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Novel polyesters based on nitrogen-containing heterocycles:
synthesis and research

The article presents the results of studies carried out at assembling two branches of science such as the chem-
istry of heterocyclic compounds and the chemistry of step-growth polymerization. 2,4-Dimethyl-3,5-
diethoxycarbonylpyrrole (Knorr pyrrole) was synthesized by a series of successive transformations.
2,4-Dimethylpyrrole-3,5-dicarboxylic acid was obtained by Knorr pyrrole hydrolysis, optimal conditions for
reaction were chosen. The process was shown to be completed within an hour and a half in an alcohol-
alkaline medium. A new polyester based on 2,4-dimethylpyrrole-3,5-dicarboxylic acid and ethylene glycol
was synthesized by a polyesterification reaction. The physicochemical characteristics of the polymer obtained
were established. Light-scattering method was used to determine the mass-average molar mass of the polyes-
ter, which turned out to be equal to 5263. The good convergence of the data calculated and the reproducibility
of the experiment for determining the turbidity of dilute polymer solutions by turbidimetric method indicates
the reliability of the results. Analysis of the structure and physical and chemical properties of the polymer
synthesized suggests that a polyester based on 2,4-dimethylpyrrole-3,5-dicarboxylic acid and ethylene glycol
can be used as a component of alkyd resins potentially possessing biological activity.

Keywords: Knorr pyrrole, 2,4-dimethylpyrrole-3,5-dicarboxylic acid, polyesterification, polyester,
turbidimetry.

The chemistry of heterocyclic compounds is of particular interest for scientists as these compounds
have other atoms of the elements of the periodic system in addition to the carbon and hydrogen atoms in their
structure [1]. This is due to the special properties of the corresponding compounds. These properties include
fungicidal, acaricidal ones, different types of pharmacological activity, and new optical properties of hetero-
cyclic compounds, the application of which is possible in all spheres of human activities.

The presence of heteroatoms in molecules such as nitrogen particularly leads to a decrease in toxicity
and an increase in the high physiological activity of organic compounds. Their heterocyclic derivatives show
more effective biologically active properties in comparison with aliphatic ones [2].

Compounds referring to pyrroles — five-membered nitrogen containing cyclic molecules — constantly
attract the researchers’ attention despite the fact that Knorr synthesis is known from the end of XIX century.

Pyrroles and their derivatives are structurally important heterocycles used in pharmaceuticals, natural
products, catalysts, pesticides, dyes and conducting polymers [3]. Synthesizing polysubstituted pyrroles is
often challenging and current methods, like the Paal-Knorr reaction, often results in low atom economy in
which two oxygen atoms are lost per pyrrole ring produced and/or two water molecules are released as a by-
product.

Multifunctional derivatives of Knorr pyrrole are interesting for organic synthesis and as potential mon-
omers as well.

The aim of present work is synthesis of disubstituted acyl derivatives of Knorr pyrrole for their intro-
duction in polyesterification for obtaining N-containing polyesters which can potentially possess valuable
properties.

For obtaining starting material for step- growth polymerization firstly we synthesized 2,4-dimethyl-3,5-
diethoxycarbonylpyrrole (Knorr pyrrole) by series of transformations. The synthetic protocol proceeds ac-
cording to the following scheme:

RONO - n
H,C - COOC,H;——— > HON= r - COOC,Hs CH;COOH

0=C-CH; 0=C-CH;

Cepusa «Xumuns». Ne 1(89)/2018 27



L.M. Sugralina, A.V. Omasheva et al.

CHs COOC,Hs
H,N - CH - COOC,H;s
. CH3C(0)CH,CO0CH; / \

0=C-CH;
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The reaction was monitored by means of the thin layer chromatography.

To continue investigations we carried out hydrolysis of ester groups of 2,4-dimethyl-3,5-
diethoxycarbonylpyrrole. The hydrolysis reaction is known to irreversible one in the alkaline medium and is
effective for the synthesis of the corresponding acids. Therefore we hydrolyzed Knorr pyrrole in the presence
of base such as sodium hydroxide. Necessary conditions were chosen, aqueous-alcohol medium was applied
for completely dissolving Knorr pyrrole. Then calculated amount of sodium hydroxide was added. The reac-
tion was completed during one and half hour. The reactive mixture was treated by concentrated hydrochloric
acid for isolation of heterocyclic dicarboxylic acid.

o 0 0
Me ~ Me
Me 0 Na+ \ -
OFEt
/\ 2nNaOH ot / \ mHeg, /
EtO N Me ? N Me  Nacl T Me
| 0] H

O H

6

The acid obtained was completely purified by treatment of aqueous alcohol solution. Synthesized 2,4-
dimethylpyrrole-3,5-dicarboxylic acid is white powder, insoluble in water, melting point is equal to 205 °C.

Dicarboxylic acids are known to be monomers for step-growth polymerization to obtain various polyes-
ters, polyamides, polyurethanes and their modified derivatives [4, 5].

So according to research objective we carried out polyesterification of 2,4-dimethylpyrrole-3,5-
dicarboxylic acid and ethylene glycol at equimolar ratio of parent materials. The process was self-catalyzed
and for synthesis of high molar mass polyester it is necessary to remove water, i.e. by-product of reaction,
for shifting equilibrium to obtain final polymeric product.

The process was lasted for two hours and the reaction termination was determined by the amount of wa-
ter eliminated in the Dean-Stark vessel and on the basis of the IR spectrum of the product obtained. We as-
sume that synthesis of polyester proceeds according to the following scheme.

HaC COOH
n / \ + nHO-CHy-CHy-OH  ___
HoOoC N CH,
!
_ . —
HaC |Cl-O-CH2-CH2-O——

_|_ 21’1H20

/

CHs

I—2=

Next step of investigation was studying of properties characteristic for obtained polyester based on 2,4-
dimethylpyrrole-3,5-dicarboxylic acid and ethylene glycol.
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To estimate the mass-average molar mass of the polyester the Debye method (light scattering) was
used [6]. Determination of turbidity of polymer solutions was carried out turbidimetrically using a 2100 AN
HACH nephhelometer at A = 5460 A. This method is the most reliable and convenient one of the few direct
methods for determining the polymers molar mass and covering an exceptionally wide range of molar mass-
es. In addition it is a direct method for measuring the size of macromolecules in solution used for approba-
tion and calibration of other indirect methods, in particular, hydrodynamic ones [6].

The concentration of the initial solution for determining the polymer molar mass in the wavelength re-
gion 10°~107 is of the order of 2:10° g/cm® (0.2 g/dl). For preparing the solution a sample of polyester of
0.1 g (accurate to 0.0001) was placed in a pre-weighed measuring flask (~ 50 ml) with ground glass stopper.
Further the sample was dissolved in an increasing volume of thoroughly purified and repeatedly distilled sol-
vent, finished to the graduating mark and weighed. The concentration of the solution C; (g/cm’) was calcu-
lated by the formula (1):

m
C=—"p, (1)
where m, — is polymer mass, g; p — is solvent density, g/em’; m; — is solvent mass, g.

Then 30 ml of the prepared solution was transferred to a cuvette of the instrument, the turbidity of the
solution in NEPH units and the refractive index were determined up to full reproducibility. A series of solu-
tions was prepared from the available solution by successively diluting an aliquot (~ 30 ml) of each previous
solution to 50 ml in a volumetric flask, turbidity and refractive indices were determined. The concentration
of the subsequent solutions was calculated according to the formula (1).

In continuation of the research the division scale of nephelometer () was determined according to for-
mula (2):

2

Further the reduced intensity of polymer solutions (Rgy) was calculated by substituting the values in the
formula (3):
R90 = B(NEPHsolution - NEPHsolvent) . (3)

The constant value (H) was calculated by means of formula (4):
e 32(3,14) n2 (An/ ACY’ |

4
3N, )
The obtained data for measurements and calculations are presented in the Table.
Table
Results of turbidimetric measurements and calculations
C:107, glem’ e Buern-10° | R, 10° | Hygpy 107 | HCIRy, 107 i
2.0644 20.70 0.4582 0.0009 1.3782
1.0322 14.10 0.3077 0.0007 1.3779
0.5161 10.10 0.2165 0.0005 1.3770
0.2580 6.98 2279 0.1455 217.969 0.0003 1.3770
0.1290 5.72 0.1169 0.0002 1.3765
0.0645 3.90 0.0752 0.0001 1.3760
HC .
Based on the calculated values, a plot of the dependence —— = f(C) was made (see Fig.).
90
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Figure. Dependence of % on concentration of polymer (C, 107, g/cm’)
90

Extrapolating the resulting straight line to C leading to 0, we obtained a segment corresponding to limit-

ing meaning of H—C:L . According to the plot datum the value L is equal to 0.00019, so mass-average

90 w w
molar mass of the polyester obtained is equal to 5263. Determination of polyester solubility shows that it is
soluble in organic solvents and partially soluble in aqueous alcohol mixture.

So we conclude that novel polyester based on Knorr pyrrole derivative such as 2,4-dimethylpyrrole-3,5-
dicarboxylic acid and well-known monomer such as ethylene glycol was obtained by step-growth polymeri-
zation. Molar mass of polymer synthesized was determined by light-scattering method. The presence of five-
membered heterocycle containing nitrogen, ester and methylene groups let us assume that such polyesters
can exhibit biological activity and other valuable properties.
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A30TKYpamM/bl reTepouMKJIIePAiH Heri3iHaeri xaHa KypaeJi
nom3upIep: CUHTE3i JKIHe 3epTTenyi

Makxanaza eki FbUIBIMHBIH — TeTePOLMKIII KOCBIIBICTAD XUMHACH MEH HOJMKOHACHCALMSIIBIK MPOLECcTep
XUMHSICBIHBIH — KUBUIBICYBIHJIAFBl 3€PTTEY HOTIDKeNepi kenTipireH. 2,4-Jlumernin-3,5-nuaTokcukapoo-
Hummmppon (KuHopp muppossl) inecmeni aiHamynmap KaTapbIMEH CHHTE3JCNAl. 2,4-TMMeTHImppoi-3,5-
IUKapOOH KbHIMKBUIEL KHOpp NMUPpONBIH THApONM3AEy apKbUIBI anblHABL IIpomec crupT-cinTiai oprana
Oip>kapbIM caraTTBIH IIIIHAE TOJBIFBIMEH asKTajuaThlHbl Kepcerinmi. XKaxa kypmeni s¢up 2.4-mumerni-
nUppoi-3,5-1uKapOOH KBIIKBUIBI MEH STWICHIIMKOJIBJIH HETi3iHAe NOJMATepHHUKALMIAY PEaKIUAChI
apKbUIbl CHHTE3/eNi. AJIBIHFAH TNOJMMEpPIepAiH (HH3MKAIBIK-XUMHSUIBIK CHIIATTAMANapbl aHBIKTaJIbL.
Kypuneni adupin opramaccasblK MOJCKYIAIbIK Maccachl KapbIKIIAITY Sici apKbLIbl aHBIKTAIbIN, 5263 Teq
ekeHi kepcerinai. Ecentey mMomimMerrepi MeH TypOHIUMETPIIIK S/IiCIEH CYHBIThUIFAH MONIUMEp epiTiHAlIepiH
OWIABIPABIFBIH  QHBIKTAY OOMBIHIIA TOKIpUOE MOTIMETTEpiHIH COMKECTIri HOTKENEpAiH HAKTHUIBIFBIH
kepcerTi. CHHTE3eNreH IMOMMMepAiH (QU3UKAIBIK-XUMUSUIBIK KacHeTTepi MEH KYpPBUIBIMBIH capanray 2,4-
JUMETHIIIHAPPOI-3,5-TUKapOOH  KBIMIKBUIBI MEH OSTHJICHIIMKOJBIIH HeTi3iHxeri Kypaeni mnoiamdgupmin
OMOTOTHSIIBIK OEJICeHIUTIKKE Me aJKUATI MIAHBIpIapAblH KOMIIOHCHTI PeTiHIe KOJAaHyBIHBIH MYMKIHIITiH
TYKBIPBIMIAIBL.

Kinm co30ep: Kuopp muppossl, 2,4-1uMeTHanuppoi-3,5-aukapOoH KbIIIKBUIBI, HONU3TepHUKALUsIaYy,
Kypzeini noamdup, TypOHIUMETPITIK.

JLM. Cyrpanuna, A.B. Omamesa, JI.K. CanskeeBa, A.C. OmkabaeBa,
E.B. Munaesa, E.K. TaiimmbekoBa, A.K. Canbkeesa, I'.I". baiikenosa

HoBble cj103kHbIE HOJII/IZ)(I)I/IPLI Ha OCHOBE€ a30TCOACPKAIIINX
rerTepouuKJIOB: CUHTE3 U UCCJICAOBAHUE

B crartbe npeacTaBieHbl pe3ynbTaThl HCCIEA0BAHHUMN, BBITIOIHEHHBIX Ha CTBIKE JBYX HAayK — XHMHHU I'€Tepo-
IUKINYECKHX COEAMHEHMH M XUMUHM MOIMKOHAEHCALMOHHBIX mpoueccoB. 2,4-Jumerni-3,5-Iu3ToKCH-
kapOoHmHppoa (muppos KHoppa) O5U1 CHHTE3MPOBaH PSIOM MOCIIEOBATENIBHBIX NpeBpameHuii. ['unpomm-
30M nuppoina Knoppa Obuta monydena 2,4-IuMeTHINUPPOI-3,5-1UKapOOHOBas KUCIOTA, IOX00paHbl ONTH-
MaJIbHBIE YCJIOBHS NpOBeAeHHs peakuuu. [loka3aHo, 4TO IpoLece MOJHOCTBIO 3aBEPLIACTCS B TEUEHUE MOITY-
TOpa 4acoB B CIIUPTOBO-IIET0UHOI cpene. HoBblil croxHbIi onmahup Ha OCHOBE 2,4-TMMETHIIIAPPOI-3,5-
JUKapOOHOBOI KHUCIIOTH M STHJICHIIIMKONS OBUT CHHTE3HUPOBAH peakiuell moimmsrepudukanuu. beum ycra-
HOBJIEHBI (PU3UKO-XMMHUYECKUE XapaKTEPUCTHKU MOIYyYEHHOTO moiauMepa. MeTomoM cBeTopaccesHus ObLia
ompeJeNieHa CpeAHeMaccoBasi MOJIEKYJIIpHas Macca CJI0XKHOTO0 NMoau3upa, KoTopast okasajiach paBHOU 5263.
Xopormras CXOAUMOCTh PACUETHBIX JAAHHBIX M BOCHPOU3BOANMOCTB SKCIIEPUMEHTA 0 OMPEIEICHUI0 MYTHO-
CTU pa30aBIIEHHBIX PACTBOPOB MOIUMEPA TypOHIMMETPUIECKIM METOZOM YKa3bIBalOT Ha JOCTOBEPHOCTD pe-
3yJIBTaTOB. AHAIIM3 CTPYKTYPH H (HH3HKO-XUMUYECKAX CBOMCTB CHHTE3MPOBAHHOTO ITOJIMMEpa Ipesroara-
€T, YTO CJIOXKHBIN NoNM3(GUp Ha OCHOBE 2,4-TUMETHIIHPPOII-3,5-TUKapOOHOBOM KUCIOTHl M 3THIICHTITHKOIIS
MOXeT OBITh HCIOJIB30BAaH B KAaUeCTBE KOMIIOHEHTA AIKUAHBIX CMOJ, HOTEHINAIBHO 00Iafalomux OHOIOTH-
YECKOHI aKTUBHOCTBIO.

Kniouesvie cnosa: nuppon Knoppa, 2,4-numerminupposi-3,5-1ukapOoHoBas KUCIOTa, MOIMITEPH(PUKALINS,
CJIOXKHBIN MOMA(UD, TYpOUTUMETPHS.
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