-position do not affect the reaction route and conden-
sation takes place onto the 5-position.

O, O,

These compounds were obtained by Hantzsch synthesis which is interaction of a-(ketone halides) of al-
dehydes with thioamides. 2-Amino-4-phenylthiazole was synthesized by interaction of acetophenone with
thiourea in the iodine presence.
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2-Amino-4-methylthiazole was obtained-. from_ chloroacetone and thiourea. For this reaction
chloroacetone was previously synthesized by chlorination of acetone according [6].

H,C—C—CH;y + Cl;, ——» H3C—|C—CH2C1
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The presence of sulfur in aromatic cycle is equivalent to —CH:CH— group that is well illustrated by the
close similarity of physical and chemical properties between benzene and thiophenes, or thiazoles and pyri-
dines. The amino group of 2-aminothiazole in the para-position relative to the position 5.

0
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I a) R=CH,;
b) R=Ph
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Couple of decades ago tetracarboxylic acids did not find practical application, although a significant
number of them have been isolated from the products of oxidation of organic compounds or at identification
of diene systems according to Diels—Alder reaction. However, the situation was changed dramatically when
it was found that the tetracarboxylic acids and their functional derivatives may be used as starting com-
pounds for the synthesis of thermostable polymers (polyimides), plasticizers, and antioxidants, as hardeners
of epoxy resins, etc.

There are the many methods for the synthesis of carboxylic acids but for the preparation of compounds
of our interest the following ones such as oxidation of organic compounds, cycloaddition reactions, conden-
sation of dicarboxylic acids and their derivatives and syntheses with malonic ester can be used.

Ethyl ester of ethylenetetracarboxylic acid (II) obtained by heating bromomalonic ester with anhydrous
sodium carbonate was chosen as one of the monomers for the polycondensation.

0 0 0
OCHs Na,c0, 150- 1600c  ©2HsO OCHs
Br - —
OC,H; C,Hs0 OC,H;
J o 0
1l

Interest for aromatic dicarboxylic acids chlorides as monomers for the synthesis of condensation poly-
mers is due to the high reactivity in the energy interaction at low temperatures with compounds having active
hydrogen atoms (alcohols and amines) in the presence of a proton 'acceptor. The usual way of carrying out
this process called interfacial condensation is based on Shotten—Bauman classic acylation reaction of amines
and alcohols and Hinsberg’s separation of amines. The reaction occurs at the interface of the solution of
dicarboxylic acid chloride in organic solvent and an aqueous solution of a diamine or diol.

The polycondensation of compounds Ia and<Is with the compound II was carried out by high-
temperature polycondensation in DMSO according to the scheme:
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11l a) R=CH; OCH;
b) R=Ph

The IR spectra of the obtained compounds have bands typical for NH- group: (v, cm™) 3445 for Illa;
3438 for I114. This indicates the presence of substituent at aminogroup.

Solubility of Illa, b polyamides was checked in dimethylformamide, dimethylsulfoxide, tetrahydro-
furan, concentrated sulfuric acid. These polymers are insoluble in common organic solvents. All polyamides
are readily soluble in aprotic polar solvents.

Intrinsic viscosity of Illa, b polyamides is determined by means of Ubbelohde viscometer at 25 °C us-
ing a solution of the polymer in DMFA. The intrinsic viscosity is determined by the formula (1):
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[n]zélogi, (1)
C n,
where C is concentration of solution 0.5 g/100 ml; n/n, is relative viscosity.
Low intrinsic viscosity values polyamides Illa, b are due to the fact that they are obtained by high tem-
perature polycondensation. In addition, it may be connected with the low reactivity of ethyl ester of
ethylenetetracarboxylic acid, and possible partial decomposition of this compound when exposed to heating.

Experimental part

IR spectra of compounds synthesized were recorded on a spectrometer «Nicolet Avatar-360» using KBr
tablets (measurement error is 0.2 cm ).

Reactions routes and compounds individuality were monitored by TLC on standard plates «Silufol UV-
254 in the system of benzene:ethanol = 6:1. Plates were detected with a UV lamp.

Synthesis of di(2-amino-4-methylthiazyl-5)phenylmethane. A mixture of 0.1 mol of 2-amino-4-methyl-
thiazole and 10 ml of concentrated hydrochloric acid was heated up to 100 °C and poured ‘dropwise 0.05 mol
of benzaldehyde. The temperature was then raised to 150 °C and mixture was boiled«for 4 h. After cooling
the reaction mixture was dissolved in water and basified with ammonia solution until slightly alkaline reac-
tion. The precipitate was filtered under a water pump vacuum, dried and reprecipitated from DMF with wa-
ter. Product yield was 55 %. M, is 180 °C. IR spectrum, v, cm ': 3276 and 3446 (NH).

Synthesis of di(2-amino-4-phenylthiazyl-5)phenylmethane. A mixture of 0.1 mol of 2-amino-4-
methylthiazole and 10 ml of concentrated hydrochloric acid was heated up.to 100 °C and poured dropwise
0.05 mol of benzaldehyde. The temperature was then raised to 150 °C and mixture was boiled for 4 h. After
cooling the reaction mixture was dissolved in water and basified with ammonia solution until slightly alka-
line reaction. The precipitate was filtered under a water pump vacuum, dried and reprecipitated from DMF
with water. Product yield was 75 %, M, is 221 °C. IR spectrum, v, em'': 3240 and 3434 (NH,).

Investigation of solubility of ethyl ester of ethylenetetracarboxylic acid in ethanol. Yield of dried air
colorless product which melts at 52.5-53.5 °C is 95-110 g (47-55 % of theoretical value). Distilling off the
alcohol from the mother liquor, distilling residue in vacuum and recrystallization of solidified distillate can
increase the product yield to 110-115 g (55-57 % of theoretical value).

Table
Solubility of ethyl ester of ethylenetetracarboxylic acid in 100 ml of 95 % ethyl alcohol
20g at 0 °C 160¢g at 30 °C
25¢g at11°C 190 g at31°C
1.0g at'16 °C 28.0¢g at33 °C
80¢g at23 °C 350¢g at 34 °C
97¢ at 26 °C 61.0g at 36,5 °C

Synthesis of polyamides Illa, b. 1 mmol of the diamine and 1 mmol of ethyl ester of ethylene-
tetracarboxylic acid werexdissolved in dry DMSO and heated with rapid stirring for 10 hours. Then after
cooling mixture was poured into 30 ml of distilled water, the precipitated polymer was filtered and dried.
Yields of polyamides Illa, b are 64 and 68 %, respectively. IR spectrum, v, cm': 3445 (NH) for IVa;
3438 (NH) for I115.
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JLK.Conkeesa, E.K.Taiimu6ekoBa, A.K.Illu6aesa, JI.M.Cyrpanuna,
A.B.Omamesa, A.A.XXopraposa, A.K.Cankeesa

JnamMuHIepAiH TeTpakap0OH KbIIIKbLIIAPbIHBIH 3(upiepiMeH
NOJTMKOH/AEHCALMA PeaKIMACHI HeTi3iH/e »KaHa noJuMepJep CuHTe3i

[eTepounKIIbl MOHOMEpJIEP NPAKTUKAJBIK, COHBIH IIIiHIE JKbUIyFa TO3IMAI JKOHE JKbUIY IIIACTHKAJIBIK
naiganel GomKaMael KacHeTTepi Oap, KOMIUIEKCTI MOJIMMEpIepliH Ty3ulyiHe okeneTiHi Oenrimi. 3eprrey
HBICAaHBIMBI3 PETiH/E ATHICHTETPAKapOOH KBINIKBUIBIHBIH THI 3(PUPIHIH MOIH(YHKINOHAIIE JHAMIHMEH
TIOJIMKOHACHCAIMSICBIMEH CHHTE3/IeN aJIBIHFaH TeTepOIHKIIBI TOJTHAMAA KOIIaHbUIIbEL. Bi3nin 3eprreymepre
TIOJIMAMUATEP/Ii aly YIIIH aca BIHFAHJIBI SMiC PEeTiHAE TOMEHT] TeMIepaTypaiblK MONUKOHICHCAIUS Jici
TaHAanIbl. by oficTiH epexuieniri — MOJMKOHJICHCAMS Y3aKThIFbIHBIH a3alobl )KOHE JKOFapFbl MOJICKY-
JaJBIK MaccaMeH 3aTTap aly MyMKiHzirinae. COHbIMEH Katap TOMEHIT TeMIepaTypasblK MOJTMKOHAESHC AL
nporieci 6anKy Temmeparypachl Ke3iHAe TYpaKThl eMec apOMAaTHKAJIBIK SAPOJapbIMEH IOJMaMHUITEpAl ary
YIIiH Maiiianasibl.

JLK.Canbkeesa, E.K.Taiimu6ekoBa, A.K.Illu6aera, JI.M.Cyrpanuna,
A.B.OmameBa, A.A.XKopraposa, A.K.CanbkeeBa

CuHTe3 HOBBIX NIOJIMMEPOB HA OCHOBE PeAKIIUH MOJUKOHICHCALUN
AUAMHMHOB € 3(pMpamMM TeTPaKapOOHOBON KMCIOTHI

M3BecTHO, 4TO TeTepOLMKINYECKUE MOHOMEPHI NMIPUBOAAT K 00Pa3OBAHHUIO MONMMEPOB C KOMIIEKCOM IpO-
THO3UPYEMBIX IIPAKTUYECKU IOJE3HBIX CBOWCTB, B YaCTHOCTH, TEPMOCTOMKHUX M TEPMOIIACTHYHBIX.
B xauectBe 00beKTa HCCIIENOBAHMS HAMH HCIIONIBb30BAaH T'€TEPONUKINIECKHI TOJTHAaMH, CHHTE3UPOBAaHHBII
TIOJIMKOHIGHCAIINeH 3THIIOBOTO 3(Hpa STHICHTETPaKapOOHOBOM KUCIOTHI C MOIA(PYHKINOHATIBHBIM JTHAMH-
HOM. HanbGoree moaxoasmumM MeTOJOM MOTydeHUs TOJIMAMUIOB B XO/€ HAIINX HCCIIeIOBAaHMI OKa3ajcs Me-
TOJ HU3KOTEMIIEPaTypHOH MOJIMKOHAEHCAUH, KOTOPbIA Hadal HNpUMEHAThCS CPaBHUTENLHO HenaBHO. Ilpe-
HMYIIECTBOM TOTO METO/A ABJIAETCS YMEHBIICHUE JITUTENLHOCTH MOIMKOHACHCAIIMN 1 BO3MOXKHOCTD TOJTY-
YeHUs] TIPOAYKTOB C BBICOKOW MOJIEKYJIApHOW Maccoi. IIporecc HM3KoTeMIepaTypHOH MOJIMKOHAEHCALUH
TaKke HCHONB3YIOT JUISL TOJTyYeHUs] HECTaOMIBHBIX / TIpU TeMIepaType IUIaBICHHA IOJIHAMHIOB
C apOMaTUYECKUMH SAPaAMHU.
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Caenenus 00 aBTopax

CaabkeeBa JIszat KapumoBHa — 3aBeayromiasi Kageapoil OpraHndecKoil XUMUHN U TTOJIMMEPOB TOK-
TOp XMMHUYECKHX HayK, mpodeccop, Kaparanauackuii rocynapcTBeHHbI yHuBepcuteT uM. E.A.BykeToBa.

TaiimubexoBa Exatepuna KapumoBua — PhD pokropant, KaparannmHckuil rocynapcTBEHHBIH
yHuBepcuteT uM. E.A.bykerosa.

IIu6aeBa Alirepum KaiipynnaeBHa — npenonaBatenb Kadenpbl OpraHUUECKOW XMMUU U TOJIHMMe-
poB, PhD B xumun, Kaparanguackuii rocynapctBennslii yausepcureT uM. E.A.BykeToBsa.

Cyrpaauna Jlapuca MapaToBHa — JOIEHT Kadeapsl OpraHn4ecKoi XUMHH 1 MOJTUMEPOB KaHANWAAT
XUMHUUYECKUX HayK, JOIeHT, KaparaHJuHCKU rocyJapcTBEHHBIN yHUBEpcUTET UM. E.A.bykeToRa.

OmameBa Aiiman BajexaHoBHa — JOLEHT Kadeapbl OPraHMYECKONH XUMHUH U TIOJIMMEPOB, KaHIHIAT
XUMUYECKUX Hayk, KaparaHaumHCKWI ToCcynapcTBeHHbIN yHuBepcuTeT UM. E.A.bykeToBa:

KoprapoBa Aiiryiqb AMaH0eKOBHA — MarucrpanT, KaparaHawmHCKUH TOCYAapCTBEHHBIH YHUBEp-
cuteT uM. E.A . bykerosa.

CaabkeeBa Aiikan KapumoBHa — noueHTt kadeapsl QU3NKH KaHAUOAT (U3UKO-MATEMAaTHUYCCKUX
Hayk, KaparanauHckuii rocyJapcTBEHHbIM TEXHUUECKUN YHUBEPCUTET.
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