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Abstract. Combustion energies of esters (ethyl 6-methyl-
2-o0x0-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxy-
late; ethyl 6-methyl-4-(4-methylphenyl)-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate; ethyl 4-(4-methoxy-
phenyl)-6-methyl-2-o0x0-1,2,3 ,4-tetrahydropyrimidine-5-
carboxylate and ethyl 4-(6-methoxyphenyl)-6-methyl-2-
oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate) were ex-
perimentally obtained using a bomb calorimetry. Acco-
rding to the experimental data, the enthalpies of combustion
and the enthalpies of formation in a solid state were
calculated. Derivative analysis was used to investigate the
compounds within the temperature range of 483.0—
5775 K. The enthalpies of fusion, vaporization and
sublimation were calculated using the results of the
differential thermal analysis. According to the obtained
data, the enthalpies of formation of the investigated
compounds in the gaseous state were calculated. The
possibility of using the Benson additive scheme to calculate
the enthalpy of formation is demonstrated.

Keywords: enthalpy of combustion, enthalpy of
formation, enthalpy of fusion, enthalpy of vaporization,
enthalpy of sublimation, 6-methyl-2-oxo-4-aryl-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid esters.

1. Introduction

A great number of modern drugs has been formed
on the basis of five-membered heterocycle compounds
with one or two heteroatoms. The application of
mentioned compounds became possible due to the bio-
logical activity of mnatural heterocyclic compounds.
Diverse study of their synthetic analogues would
contribute to the creation of drugs of new generation.
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Among them esters of 6-methyl-2-oxo-4-aryl-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acids (DHPM) are of
great interest. These biologically active compounds are
used for the production of drugs with different pharma-
ceutical properties, in particular anti-microbial properties,
and for the production of drugs preventing neurodegenerative
and oncological diseases.

The current interest of researchers and pharma-
ceutists in DHPM esters is associated primarily with the
fact that adrenergic receptor antagonists are useful for the
treatment of benign prostatic hyperplasia [1]. Interesting
biological effects have also been identified for DHPM
analogue as a potential new antitumor agent which is
involved in blocking mitosis by inhibiting kinesin motor
protein, which is just one example [2]. It was also found
[3] that some natural compounds that exhibit strong selective
activity against HIV-1 have a fragment of dihydro-
pyrimidines. Thus, it can be said that these compounds have
a wide range of biological activity [4].

Based on the above mentioned, it can be stated
with certainty that the rapid development of these
compounds synthesis is due to the prospect of their use in
medicine and pharmaceuticals [5, 6]. Therefore, the study
of their thermodynamic parameters is important for
determining the reaction energies of the synthesis and for
understanding the mechanisms of reactions involving
them, as well as for calculating the chemical equilibrium
in processes involving mentioned compounds.

The synthesis of drugs is mostly carried out in a
medium of solvent using the reactants of pure analytical
grade. The purity of the substances is ensured by repeated
purification processes which include distillation,
sublimation and recrystallization. The latter process is
carried out using widely used solvents. Therefore, the
study of solubility and thermodynamic parameters that
accompany the process of solvent interaction with a
solute, would allow to optimize the synthesis processes
and purification of organic compounds.

This work is a continuation of a series of our
studies related to the determination of thermodynamic
parameters of individual organic compounds and their
solutions [7-10].
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2. Experimental

The synthesis of esters was carried out at the
Department of Organic Chemistry at Ivan Franko National
University of Lviv according to the procedure described in
[11]. The synthesis was carried out in a glass reactor
loaded with corresponding aromatic aldehyde, urea,
methyl or ethyl esters of acetoacetic acid in the presence
of concentrated hydrochloric acid, in the medium of
ethanol. The mixture was boiled for 3 h, then it was
cooled to 273 K and left to crystallize. The obtained
precipitate was filtrated and then purified by double
recrystallization from ethanol.

The compounds purity was determined by chro-
matography using an Agilent 1100 HPLC equipped with a
diode matrix and a mass selector on a Zorbax SB-C18
column (4.6x15 mm); eluent was A acetonitrile-water with
0.1% TFA.

Olena Klachko et al.

The structural formulas and purity of the
investigated compounds are shown in Table 1.

The synthesized esters were identified by NMR
spectroscopy using Varian 400 (400 MHz) and DMSO-
D6 solvent. The chemical shifts (5, ppm) recorded
relatively to DMSO signal (2.5 ppm) are also shown in
Table 1. The combustion energy of the compounds was
determined on a precision calorimeter B-08-MA with an
isothermal shell (+0.003 K) and a static calorimetric
bomb. The energy equivalent of the calorimetric system
was determined with the accuracy of +0.06 % by the
combustion of the reference benzoic acid of K-1 brand
(main component content is 99.995+0.01 mol %). The
heat of combustion of benzoic acid, taking into account
the Jessup factor is AUy = -26434.4 J/g. The combustion
was carried out at 298 K in an oxygen atmosphere at a
pressure of 3.04-10° Pa. Hereinafter, the standard deviation of
the mean values is calculated using the Student's criterion
for a 5% significance level.

Table 1
The structural formulas and purity of
6-methyl-2-oxo0-4-aryl-1,2,3,4-tetrahydropyrimidine-5-carboxylic acids esters
Chemical shifts Content of
main
Symbol Compound Structural formula compound,
wt %
2 "HNMR 3: 1.09 (t,J 8,0, 3H, CH,CH,),
Ethyl 6-methyl-2-0x0-4- HNJ\NH 2.25 (s, 3H, CH3), 3.97 (q, ] = 8.0 Hz,
phenyl-1,2,3,4- 2H, CH,), 5.14 (s, 1H, CH), 7.20-7.36
1 tetrahydropyrimidine-5- Q)IK (m, 5H, Ph), 7.74 (s,1H, NH), 9.19 99.9
carboxylate (s,1H, NH)
C13HiN;0; P
HaC
Ethyl 6-methyl-4-(4- j\ "H NMR (400 MHz, DMSO) &: 9.10 (s,
methylphenyl)-2-oxo- U SNH 1H, NH), 7.63 (s, |H, NH), 7.07 (s, 4H
12,34 P CeHy), 5.06 (s, 1H, CH), 3.95-3.90 (m,
1 tetrahydropyrimidine-5- MCHs 2H, OCH,CH;), 2.20 (s, 3H, CH;), 2.21 99.9
carboxylate HyC 0 X0 (s, 3H, CHj3), 1.05 (t, J= 6.9 Hz, 3H,
Ci4Hi6N:O5 H3C) OCH,CH;)
0 "H NMR (400 MHz, DMSO)  9.09 (s,
Ethyl 4-(4-methoxyphenyl)- HNJ\NH 1H, NH), 7.61 (s, 1H, NH), 7.09 (d,
6-methyl-2-0x0-1,2,3,4- J=28.3 Hz, 2H, C¢Hy), 6.82 (d, J=8.5
11T tetrahydropyrimidine-5- = cH, | Hz, 1H, C¢H,), 5.04 (s, 1H, CH), 99.8
carboxylate oo N0 4.01-3.85 (m, 2H, OCH,CH;), 3.68 (s,
C14H1(,N204 s ) 3H, CH30), 2.20 (S, 3H, CH3), 1.06 (t,
HyC J=6.9 Hz, 3H, OCH,CH;).
/ﬁ\ "H NMR (400 MHz, DMSO) &: 9.06 (s,
Ethyl 4-(6-methoxyphenyl)- POy iy NH IH, NH), 7.27 - 114 (m, 2H, NH +
CeHy), 7.00 (d, J = 5.9 Hz, 1H, C¢Hy),
6-methyl-2-oxo0-1,2,3,4- _ _
v tetrahydropyrimidine-5- CHj 6.94 (d,J="7.7 Hz, 1H, C¢H,), 6.83 (d, 99.7
carboxylate IS J=6.8 Hz, 1H, C¢Hy), 5.45 (s, 1H, CH),
CLHNO o 3.92 - 3.84 (m, 2H, OCH,CHj), 3.75 (s,
1ETI6TT j) 3H, CH;0C¢H,), 2.23 (s, 3H, CH3),
HsC 0.98 (t,J= 6.8 Hz, 3H, OCH,CHj).
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Under normal conditions the investigated com-
pounds are solid. Before the experiments the samples
were compressed into a tablet using a stainless steel press
form and hand press.

The weight of the burned compound was
determined according to the CO, amount in the gaseous
combustion products with the accuracy of +1-10™ g. The
amount of soot formed at the sides of platinum dish was
determined by weighting the dish with the accuracy of
+5-10° g. The amount of HNO; formed in the experiment
was determined by titration with 0.1N KOH solution [12].

The enthalpies of the phase transitions were
calculated according to the data of derivatographic
analysis, which was performed using two different
Q-1500 D derivatographs of the Paulik-Paulik-Erdey
system. Samples were analyzed in the corundum and
platinum crucibles under dynamic mode with heating rates
of 2.5 and 5 K/min [13].

Enthalpy of vaporization (A,,/1) was determined
by the temperature dependence of their vaporization rate
v = Am/Atr in that temperature range where the
compounds were in a liquid state prior to the beginning of
the degradation processes. The integral curve of weight
loss was differentiated every 30 seconds. The temperature
dependences of the evaporation rate of the compounds
were analyzed in the coordinates of the Arrhenius
equation Inv = 4 — B/T, where B = E,,./R. Condensation of
vapor in the presence of a liquid phase is an activationless
process, so it can be assumed that the enthalpy of
activation of this process and A,p/7 are equal (Eq. 1)

AvapH = Eact + Rz}us (1)

The enthalpy of fusion (Asdd) was calculated
taking into account the heat absorbed by vaporization of
the lost mass of the sample (Eq. 2).

KS= Qﬁts + Qvap = mO'AﬁtsH + Amvap'AvapH (2)
where QOps and Q,q, are the amount of heat absorbed
during fusion or evaporation of the sample, respectively,
J; mgy is the mass of the sample corresponding to the
temperature of its fusion beginning Ty, g; Am,g, is the
weight loss of the sample (vapor mass) over the period
taken into account when determining the peak area S (K-s)
under the DTA curve, g; K is a heat transfer coefficient,
determined individually for applied derivatographs, using
samples of adipic acid, biphenyl, silver nitrate and
reference benzoic acid K-1, J/Ks), Ags and A,pH are
specific enthalpies of fusion and vaporization of the
compound, respectively, J/g.

3. Results and Discussion

The values of heat of combustion and combustion
completeness of the compounds determined by the
calorimetric method are given in Table 2.

The values of the standard enthalpy of combustion
AcH'0s (KJ/mol) of the investigated compounds were
calculated by the average values of internal energy change
under the experimental conditions, taking into account the
Washburn correction © [14] and the correction for
expansion energy AnRT.

The standard formation enthalpies AfHozgg of the
investigated compounds were calculated using standard
enthalpy of combustion and standard formation enthalpy
of combustion products [15].

The results of the calorimetric determination of
standard enthalpies of combustion and formation of
investigated compounds in the solid state at 298 K are
shown in Table 3.

The parameters of the vaporization determined by
derivatography are represented in Table 4.

The values of the enthalpy of fusion (Ag/)
calculated by Eq. (2) are given in Table 5.

The values of enthalpy of sublimation (AgsH,
Table 6), required to calculate the enthalpy of formation in
the gaseous state, were calculated according to Eq. (3):

AsubH = AﬁtsH + Avap[_I (3)

These values were calculated at fusion points of the
compounds, and the enthalpies of the formation in the
condensed state — at 298 K. The values of phase
transitions enthalpy are recalculated according to the
Kirchhoff equation in which the change in heat capacity
AC, during the corresponding phase transition is unknown
and determined experimentally. In the absence of
experimentally determined values AC,, we used two
known methods of calculation:

1) the method of additive group contributions of
Chikos and Agri [16], in which the values of the heat
capacity of compounds in the solid state are calculated by
the additive scheme;

AguH98.15 = AguipH s + (0.75 + 0.15505:0Cp208.15) (Thus —
—298.15) 4
i1) the semi-empirical method of calculation [16];
A511171_1298.15 = AsubHT}‘its + (0259 +
+ 0.041)-M-(Tps— 298.15) (5)

The results of the recalculations are given in Table 6.

The calculated values of enthalpy of sublimation
differ from each other within the error of the experiment,
indicating that both methods can be used for the
calculations.

With the help of the obtained values we were able
to calculate the enthalpies of the formation for the
investigated compounds in the gas phase. Many previous
publications [17, 18] proved the effectiveness of using the
Benson additive scheme for the calculation of enthalpy of
compound formation relative to group contributions.
Therefore, we decided to test the possibility of applying
this scheme to the compounds under study. The values
necessary for the calculations are given in Table 7 [19].
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Table 2
Heat of combustion of the compounds in a solid state
Compound symbol iilgltl):f m,g AT,V -AU, J- g-1 Mexp/Meqic

1 0.24486 0.66014 27592 0.9996
1 0.12809 0.34956 27647 0.9999
1 0.19232 0.52204 27643 0.9979
1 0.23127 0.62511 27597 0.9985
1 2 0.23505 0.63590 27616 0.9996
2 0.30622 0.82599 27651 0.9989
2 0.36359 0.97742 27617 0.9969
2 0.39177 1.05437 27638 0.9976

Average value -A .U = 27625+19
1 0.33538 0.93305 28533 0.9975
1 0.27051 0.75193 28544 0.9999
1 0.19350 0.54012 28559 0.9986
1 0.12560 0.35352 28566 0.9989
II 2 0.26179 0.72896 28559 0.9995
2 0.21739 0.60837 28551 0.9993
2 0.33475 0.93308 28571 0.9986
2 0.12171 0.34390 28567 0.9979

Average value -A U = 28556+12
1 0.15508 0.40343 26510 0.9989
1 0.26073 0.67660 26533 0.9996
1 0.10943 0.28879 26568 0.9990
1 0.09685 0.25633 26539 0.9976
1 2 0.19358 0.50419 26544 0.9999
2 0.34368 0.88743 26518 0.9989
2 0.33436 0.86348 26532 0.9980
2 0.26621 0.68978 26568 0.9986

Average value -A .U =26539+17
1 0.14044 0.36578 26485 0.9998
1 0.13356 0.34743 26493 0.9986
1 0.10903 0.28530 26512 0.9999
1 0.16190 0.42091 26509 0.9985
v 2 0.17948 0.46091 26521 0.9990
2 0.35435 0.91499 26475 0.9979
2 0.31425 0.81070 26501 0.9986
2 0.31793 0.82084 26507 0.9991

Average value -A .U = 26500+16

Note: * the compounds obtained during two different syntheses were used
Table 3
Energy, standard enthalpy of combustion and formation enthalpy
of investigated compounds in a solid state, kJ/mol
C:ynggg?d -AU -1 -AnRT -AH 05 -AdH 05

1 71954149 4.9 3.7 71992+ 4.9 596.6+ 6.3
1I 7838.6+ 3.4 5.1 5.0 7843.6+ 3.4 6316+ 34
1T 7710.1x 5.1 53 3.7 7713.8x 5.1 7614+ 5.1
v 7698.9t 4.6 53 3.7 7702.6 £ 4.6 7726+ 4.6
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Table 4
Parameters of vaporization process according to DTA
Compound . /103 )
symbol Synthesis number | Temperature range, K | Y Am™10", g A B A,qpH, kJ/mol
1 512.8-564.8 2.94 18.32 11091 96.2
1 529.2-578.7 8.41 18.15 10832 94.0
I 2 489.7-553.3 15.7 20.01 11014 95.6
2% 498.4-533.0 1.59 18.78 10846 94.2
Average value A,,,/[1 = 95.0£1.7
1* 549.8-579.9 1.78 22.31 13347 115.1
II 2% 528.8-556.9 1.01 23.22 13017 112.3
Average value A,,,/[{ = 113.7+4.4
1 505.5-549.6 0.81 23.59 14381 123.6
1 2 525.5-534.6 0.30 23.38 14238 1234
2% 543.3-576.1 1.35 23.74 14600 1254
Average value A,/ = 123.8+2.8
1 543.5-569.0 6.52 27.38 16473 1414
1* 550.6-586.7 2.03 28.72 16403 140.8
v 2 549.4-566.5 10.3 26.76 16225 139.3
2% 547.7-582.2 3.27 29.47 16581 142.3
Average value A,/ = 141.0£2.0
Note: * platinum crucible, heating rate is 5 K/min
Table 5
Enthalpies of fusion of the investigated compounds at the fusion point
Compound Synthesis
symbol umber mo, g A, 8 S, K-s K, J/K:s Graps AysH, kJ/mol
1 0.2014 0.0013 737.4 0.04536 0.4883 42.6
I 1 0.1985 0.0022 765.0 0.04536 0.8078 44.4
_ 2 0.2040 0.0052 823.5 0.04536 1.906 452
T = 480.6£1.1 K 2 0.1034 0.0003 406.7 0.04271 0.1218 434
Average value Ay, 1= 43.9+1.8
I 1 0.0544 0.0002 222.5 0.04394 0.0814 48.9
2 0.0175 0.0004 75.9 0.04394 0.1602 49.9
Tss=494.4£1.0K
- Average value A, H = 49.4+1.6
1 0.2017 0.0002 685.9 0.04547 0.0947 44.5
III 2 0.2000 0.0005 666.7 0.04547 0.2270 43.7
T4=481.3£1.1K 2% 0.1037 0.0002 373.5 0.04277 0.0908 44.7
Average value A, /7 =44.3£1.0
1 0.1982 0.0091 876.0 0.05416 4397 63.1
v 1 0.1047 0.0020 511.7 0.04749 0.9891 64.7
T =534.441 8K 2 0.1981 0.0178 981.1 0.05416 8.656 65.2
Jus B 2 0.0190 0.0009 96.5 0.4749 0.4364 63.5
Average value Ay, = 64.1£1.6
Note: * platinum crucible, heating rate is 5 K/min
Table 6
Enthalpy of sublimation of the investigated compounds, kJ/mol
Compound symbol Ty K AvsHgis AgpH9s according to Eq. (4) ApHa9s according to Eq. (5)
I 480.6+1.1 1389+2.5 148.5+3.0 151.242.9
I 494.4+1.0 163.1 +4.7 174.3+5.2 177.1+£54
11 481.3+1.1 168.1 +3.0 183.6+3.5 187.0+£3.4
v 534.4+1.8 205.1 £2.6 218.6+3.1 222.9+3.0
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The experimental and calculated according to the
Benson additive scheme values of the enthalpy of
formation of the investigated compounds in the gas phase
are represented in Table 8. For the compound I, the
enthalpy of formation the calculated value practically
coincides with the experimentally determined one. For
compounds II and III, having a substituent at the benzene
ring in the para-position, a deviation of 26.5+2.5 kJ/mol is
observed, which can be explained by the additional
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interaction of this substituent with the methyl-oxo(CH;0-)
group. The most interesting results were obtained for the
compound IV having a methyl-oxo substituent at the
benzene ring in the ortho-position. The deviation from the
Benson scheme for this compound is 53.1 kJ/mol, which
can be explained by the interaction of oxygen of the
methyl-oxo group and hydrogen bonded to nitrogen in the
heterocycle, as well as by the formation of an intra-
molecular hydrogen bond.

Table 7
Group contributions necessary to calculate the enthalpy
of formation of investigated compounds in the gas state (kJ/mol)
Increment AH 95 Increment AH 95
C-(O)(H)=C—-(C) (H)= 429 0-(C) (©) -94.6
C—(Cy) (H);=C—-(0) (H); ’ 0-(C)(CO) -172.8
N —(Cy) (CO) (H)=N—(C) (CO) (H) -18.4 C,— (Cy), (C) 23.0
C —(C) (0) (H), -35.6 Co— (Cy)» (H) 183
C—(Cy (G (N) (H) -21.8 (O (S (O)] -1.5
Cyq—(Cy) (C) (N) 45.2 CO —(Cy) (O) -140.2
Cys—(C) (CO) 39.3 CO-(N), -131.8
Table 8
Enthalpies of formation of the investigated compounds in the gas phase (kJ/mol)
'AjHO 298, 8
Compound symbol experimental calculated A
I 44671 7.6 446.9 0.2
I 4559+ 8.2 479.9 24.0
I 576.1% 7.1 605.0 28.9
v 5519163 597.6 53.1

4, Conclusions

The enthalpies of combustion, formation, fusion,
vaporization and sublimation of 6-methyl-2-oxo-4-aryl-
1,2,3,4-tetrahydropyrimidine-5-carboxylic  acids  were
determined. The possible use of the Benson additive
scheme for this class of compounds was demonstrated.
The obtained experimental and calculated data may be
used to predict the reactivity of the investigated
compounds, to calculate the energy parameters of the
processes they are involved in, as well as to optimize their
synthesis and purification processes.
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TEPMOJINHAMIYHI BJACTABOCTI ECTEPIB 6-
METII-2-OKCO-4-APWJI-1,2,3,4-
TETPATUIPOITIPUMIINH-5-KAPBOHOBUX
KHACJOT

Anomayin. Memodom Gomboeoi kanopumempii excnepu-
MEHMALbHO 00epAHCani eHepeii 320psiutsL ecmepis: emui 6-memu-2-
oxco-4-penin-1,2,3,4-mempacioponipumioun-5-kapooxcunam;
emun  6-memun-4-(4-memungpenin)- 2-oxco-1,2,3,4-mempacioponi-

283

pumioun-5-kapboxcunam; emun 4-(4-memoxcugenin)-6-memun-2-
okco-1,2,3,4-mempazioponipumioun-5-kapboxcunam, emun 4-(2-
Memoxcughenin)-6-memun-2-oxco-1,2, 3,4-mempazioponipumioun-5-
Kapbokcunam. 3a eKcnepuMeHmanbHuMu OAHUMU PO3PAXOBAHI
eHmANbNIl 320PSHHSL A eHMAbNIL YMBOPEHHSI 8 MBEPOOMY CMIGHI.
Jlepusamoepaghiunum memooom nposedenHo amaniz O0CHONCEHUX
peuosun 6 Oianazoni memnepamyp 483,000577,5 K. 3a oanumu
Oughepenyitino-mepmiuHo2o0 aHAaNizy PO3PAXOBAHO BETUHUHU eH-
manvnill NIAGNEHHs, SUNApogysanHs ma cyorivayii. 3a o0dep-
JHCAHUMU OAHUMU PO3PAXOBAHI eHMANLNIT YMEOPEHHsL OOCTIONCEHUX
pedosur 8 2azonodioHomy cmati. IIpo0emMoHCmposano Mooic-
AUBICMb BUKOPUCMAHHA a0umueHoi cxemu bencona ons pospaxyuky
eHmMAanbnii YmeopeHHs.

Knrouosi cnosa: enmanvnisi 320psinis, eHmMAnonis ymeo-
DEHHsl, eHMANbNISL NIAGNEHH S, eHMALbNIS GUNAPOBYBAHHSl, eHMAIb-
nisi cybnimayii, ecmepu 6-memui-2-oxco-4-apun-1,2,3,4-mempa-
2I0pONIPUMIOUH-5-KapOOHOBUX KUCIIOM.



