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Abstract

Using the Paal-Knorrreaction, 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yllethanone was produced. The
main stages of synthesis and yield of the target compound are described. The temperature dependence of the
solubility of the synthesized compound in the temperature range 275.70-299.40 K was investigated experimentally.
The use of the gravimetric method for studying solubility at atmospheric pressure in solvents of different classes is
described. Using the Van't Hoff equation, the obtained data were converted to standard molar enthalpies and
entropies of dissolution. The enthalpy and entropy of fusion of the obtained substance were determined by the
differential thermal method. The equations for converting the research results to standard conditions (298.15 K) are
given, and the results are used to calculate the thermodynamic parameters of the mixing and dissolution process of
the studied ketone compound with organic solvents. The solubility of 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-
pyrrole-3-yllethanone in all solvents increased with increasing temperature, and these data are in good agreement
with the literature data for similar substances. The interaction characteristics of the synthesized substance with
solvents of different polarity were established, and the dependencies of the thermal effects of dissolution were
obtained. This study of the pyrrole derivative 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yl]Jethanone is
aimed at optimizing the synthesis processes of this compound, its further purification and processing for various
uses.

Keywords: synthesis; IR spectra; intermolecular interaction; solubility; enthalpy of dissolution; enthalpy of fusion; enthalpy of
mixing; polysubstituted pyrrole derivatives; 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yl]ethanone.
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AHoTanis

3a peakuierw IMaasa-KHoppa cuHTe30BaHuil 1-[1-(4-MeToKcueHiN)-2-MeTUI-5-PpeHia-nipoa-3-iieraHon. Onucani
OCHOBHIi eTalM CHUHTe3y Ta BUXiJA LiJIbOBOI ClOJIyKU. EKcnepyMeHTa/IbHO AOCIiJKeHa TeMIlepaTypHa 3aJ/IeKHiCTh
PO34YMHHOCTI CHHTE30BaHOI CIOJIyKU B JAiana3oHi Temnepatyp 275.70-299.40 K. OnucaHuii rpaBiMeTpUYHMA METOJ,
AOCIiAKeHHA AJ1s1 BUBYEHHS PO34YMHHOCTI 32 aTMOCPEPHOro TUCKy B PO3YMHHUKAX Pi3HUX KJIaciB. 3a piBHAHHAM
Banr-Topda orpumaHi gaHi 6y1u mepeBejeHi B CTaHAAPTHI MoyApHi eHTajabmii Ta eHTpomii poO3YMHEHHS.
JudepeHniiiHO-TepMiYHUM MeTOAOM aHAJIi3y BH3HAUE€HO EHTAJIbNiI0 Ta EHTPONil IJIaBJeHHS AOCTiJKeHOol
peYoBHHM Ta NPOBeJEHUI epepaxyHOK eHTaJIbIill Ta eHTPOoNiii JIaB/IeHHA A0 craHAapTHUX (298.15 K), 3a skumu
poO3paxoBaHO TepMOAUHAMiyHI MapaMeTpH Hpouecy 3MillyBaHHA Ta PO3YUMHEHHA [O0CAiJKyBAaHOTO KETOHOBOrO
3aMiCHUKa 3 OpraHiYHUMH PpO3YUHHMKaAMH. Po3uuHHicTh 1-[1-(4-MeTokcudeHin)-2-metua-5-dpenia-nipos-3-
in]leTaHoHy B yciX po3uMHHHKax 3pocrajia 3i 36i/bIIeHHSAM TeMnepaTypH, i Ui JaHi Jo6Gpe y3rofKywTbca 3
JiTepaTypHUMHU AAaHMMHM AJI NOAIGHUX pe4OBHH. BcTaHOBJ/IeHMIT XapaKTep B3a€Mo/ii CMHTe30BaHOI peYOBHUHH 3
PO3YMHHUKAMM Pi3HOI MOJAPHOCTI Ta OTpUMaHi BiANOBiAHI 3aje)kHocTl Tem10BUX edeKTiB po3unHeHHA. lle
AocHig)KeHHA moxigHoro miposay 1-[1-(4-meTokcudeHin)-2-MmeTua-5-¢peHia-nipos-3-ijyiletTaHoHy cnpsAMoBaHe Ha
onTuMi3anilo nponeciB CUHTe3y, OYUILEHHS Ta BUKOpHUCTAaHHA 1-[1-(4-MeTokcudeHin)-2-meTun-5-peHin-nipon-3-
is]eTaHoHy Ta Horo nmoxigHuXx.

Kniouosi cnoea: cunTes; [4Y-cieKTpockoIis; MiXKMOJIEKYJIsIpHA B3aEMO/isl; PO3UMHHICTb; €HTaJbllif pO3YMHEHHS; eHTaJ/lblis
3MillyBaHHS; NoJjizamimeni noxigdi nipoay; 1-[1-(4-MeTokcudeHin)-2-MeTUM-5-deHin-nipos-3-in]eTaHoH.
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Introduction

The current development of  the
pharmaceutical industry dictates trends in the
search for new compounds that have a wide range
of therapeutic properties and are not difficult to
manufacture.

Heterocycles are one of the most common
structural units in medicines. In fact, they can be
traced in many small-molecule drugs due to the
high prevalence of oxygen-, sulfur- and nitrogen-
containing rings in the drug molecule itself. This
prevalence is based on the mimicry of nature. The
main elements of a wide range of natural products,
such as nucleic acids, amino acids, and vitamins,
contain heterocyclic fragments, which are
modulated by modern pharmaceuticals. Some of
the heterocycles, when modelled by strategically
incorporating a heterocyclic fragment into a
structure, include lipophilicity, polarity, potency
and selectivity through bioisosteric substitutions.
[1-2]

Thanks to this type of research, as of today,
more than 50 % of unique small-molecule drugs
contain the nitrogen heterocycle, compared to less
impressive percentages for fluorine- and sulfur-
containing drugs [3]. The choice of studying
pyrrole-containing compounds is not accidental,
as pyrrole is a special aromatic heterocycle that
occurs in nature as a key component of the
‘pigments of life’, numerous natural products
contain highly functionalised pyrrole fragments as
the main rings in their skeleton. [4] Considering
that pyrrole derivatives are widely represented in
nature as constituents of cofactors and bioactive
natural compounds, namely vitamin B;,, bile
pigments (bilirubin and biliverdin), heme
porphyrins, as well as photosynthetic pigments
such as chlorophyll, chlorins, bacteriochlorins and
porphyrinogens. [5-7] The aromatic structure of
the pyrrole molecule allows it to react with various
electrophiles to obtain the corresponding
derivatives with various biological activities [8].

However, its main application remains in
pharmacy. It has already been used to successfully
develop and test anti-cancer, anti-viral, and anti-
tuberculosis drugs with antibacterial agents. In
the development of anti-tumor drugs, pyrole
compounds have an advantage due to the simple
structure of their ring. On the other hand,
condensed pyrroles, in which the structure is
complicated by the addition of extra rings, make it
harder to develop drugs because of the possible
appearance of more chiral centers and functional
groups. [3; 9-10]

The growing presence of pyrrole in natural
compounds, drugs, and innovative materials is
stimulating interest in the chemistry of pyrrole
and its derivatives. Today, the synthesis of such
compounds has become one of the priority areas
in modern chemistry. A significant number of
heterocycles are also used as functional additives
and modifiers in the cosmetics industry, in the
production of polymers, solvents, as well as
antioxidants and other active components. [11].

The above-mentioned facts about the growing
interest in pyrrole-containing compounds raise
another important question about the synthesis
and purification of pyrrole derivative structures,
namely the choice of solvents. They must be
chemically inert to the starting materials and
reaction products, and their thermodynamic
interaction parameters as a solvent with a
dissolved substance must be acceptable and
known for calculating energy balances at the
stages of synthesis, purification, and processing
[12-13].

The purpose of the study. Synthesis of the
compound 1-[1-(4-methoxyphenyl)-2-methyl-5-
phenyl-pyrrole-3-yl]ethanone by the Paal-Knorr
reaction [14-17], determine the yield of the
substance, thermodynamic parameters of
interaction with methyl acetate, ethyl acetate,
acetonitrile, propan-1-ol, and propan-2-ol.

Experimental
1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-
pyrrole-3-yl]ethanone was obtained in a chemical
reactor equipped with a mixer and a reflux
condenser. The reaction process is shown in Fig.1.

In the first stage, 6 g (0.03 mol) of phenacyl
bromide 2 was added in portions to a suspension
of 5.4 g (0.044 mol) of sodium acetylacetonate 1 in
30 ml of ethanol with cooling, after which the
mixture was stirred at room temperature for
1 day. The reaction mixture was filtered from
sodium bromide, the ethanol was distilled off
using a rotary evaporator, and the residue was
distilled under vacuum, B. p. 443-448 K/2 mm Hg,
yield 58¢g (88%).  Thus, 3-acetyl-1-
phenylpentane-1,4-dione 3 was obtained.

In the second stage, 2.46 g (0.02 mol) of 4-
anisidine was added to a mixture of 4.36g
(0.02 mol) of 3-acetyl-1-phenylpentane-1,4-dione
3 in 20 ml of absolute ethanol. The mixture was
boiled for 16 hours. After cooling, the ethanol was
removed using a rotary evaporator, and the
residue was recrystallized from hexane. A light
yellow precipitate of compound 4 was obtained.
Yield 80 % (4.88 g), M.p. 398-399 K. IR spectrum



100

Journal of Chemistry and Technologies, 2026, 34(1), 98-106

(ATR, cml): 660, 1597, 1550, 1513, 1445, 1409,
1346, 1298, 1254, 1228, 1169, 1107, 1030, 954,
940, 911, 846, 811, 793, 754, 695, 677, 642, 590,

0]

/loj\)OI\ ' i
Me Me —_—
1 Na+ 2

525, 506, 456, 415. MS (m/z): 306 (M+*+1). Calcd.
for C20H19oNO, C 78.66; H 6.27; N 4.59; found: C
78.49; H 6.21; N 4.47.

NH, =
o Me _O Me
I\
O OMe N~ Me
—_—
Me  CH3sCOOH
3 4
OMe

Fig. 1. Scheme of the synthesis of 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yl]Jethanone 4

The degree of purity of the substance was
confirmed by the constant melting point and
enthalpy of fusion and vaporization.

Solvents for research were selected according
to the following criteria: different classes of
compounds; relatively low boiling points;
economic feasibility of their use.

Methyl acetate and ethyl acetate solvents can
be considered together because they have similar
physical and chemical properties, are solvents of
medium polarity, have low boiling points (for
ethyl acetate Tpoi = 350.25 K, for methyl acetate
Thoit = 330.05 K), are low in toxicity to humans, are
widely available, and are moderately soluble in
water. Ethyl acetate was chosen because of its
higher  polarity. = Substances with  more
pronounced donor-acceptor properties should
dissolve better in it.

Acetonitrile is a polar aprotic solvent. It
dissolves compounds with ketone groups, amino
groups, and carboxyl groups well [18]. It mixes
with water and organic solvents in any
proportions, allowing the polarity of the
environment to be varied [19]. Its boiling point
(Thoi = 354.75 K) is relatively low, and it is low-
toxic to humans. The presence of a nitrile group

(-CN) provides a medium without hydrogen
bonds, so interactions between molecules are
determined by dipole-dipole and dispersion
forces.

Propane-1-ol and propane-2-ol:
representatives of lower alcohols, compared to
the widespread methanol, are less toxic, although
they exhibit similar properties. Their boiling point
(for propan-1-ol Tye = 370.25 K, for propan-2-ol
Tooii = 355.55 K] is relatively low, which makes
them easy to remove.

The solvents used were manufactured by
Merck: acetonitrile CAS 75-05-8; methyl acetate
CAS 79-20-9; ethyl acetate CAS 71-43-2; n-
propanol CAS 71-23-8; isopropanol CAS 67-63-0.
The content of the main component was 299.9%,
intended for use in chromatographic studies. The
solvents were identified by their refractive index,
which matched the data in the substance quality
certificate and literature data, allowing us to use
them without additional purification.

The physical characteristics of the solvents
used, in particular: the values of the donor Dy and
acceptor Ax numbers, dielectric permeability e,
and dipole moment p are given in Table 1 [20].

Table 1
Physical characteristics of selected organic solvents
Solvent Dn € w, D
Methyl acetate 10.7 16.5 6.70 1.69
Ethyl acetate 17.1 6.40 1.88
Acetonitrile 18.9 14.1 38.80 3.44
Propan-1-ol 37.3 19.8 21.80 1.65
Propan-2-ol 33.5 211 19.92 1.59

The temperature dependence of the solubility
of  1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-
pyrrole-3-yllethanone was determined by the
gravimetric method. [21-25].

The solubility of 1-[1-(4-methoxyphenyl)-2-
methyl-5-phenyl-pyrrole-3-yl]ethanone was

studied in a three-necked round-bottom flask with
ground-glass openings into which a thermometer
and a stirrer were inserted. The third hole was
closed with a ground glass stopper, which served
as a sampling tube. The flask was placed in a
thermostat that maintained the temperature with
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an accuracy of 0.1 K. The stirrer speed was 30-
40 revolutions per minute. This allowed the solid
phase of the solution to be kept in a semi-
suspended state. The thermostated solutions were
saturated for 48 hours without stirring and for 2
hours with constant stirring. After that, the
solutions were additionally settled for 60 minutes.
The temperature mode of the thermostat for each
series of experiments was constantly changed,
raising and lowering the temperature. The
absence of a hysteresis loop in the temperature
dependence of solubility indicates the
establishment of an equilibrium state.

Sampling was carried out in series of three
samples with approximately equal masses in one
series, which were transferred to pre-weighed
sealed flasks. The solvent was removed in a
thermal oven at a temperature of 363-373 K. After
drying, the flasks were hermetically sealed, cooled
in a desiccator to prevent moisture absorption
from the air, and reweighed. Weighing was carried
out at room temperature (296 +2K) using
analytical scales with an accuracy of #0.0002 g.
This method ensured high accuracy of the results,
minimizing the influence of external factors.

Differential thermal analysis (DTA) and
thermogravimetric  analysis (TGA)  were
performed on a Paulik-Paulik-Erdey Q-1500D
system in dynamic mode in air at a heating rate of

5 K/min and with the following sensitivities: TGA
- 100 mg; DTA up to 773 K in a platinum crucible
[26-27].

Results and discussion

The enthalpy of fusion (4xsH) was calculated
using equation (1), taking into account the loss of
heat due to the evaporation of the sample:

K-S = Qfus + Quap = Mo - ApyusH + AMyqp -
Avapr (1)
where K is the heat transfer coefficient of the
derivative thermogravimetric analyzer, equal to
8.2023-10--Trws, J/(K's); Qus and Q.qp are the
amounts of heat absorbed during melting and
evaporation of the sample, respectively, J; Au:H
and A,qpH are the specific enthalpies of fusion and
vaporization of acids, respectively, J/g; my is the
mass of the sample corresponding to the
temperature of the beginning of its melting Tfus, g;
Amyg - mass loss of the sample (mass of vapor)
during the period taken into account when
determining the peak area S (K-s) on the DTA

curve, g.

The enthalpy of vapour 4,,,H was determined
according to the method described in [25]. Table 2
shows the results of experimental studies of the
melting  process  1-[1-(4-methoxyphenyl)-2-
methyl-5-phenyl-pyrrole-3-yl]ethanone 4.

Table 2
Thermodynamic parameters of the melting process of 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-
ylJethanone
Ne mo, § AMyap,-10% g S, K-s Quap, | k?j}fl’[l-l(;l I/Lrlﬁl(s)‘?’}(
Trus = 390,15+1.40 K; K=0.03200 J/(K-s)
1 0,1025 291 315.1 0.0822 29.8 76.4
2 0,1058 3.28 333.2 0.0927 30.5 78.2
3 0,1101 4.05 352.6 0.1145 31.0 79.4
Average value 30.4+1.5 78.0£3.7

Table 3 shows the results of an experimental
study of the dissolution of 1-[1-(4-
methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-
yllethanone in organic solvents. The mass of
solvent (m;), mass of solute (m:), temperature at
which the solubility was studied (7) and mole
fraction of solute (X-) are given.

The linear equations calculated by the least
squares method are presented in the form of the
Schroder equation (2) and are shown in Table 3:

InXz= - AsaH/RT + As0iS/R (2)
where: AsH and 4,,S - enthalpy and entropy of
solubility.

The significance level of the margin of error for
all values is 0.95.

Table 3

Temperature dependence of the solubility of 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yl]jethanone in
organic solvents

T, K mi, g mz, g X2:103 T, K mi, g mz, g X103 T, K mi, g mz, g X2:103
Methyl acetate

276/30 1/4980 0.0749 11.98 284.10 1.0542 0.0683 15.47 287.70 0.9944 0.0716 17.17

276.30 1.1311 0.0568 12.02 284.10 1.0181 0.0661 15.51  287.70 0.8713 0.0629 17.21

276.30 1.1509 0.0582 12.12 284.10 0.8491 0.0554 15.58 287.70 1.1851 0.0860 17.30

278.40 0.8403 0.0452 12.88 286.15 0.5406 0.0368 16.25 290.25 1.0544 0.0820 18.51

278.40 1.2823 0.0697 13.01 286.15 0.8285 0.0565 16.27 290.25 1.1232 0.0877 18.58
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Continuation of Table 3

278.40 1.0390 0.0566 13.03  286.15 1.0990 0.0753 16.34  290.25 1.2925  0.1012 18.63

280.60 1.2616  0.0729 13.82 286.55 0.5679 0.0389 16.33 297.80 0.3120  0.0296 22.46

280.60 1.2124 0.0704 13.89 286,55 0.6224 0.0429 1643 29780 0.5756  0.0548 22.57

280.60 0.8715 0.0507 1392 286.55 0.5922 0.0408 16.44 297.80 0.5699  0.0543 22.59

In Xz = (4.28+14)-(2403+40)-1/T

Ethyl acetate

278.60 0.7186  0.0392 15.50  283.75 1.1784 0.0739 17.76  288.35 0.6791  0.0476 19.82

278.60 0.8521 0.0467 15.57  283.75 1.0422  0.0657 17.85 288.35 0.7006  0.0494 19.92

278.60 0.8130 0.0448 15.65 283.75 1.1807 0.0744 17.86 288.35 0.5586  0.0397 20.07

280.80 0.7638 0.0443 16.46  285.65 1.0443 0.0688 18.65 290.20 1.3990 0.1034 20.88

280.80 0.8481 0.0494 16.51 285.65 0.6258 0.0413 18.69 290.20 1.2095  0.0894 20.88

280.80 0.8755 0.0510 16.53 285.65 1.0606 0.0704 18.79 290.20 0.7794  0.0578 20.95

281.90 0.8625 0.0513 16.86  286.40 2.0273 0.1361 19.00 291.70 1.1060  0.0845 21.56

281.90 1.2176  0.0727 1692 286.40 1.1103 0.0752 19.17 291.70 0.8743  0.0670 21.62

281.90 1.4407 0.0864 17.00 286.40 1.5823 0.1073 19.19 291.70 0.4640 0.0356 21.66

In X2 =(3.19+£0.11)-(2047+33)-1/T

Acetonitrile

275.70 1.1110 0.0353  4.25 28290 09161 0.0378 5.52 290.85 0.7208 0.0391 7.24

275.70 1.1297 0.0360 4.26 28290 1.0003 0.0413 5.52 290.85 0.8345  0.0453 7.25

275.70 1.2094 0.0386  4.27 28290 0.8820 0.0367 5.56 290.85 0.6546  0.0359 7.31

277.35 0.7181 0.0244 4.54 285.80 1.0638 0.0494 6.20 294.60  1.2288 0.0763 8.28

277.35 1.2657 0.0431 4.55 285.80 0.7996 0.0372 6.22 294.60 0.7046  0.0444 8.39

277.35 0.7342 0.0250 4.56 285.80 1.0461 0.0487 6.22 294.60 0.8315 0.0525 8.41

278.45 1.0867 0.0382 4.70 289.00 1.0473 0.0537 6.85 299.20 0.8133  0.0598 9.78

278.45 0.8776 0.0309 4.71 289.00 1.0928 0.0561 6.85 299.20 0.8599  0.0635 9.83

278.45 0.9980 0.0354 4.75 289.00 1.0571 0.0543 6.86 299.20 0.8094 0.0599 9.85

In X2 = (5.05£0.12)-(2899+33)-1/T

Propan-1-ol

280.60 0.7539 0.0084 2.19 28790 0.8707 0.0139 3.13 292.60 09697 0.0194 391

280.60 09037 0.0101 2.19 28790 0.8733 0.0140 3.13 295.00 0.8635 0.0181 4.10

280.60  0.7268 0.0082  2.22 290.15 1.0019 0.0172 3.36 295.00 09356 0.0196 4.11

283.80 0.9803 0.0131 2.62 290.15 1.1225 0.0194 3.38 295.00 09732 0.0204 4.11

283.80 1.0299 0.0138 2.63 290.15 1.2859 0.0226 3.45 297.75 1.1553  0.0284 4.81

283.80 0.6895 0.0093 2.63 291.30 0.9707 0.0180 3.63 297.75 09117  0.0225 4.82

285.35 1.0476  0.0144 2.69 291.30 0.8420 0.0156 3.63 297.75 1.1406  0.0284 4.88

285.35 1.1876  0.0163  2.69 291.30 09552 0.0179 3.67 299.40 0.9065 0.0240 5.18

285.35 1.0402 0.0144 2.71 292.60 09229 0.0183 3.88 299.40 0.8309  0.0223 5.24

287.90 1.0968 0.0173  3.09 292.60 0.8703 0.0174 391 299.40 0.8405 0.0226 5.25

In X2 = (7.42+0.36)-(3800£105)-1/T

Propan-2-ol

287.3 0.9378 0.0106 2.22 292.0 0.8405 0.0123  2.87 295.1 1.0621  0.0170 3.13

287.3 0.6268 0.0071  2.22 292.6 0.9697 0.0194 2091 297.4 1.0118 0.0188 3.63

290.4 1.3635 0.0173  2.49 294.1 0.9313 0.0143 3.01 297.4 1.1253  0.0212 3.69

290.4 0.9979 0.0128 2.51 294.1 0.7569 0.0117  3.02 297.4 0.7237  0.0137 3.71

290.4 1.1745 0.0151 2.52 294.1 0.8461 0.0132 3.06 297.7 1.1553  0.0284 4.81

291.4 0.4848 0.0065 2.63 295.0 0.8635 0.0181 4.10 297.7 09117  0.0225 4.82

291.4 1.1202 0.0151 2.64 295.0 0.9356 0.0196 4.11 297.7 1.1406  0.0284 4.88

291.4 0.5850 0.0079  2.65 295.0 0.9732 0.0204 4.11 299.4 0.9065  0.0240 5.18

292.0 0.8110 0.0114 2.76 295.1 11676 0.0184  3.08 299.4 0.8309  0.0223 5.24

292.0 0.8349 0.0119 2.80 295.1 1.2602  0.0201  3.13 299.4 0.8405  0.0226 5.25

In X2 =(9.42+0.45)-(4474+129)-1/T
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Table 4 shows the thermodynamic solubility
parameters AsH and 4,S. They take into account
the phase transition of solid compounds into
solution. The calculation of changes in the
enthalpy (4mixH) and entropy (4mixS) of mixing,
which reflect the interaction of components in

solution and taking into account the values of the
enthalpy (45sH) and entropy (45.sS) of fusion of the
studied substances at the average temperature of
its dissolution, was carried out according to
Equations 3 and 4:

A0S= AfusS + AminS (4)

Table 4

Thermodynamic functions of solubility of 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-3-yljethanone in
solventsat 298.15K

Solvent X2 AsolH® AmixHo AsoiS°© AmixS°
(298.15) i /mol J/mol K
Methyl acetate 0.0228 20.00£0.35 -5.1+1.6 35.6+1.2 -26.8+4.2
Ethyl acetate 0.0252 17.02+0.32 -8.1+1.6 26.1+1.0 -36.3+4.2
Acetonitrile 0.0093 24.10+0.27 -1.0+1.6 42.0£1.0 -20.414.2
Propan-1-ol 0.0049 31.59+0.87 6.5+1.7 61.7+3.0 -0.7+5.0
Propan-2-ol 0.0038 37.20+1.10 12.1+1.9 78.3+3.7 15.9+5.4

Since the experimentally determined values of
ApsH belong to Tus and the determined
thermodynamic parameters of the dissolution
process AgH and AsS are determined in
temperature intervals that are close to or cover
the temperature of 298.15 K, in order to generalize
the results obtained and calculate the enthalpies
and entropies of mixing, it was decided to
recalculate 4p,:H to 298.15 K. In the case when it is
not possible to experimentally determine the
change in heat capacity during the evaporation
process, unified equations are used. The most
commonly used methods of recalculation are
those proposed in [28-29]. Since in [28], to
calculate the change in heat capacity, it is
necessary to use group contributions, most of
which are estimated approximately for nitrogen-
containing compounds, we used the method
described in [27], which is much simpler.

According to the methodology presented in
[28], 4ssH and Ag,sS were recalculated to 298.15 K
using Equations 5 and 6.

T—Tfys
AfusHT = AfusHTqu [1 +ﬁ] (5)
T
AfysST = AfusSTfuS [1 4+ 0.74 - 1n T (6)
The calculated values of

Afu35293,15=62.4i4.0 (]/mol-K); and
AgisH29815=25.1£1.6 k] /mol were used to calculate
AmixH and Ap,S.

The thermodynamic parameters of the
interaction between 1-[1-(4-methoxyphenyl)-2-
methyl-5-phenyl-pyrrole-3-yljethanone and the

solvents used for the study are consistent. Thus,
the values of AnixH in methyl acetate, ethyl acetate,
and acetonitrile are negative, while those in
propan-1-ol and propan-2-ol are positive. This
energy distribution is in good agreement with the
values of the energies of intermolecular
interactions present in the solvents. For example,
the wvalues of dipole-dipole and dispersion
interactions in acetic acid esters are 3.4 kJ/mol, in
acetonitrile the value of such interactions is
16.2 k]/mol [29; 30]. The energy value of the
hydrogen bond formed by hydroxyl groups is
25.4 k] /mol [29; 30]. Thus, the AnixH of systems
where intermolecular interactions in solvents are
provided only by dipole-dipole and dispersion
interactions are negative, since the energy
released during the formation of new bonds
between solvents and 1-[1-(4-methoxyphenyl)-2-
methyl-5-phenyl-pyrrole-3-yl]ethanone is
sufficient to compensate for the energy
expenditure required to destroy the initial
interactions both in solvents and in the substance
under study. As for the interactions of the
dissolved substance with alcohols, no such
compensation of energy costs is observed, since
the costs of hydrogen bonding destruction are
much higher than the costs of dipole-dipole and
dispersion interactions destruction. It is also
worth while noting that the value of the entropy of
mixing (AmixS°) of the solute with propan-2-ol is
positive, indicating that the system is in order due
to the additional steric effect in propan-2-ol.
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Fig. 2. Dependence of the enthalpy and entropy of mixing 1-[1-(4-methoxyphenyl)-2-methyl-5-phenyl-pyrrole-
3-yl]ethanone in: 1 - Ethyl acetate, 2 - Methyl acetate, 3 - Acetonitrile, 4 - Propan-1-ol,

The presented dependence between AnixH and
AmixS demonstrates a clear linear correlation with
a high coefficient of approximation, indicating the
presence of a compensatory effect (Fig. 2) that
arises between the functional groups of the
solvent and 1-[1-(4-methoxyphenyl)-2-methyl-5-
phenyl-pyrrol-3-yl]lethanone. This behaviour
means that changes in enthalpy contribution are
accompanied by proportional changes in entropy,
so that the free energy of mixing remains
relatively constant for all solvents studied. The
linearity of the dependence confirms the
uniformity of the solvation mechanism and the
identical nature of intermolecular interactions
between the functional groups of the studied
compound and the environment, regardless of the
type of solvent, which further emphasises the
consistency of the thermodynamic characteristics
of the mixing process.

Conclusions
1-[1-(4-Methoxyphenyl)-2-methyl-5-
phenyl-pyrrole-3-yl]ethanone was synthesised by
the Paal-Knorr reaction. The temperature
dependences  of  1-[1-(4-methoxyphenyl)-2-
methyl-5-phenyl-pyrrole-3-yl]ethanone in methyl
acetate, ethyl acetate, acetonitrile, propan-1-ol
and propan-2-ol were determined by the
gravimetric method, and the thermodynamic
parameters of their solubility and mixing
(solvation) were calculated. The enthalpy

(AfusHz9015 = 30.4+1,4kJ/mol) and entropy
(AfusS39015 = 78.0 + 3.7 ]/mol-K) of fusion at the
melting point were obtained using the differential
thermal method. The obtained values of enthalpy
and entropy of fusion, converted to 298.15 K, are
consistent with known data for similar nitrogen-
containing aromatic compounds and allow the
contribution of the solid phase transition process
to be correctly separated from the mixing itself. A
comparison of the thermodynamic parameters of
solubility in different media shows that the choice
of solvent is determined by the competition

between the destruction of the initial
intermolecular interactions and the formation of
new bonds in the solution. The most
thermodynamically  favorable medium is

acetonitrile, where the best balance between the
energy costs of dissolution is observed, which is
consistent with its high polarity and ability to
effectively solvate nitrogen-containing
heterocyclic systems.

In general, the study demonstrates clear
patterns between the nature of the solvent, the
type of intermolecular interactions, and the values
of thermodynamic solubility parameters. This
allows not only to explain the experimentally
obtained values, but also to predict the behavior of
structurally related pyrole derivatives in different
solvents, which is important for further targeted
selection of the environment in synthetic and
analytical practice.
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