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Knauko Onena Pocmucnagiena. TepMoauHaMivHiI BJIACTHBOCTI ecTepiB
6-mMeTHII-2-0KCO0-4-apui-1,2,3,4-TeTparigponipumMianH-5-kapo0HOBOI KUCJI0TH Ta
IX po34MHIiB B OpraHiyHux po3uyuHHukax. — Kpajigikaniiina HaykoBa npaus Ha
npaBax PyKoMmucy.

Hucepraitiss Ha 3700yTTS HAyKOBOro CTymeHs JokTopa ¢urocodii 3a
cnemianbhicTio 102 -  Ximis. — HamionansHuii  yHiBepcuteT «JIbBiBChKa
ITomitexuika». JIbBiB, 2021.

B nanomy naucepramiiHOMy [JOCHIDKEHHI BHPIIIEHO BaXXJIMBE HAYKOBO-
OpakTHUYHE 3aBlIaHHS Ans ramy3l 3HaHb 10 Ilpupoanuui Hayku — BU3HAYEHO
TepPMOJMHAMIUHI  BJACTUBOCTI CE€MH ecTepiB  6-MeTwiI-2-okco-4-apun-1,2,3,4-
TETPariIpomipruMIIUH-5-KapOOHOBOT KHUCIOTH Ta IX PO3YMHIB B OpPraHIYHUX
PO3UMHHUKAX.

[ToximHi TETpariIpompUMIIMHOBOIO psiy HAa CHOTOJHIIIHIA JI€Hb MAaloTh
IIMPOKE 3aCTOCYBaHHS y (papMaleBTUYHIM MPOMMCIOBOCTI, IIO TMOB'SI3aHO 3
IIUPOKUM CHEKTPOM iXHIX BiacTUBOCTEW. OJHaK, MONPU BCIO BaXKIUBICTH JAHOTO
KJIacy CIIOJYK, iX TepPMOJMHAMIYHI BJACTUBOCTI BUBYEHI HEIOCTATHHO. Y JITEpaTypi
BIJICYTHI EHTANBMINHI XapaKTEPUCTUKHU, sKi O 3a0e3meymir ICHYH4Yl CXEMH
pPO3paxyHKy €HTaJIbMIN YTBOPEHHS, BUIIAPOBYBaHHS, CyOiiMaIlli Ta PO3YMHEHHS.
Came TOMy HEOOXIJHICTh BHUBYEHHS TEPMOJMHAMIYHUX MapaMeTpiB MOXITHUX
TUTIAPOMPUMIINHIB € BaXJIMBUM 3aBAaHHAM TEPMOJAWMHAMIKUA. AKTYaJbHICTh
MPOBEJCHUX JIOCHIKCHh OOYMOBIIOETBCA SIK 3 TEOPETHYHOI TOYKH 30py —
MOSICHCHHSIM  OCOOJIMBOCTEH Ta cnenudiku CTPYKTYpHOI OYI0BH, TPHUPOIH
MDKMOJICKYJIIPHUX Ta BHYTPIIIHbOMOJICKYJIIPHUX 3B’SI3KIB, TaK 1 3 NMPAKTHYHOI —
pPO3pOOKOI0 HOBHX METOJWK, SIKi O CIpOIIyBali Ta YJOCKOHATIOBAIH TPOIECH
oJlepKaHHS Ta OYHCTKM TETPAriIPOMIPUMIINHIB, IIJICCOPSIMOBAHUN CHUHTE3 13
Harepe]] 3aJaHUMU XapaKTePUCTUKAMH.

HaykoBa HOBHM3Ha ojiep:KaHMX pe3yJbTaTiB. Y pe3ynbTaTi BUKOHAHUX
EKCIIEPUMEHTAIbHUX JOCIIIKEHb:

— i1 CeMM TPEACTAaBHMKIB Kjacy ecTepiB 6-meTuii-2-okco-4-apui-1,2,3,4-

TETPariIpoMpUMIIUH-5-KapOOHOBOT KUCIOTH BIEPIE €KCIIEPUMEHTAIBLHO OJIEpKaHi



HACTYIIHI TEPMOJUHAMIUHI MMapaMeTpHu: €HTAJbIIIl 3rOpaHHA, EHTaNbIIi YTBOPEHHS B
KOHJICHCOBAaHOMY CTaHi, CHTaJbIlli BUMAPOBYBaHHS Ta CyOJiMallli, eHTasbIIii

PO3YMHEHHS, TEMIIEPATYPHI 3aJI€KHOCTI PO3UHMHHOCTI;

— TMpOaHANI30BaHO BIUIMB  BJIACTUBOCTEH  JOCHI[DKEHHX  CHOJYyK  Ha

TEPMOJIMHAMIYHI MTapaMeTPH iX PO3UMHIB B OPraHIYHUX POIUYMHHHUKAX;

— TMPOAHATI30BAaHO MOXKJIWBICTh BHUKOPHUCTAHHS QJAWTHBHUX CXEM JUIA
PO3paxyHKy €HTaJbII1 YTBOPEHHS JJAHOTO KJIacy CIOIYK.

IIpakTHYHe 3HAYEHHS OJleP:KAHUX Pe3yJIbTATiB.

OpepxaHi  3HAYEHHS TEPMOJAMHAMIYHMX BEJIMYUH JIAIOTh  MOJKIIUBICTD
ONTHMI3yBaTU MPOLECH OJIEpKaHHS JOCHIIPKEHOr0 psAly CHOJIYK (CTaHAapTHA
€HTaJIbIISl YTBOPEHHS Ta 3TOpPaHHS, CEHTAJIbIS BUINAPOBYBAHHS), a TaKOXK IS
IPOLIECIB X PO3AUICHHS Ta OYUCTKHU (PO3UYMHHICTh B OPTaHIYHUX PO3UYMHHHUKAX).

[linTBepKEeHHS 1HAUMBIAYANbHOCTI JOCHII)KYBAaHUX CIOJIYK MPOBOAMIA 3a
pesynbratamu AMP-criektpockornii. YucToTy peyoBUH, sIKa CTAHOBUTH HE MEHIIIE
99,9%, mepeBipsuM 3a JOMOMOTOI0 PIIMHHOT XpomaTtorpadii BUCOKOTO THUCKY Ha

npuiazai Agilent 1100 HPLC.

Tabmn 1
PeuoBuna M, r/mMonb Thus, K PeuoBuna | M, r/monn T, K
Metun 6-metun-2-okco-4-¢enin-1,2,3,4- Mertun 6-metun-4-(4-metundenin)- 2-okco-1,2,3,4
TeTpariaponipuMianH-S-kapookcunar (I) TeTpariiponipuMiauH-S-kapookcunat (1)
O [¢)
HN)J\NH HN/”\NH
Z>ch, e,
o~ Yo HaC 0" o
& s

C13H1403N> 246,26 487,7+1,0 | C14aH1603N; 260,29 487,1+1,2




[TponoBxenus Tadbmmi 1

Mertun 4-(4-metokcudenin)-6-MeTuI-2-0Kco-

1,2,3,4-terparigponipuMianH-5-kapOoKcHIaT

Etun 6-metun-2-oxco-4-¢denin-1,2,3,4-

TeTparigpomipumiana-5-kapookcuiar (IV)

an
(0] (@]
HN)J\NH HN)J\NH
H3C\
(@) (I) (@] i (@)
CHy CH,
C14H1604N, 276,29 473,5+1,1 | C14sH1603N, 260,29 480,6%1,1

Etun 6-metun-4-(4-metundenin)- 2-okco-

1,2,3,4-terparigponipuMiauH-5-kapOoKcHIaT

Etun 4-(4-metokcudenin)-6-metuii-2-okco-

1,2,3,4-terpariaponipuMiauH-5-KapOOKCcHIaT

V) (V1)

CH,
C15H1803N; 274,32 494,4+1,0 | Ci5sH1804N> 290,32 481,3+1,1
Etun 4-(2-metokcudenin)-6-metuin-2-okco-1,2,3,4-retpariapomnipumiana-5-kapookcunar (V1)
0
H3C\o HNJ\NH

C1sH1804N, 290,32 534,4+1.8

3a nomoMoror Metoay OoMO0BOI KajopuMeTpii Oynu BH3HAYEH! CHTAIBITII

sropaHHsi (AcH%gg15) Ta eHTanmpmii yTBOpPeHHsT B TBEpAiM Ta Ta3oBil (Qazax

(AH%gs15(S), AfH%gs15(g)). Bemumumawm enramemiii  maaBimeHHS  (AnsH o8 15),
BUNIAPOBYBaHHS (AyapH%9s,15) Ta cyOmimartii (AsuH%ags,15) OyJIU BCTAHOBIICHI METOJIOM
nudepeHIIHHOTEPMIYHOTO  (TEepMOTpaBIMETPUYHOTO)  aHamiizy.  EHTanbmiiini
XapaKTEPUCTHKH  PO3YMHEHHS  (AsoH%9s15) Ta  3mimryBaHHS  (AmixH %98.15)




PO3paxoBYBaJIM 3a JAHUMHU 3aJICKHOCTEH PO3YMHHOCTI JOCHIKYBAHUX PEYOBHH BiJ

TEeMIIepaTypHu.

3HalifieHl eHTaJbIIiHI BEJIWYMHU, BU3HAYCHI 3a JAHUMH EKCIEPUMEHTAIbHUX

JIOCIIJKEHD HABEAEHI B TA0JI. 2.

Ta0mung 2

EnTanpmiitai XapakKTepUCTUKH TOCTIKYBAHOTO PSIAY CIOJIYK

PewoBnna | AcH%gg15 | AtH%gg15(c) | AtH%08,15(9) | ArusH98,15 | AvapH 298,15 | AsunH298,15
kJI>k/MOJIb

| 6562,1+6,3 | 554,4+6,3 | 412,7+/7,7 | 27,2+2,2 | 120,4+1,6 | 143,1+3,1

1 7214,1+£3,8 | 581,8+3,8 | 425,9+5,8 | 30,1+1,6 | 131,3+2,3 | 157,3+3,1

Il 7082,0£3,7 | 713,8+3,7 | 554,054 | 29,0+0,7 | 137,0+1,8 | 160,8+2,7

v 7199,2+4 9| 596,6+6,3 | 446,7+7,6 | 31,5£1,9 | 123,1+1,8 | 151,2+2,9

V 7843,6x3,4 | 631,634 | 455,9+8,2 | 34,9+1,7 | 1455+4,6 | 177,1+5,4

VI 7713,845,1 | 761,4+5,1 | 576,1+7,1 | 355+1,1 | 155,229 | 187,0£3,4
VII 7702,6x4,6 | 772,6x4,6 | 551,9+6,3 | 43,1+1,7 | 181,6+2,1 | 222,9+3,0

EnTanbmii yTBOpeHHs B ra3oBiil (a3l po3paxoByBadM 3 BHUKOPUCTAHHSAM

eHTaNbMIN cyOmimariii 3a temneparypu 298,15 K. [Ins mopiBHSAHHS BEIWYUH iX

nepepaxoByBaiu Ha 298,15 K 3a 1011oMororo 180X pi3HUX PO3PAXYHKOBUX METO/IIB, a

came: MeTonoM 3ampornoHoBaHuM Yikocom Ta Arpi (Mmeronm 1) Ta MeroaoMm

po3pobsieHnM Ha kadenpi (Hi3uyHO1, aHATITUYHOI Ta 3aralbHOi XiMii HarionansHoro

yHiBepcuteTy «JIbBIBChbKa MosiTexHikay (Meron 2) (Tabn.3).

TaOmung 3

Enrtanemii ¢azoBux nepexois (kJx/Monb) nepepaxoBanux jo0 298,15 K

Meton JATA
PeyoBuna | Meton
AnsH29815 | AvapH29s,15 AsubH208,15
| 1 22,613,0 116,8+2,0 140,3+3,1
2 27,722 120,4+1,6 143,1+3,1
' 1 27,0+2,6 127,627 154,5+3,1
2 30,1+1,6 131,3+2,3 157,3+3,1




[IpomoBxenHs Tadbmmi 3

1 25,716 133,2+2,2 158,9+2,9
. 2 29,0+0,65 | 137,0+1,8 160,8+2,7
v 1 28,9+2,8 119,722 148,5+3,0
2 31,519 123,1+1,8 151,2+2,9
\Y 1 32,6+2,6 141,749 174,3+5,2
2 34,9+1,7 145,5+4,6 177,154
VIl 1 33,7+2,1 151,3+3,3 183,6+3,5
2 35,5+1,1 155,2+2 9 187,0+£3,4
VII 1 43,8+2,7 176,5+2,5 218,6%3,1
2 43,1+1,7 181,6+2,1 222,9+3,0

EKCHGpI/IMCHTaHBHe BU3HAYCHHS CHTAJIBITIMHUX XApPaKTCPHUCTHUK € CKIIaJIHHUM,

AJOBIOTpHUBAJINM Ta BapTiCHI/IM IIpOLCCOM. TOMy, Ha HpaKTI/II_[i qacCTo

BUKOPUCTOBYIOTh TEOPETHYHI METOAM pPO3paxyHKy MJaHUX BEIWYUH. Mu
IIPOaHai3yBajidi MOXKJIUBICTh 3aCTOCYBaHHSI METOAY AJUTUBHO-TPYNOBUX BHECKIB,
3anponoHoBaHOro beHcoHoMm. 3a MM METOJOM PO3pPaXxOBYIOTh €HTAJIbIII YTBOPEHHS
B Ta3l, OCKIJIBKH B IIbOMY CTaH1 HalMEHII BUPKEHI MIXKMOJIEKYJISIPHI B3a€MOII.
VY Tabnuii 4 HaBeleHI 3HAYCHHS CHTAJIBINN YTBOPEHHS B rasi, po3paxoBaHi
TEOPETUYHMUM METOJIOM Ta BU3HAYEHI €KCIIEPUMEHTAIBHO.
Tabmnis 4
Po3paxoBani 3a aiMTHBHOIO cXeMOI0 beHcoHa Ta eKcriepruMeHTaIbHO BU3HAUCH]

€HTaJbII11 YTBOPEHHS TETPAriIpoNiprUMIJIMHIB Y Ta30M01I0HOMY CTaH1

'AfHoexp, AH,
PedoBuna -AtH care, K/ MO
k/J[>x/MOJIb k/JI>x/MOITB

| 412,7+7,7 411,3 -14

] 425,9+5,8 4443 18,4

1 554,0+5,4 569,4 15,4

v 446,7+7,6 446,9 0,2

\/ 455,9+8,2 479,9 24,0




[TpomoBxenus Tadmmi 4

\4 576,1+7,1 605,0 28,9

VII 551,9+6,3 605,0 53,1

Po3paxoBaHi Ta eKCriepuMEHTAIbHO BU3HAUCHI BEJIMUYMHUA €HTAIBIIN YTBOPEHHS
B ra3i € noaiOH1 TUIKU i | Ta V pedoBUH. Y PEIITH PEUOBHUH CIIOCTEPIrac€ThCs
BIIXWJICHHS BHACIIJOK MPHCYTHOCTI, SK 3aMICHHUKA, OUIA OEH30JbHOTO KUIBIIS
METUJIBHOI, 800 OKCUMETWIbHOI rpymnu. [Ipudomy 1ie BIAXUIIEHHS € MPUOIU3HO AJIs
pedouH II, III, V, VI ognakoBum 1 cranoButh 21,7 +4,8 kJ[>K/MOJb, IO CBITYUTH
PO HASBHICTh CHEPTrETUYHOTO HANPYXKEHHS B MOJICKYJ BHACTIIOK BBEICHHS
3aMIiCHUKA B O€H30JbHE KUIbIIE.

s VIl peyoBuHM BiIXUJIEHHS 3HA4HO Outbiie 1 ckianae 53,1 k/[x/Momb, 110
CBIJTYUTH MPO HASBHICTH JOJIATKOBHUX 3B’SI3KIB BCEPENMHI MOJIEKYJIU. AHaANI3 Oy10BU
i€l pPEYOBMHM TMOKa3y€, IO MOMKJIMUBE ICHYBaHHS BHYTPIIIHbOMOJEKYJISIPHOIO
BOJHEBOTO 3B’SI3Ky MK aTOMOM KHCHIO MPHUEAHAHOTO /10 OEH30JBHOTO KIIbLS 1
aTOMOM BOJIHIO, IIPUETHAHOTO JI0 aTOMa a30Ty. BenuunHa 11,010 3B°SI3Ky 3a HAIIUMHU
po3paxynkamu ckianae 31,4 +4,8 kJx/Mob.

TepmonunamiuHi  mapameTpu  po3duHEHHS  (AsoiH%os15, AsoiS%9s815) Ta
smityBaHHS  (AmixH%g0815, AmixS%9s8,15) pO3paxoBaHi 3a JaHUMH 3aJICKHOCTEH
PO3YMHHOCTI JTOCHIJIKYBAaHUX PEYOBHUH B1J TEMIIEPATYPH HaBEACHI B TaOIuULII 5.

Tabmwmrs 5
TepMoauHaMIuHI XapaKTEPUCTUKU PO3ZUMHHOCTI AOCIIIHKYBAHUX

TETPariIpomipyuMiIMHIB B OPraHIYHUX PO3UMHHUKAX Mpu TemiepaTtypi 298,15 K.

AsoiH? AmixH° Aso1S° AmixS°®
Po3unnHMK
kJ[>x/MoJTb Jx/Mons K
I TB.
ATIETOHITPUIT 30,1+11 6,312,2 43,4433 0,5+4,9
Etunauerar 24,05+0,5 0,7£2,0 27,0£1,7 -15,1+4,3
[Iponan-2-on 31,4+0,86 8,1+2,1 48,7127 6,6+4,7
[Iponan-2-on 25,40+0,32 -1,8+2,2 35,7£1,1 -14,1+27
benzen 32,76+0,42 9,4+1,9 40,3+1,3 -2,61£2,5




[IpomoBxenHs Tadbmwmii 5

I TB.
ALIETOHITPUI 30,2+0,52 -0,2+2,0 38,717 -17,0+2,8
Etnnanerar 27,6%1.0 -2,8+2.1 36,0+3,3 -19,7+4,0
[Iponan-2-on 36,33+0,52 5,9+2,0 63,5+1,7 7,8+2,8
[Iponan-2-on 22,60+0,45 -7,8%£1,9 23,9112 -31,8+2,5
III TB.
ATeTOHITpHII 32,24+0,78 3,3+1,0 53,0£2,5 -2,3+2.9
Ernnanerar 23,07+0,87 -5,8+1,1 24.9+2 7 -30,4+3,1
[Iponan-2-on 37,19+0,88 8,3+1,1 64,9+2,8 9,6+3,1
[Ipoman-2-on 24,14+0,45 -4,8+1,0 33,315 -22,0+2,1
bensen 38,29+0,81 9,4+1,1 55,1+2,7 -0,2+3,1
IV 1B.
ATIETOHITPHII 37,68+0,24 55+2,0 62,97+0,7 2,5%+2,9
Etnnanerar 26,6+£1,0 -5,6+2,2 33,7+£3,3 -26,8+4 4
[Iponan-2-on 41,8+1,2 9,66+2,3 81,4+3,7 20,9+4.,7
[Ipoman-2-on 27,6x1,7 -4,6+2,6 37,8+5,7 -22,7+6,4
V 18B.
AUeTOHITpHI 31,36+0,35 -3,94+1,74 42,40+0,83 20,05+2,18
Ermnanerar 26,56+0,72 -8,34+1,85 31,9422 -30,55+2,98
[Tpoman-2-on 414411 6,5+2,0 79,5£3,5 17,05%4,04
[Ipoman-2-on 24,92+0,3 -9,98+1,73 30,1+1,0 32,35+2,25
VI 18B.
AUETOHITpUI 28,88+0,9 -3,0£2,9 39,2412 8 -20,8+4,4
Etunanerar 24,15+0,59 -11,35+1,25 26,4+19 -32,96+2,48
[Ipoman-2-on 44,29+0,47 8,79+1,20 89,2+1,1 29,84+1,93
[Tponan-2-ox 24,93+0,57 -10,57+1,24 33,219 -26,16+2,48
VII T18B.
ALICTOHITPHII 38,8+1,2 -4,3+2,1 45,7137 -22,35+4 .51
Etunanerar 24,83+0,37 -18,27+1,74 7,0£1,2 -61,05+2,85




Jlis BCIX PEUYOBHMH CIOCTEPIraeThCsl Kpalla PO3YMHHICTh Y KHCHEBMICHHUX
PO3YMHHMKAX, OCOOJMBO B THX, [0 MICTATh KapOOHUIBHY rpymy. lle MoxHa
MNOSICHUTH TUM, IO PEUYOBUHHU, SAKI MU PO3UMHSIU, TAKOX MICTATh KapOOHUIbHY
rpyny. B oMy x psigy KHCHEBMICHUX PO3YMHHHUKIB PO3ZYMHHICTH 3POCTAE 3 POCTOM
JTUIOJIBHOTO MOMEHTY pO34MHHUKAa. To0TO, MU MOXKEMO CTBEpIKYyBaTd, IO
PO3YMHHICTH JOCHIPKEHUX PEYOBHH 3pPOCTAE 3 POCTOM JTUNOJIBHOTO MOMEHTY
KHCHEBMICHOTO PO3UYHMHHUKA.

Haiiripury po3unnHicTs Mae VII pedoBuHa, B SIKOi € METOKCHJIBHUN 3aMICHUK B
Opmo-TIOJIOKEHHI, IO CYTTEBO BIUIMBAE HA BCi ii BIACTUBOCTI. SIK MIiATBEPIKEHHS
[[bOTO MPUIIYLIEHHS € T€, 10 B I1i€] pEUOBUHU € HANOUIbLIE 3HAUEHHS TEMIEepaTypu
TUTABJICHHS CEPe]l OCHTIKEHUX CITOYK.

Haiimenmni (1 Maibke y BCIX BHUIAJKax BIJI'€MHI) 3HAYEHHS EHTAJIBIIIM
3MIIIYBaHHS CIOCTEPIraloThCcsl MPU  YTBOPEHHI PO3YMHIB 3 IPOMNAHOHOM Ta
€TWJIALIETAaTOM, IO CBIJIYUTH MPO YTBOPEHHSA OUIbII MIIHUX 3B’S3KIB B PO3UYMHI
MOPIBHSHO 3 I1HAMBIAyaJlbHUMH pedoBMHaMu. lle Ha Hamry AymMKy Moxke OyTu
MOSICHEHE MPUCYTHICTIO KapOOHIIBHOI TPYNH B IIUX PO3UYMHHUKAX 1 B JOCTIHKEHHUX
peYOBHHAX.

JIJist pemTH pO3YMHHUKIB, 10 HE MICTATh KapOOHUIBHOI TPYMH, CHTAJIbIISA
3MIIIYBaHHS 3pOCTAE B PSAY:

AUETOHITPHUII — NPONaHoJ — OEH301

B 1mpomy X psay 3MEHUIYETbCS JUIOJBHUI MOMEHT PO3YMHHHMKIB 1 iX
J€JIeKTPUYHA MPOBIAHICTh, TOOTO MU MOKEMO CTBEPIKYBATH, IO JJIs1 HEMOIIOHUX
3a CTPYKTYpOIO MOJIGKYJI Ha JOCHIPKeHI pPEUYOBHMHM PO3YMHHHUKIB CHTAJIBIII]
3MINTYBaHHS 3pOCTa€ 31 3MEHIIEHHSM iX TMOJSPHOCTI, a OTXKE 3B S3KH, IO
YTBOPIOIOTBCS B PO3YMHI MDK PIZHOPIAHUMH  MOJIEKYyJaMH, CTalTh OLIbII

CHEPIeTUIHO CIIA0KUMHU.

KawuyoBi caoBa: TepmMoamHaMika, TepMOXiMis, CHTaIbIIIsSg, CHTPOITI,
YTBOPEHHsI, 3TOpaHHs, IUIABJICHHS, BUMAPOBYBAaHHS, CyOmiMallis, pO3YMHECHHS,
3MINIyBaHHS,  ecTepu  6-meTwi-2-okco-4-apui-1,2,3,4-tetpariaponipumianH-o-

KapOOHOBOI KHCJIOTH.



ABSTRACT

Klachko O. R. Thermodynamic properties of 6-methyl-2-oxo-4-aryl-
1,2,3,4-tetrahydropyrimidine-5-carboxylic acid esters and their solutions in
organic solvents. - Qualifying scientific work on the rights of the manuscript.

Dissertation for the Doctor of Philosophy (PhD) degree on specialty 102 —
Chemistry. Lviv Polytechnic National University, Ministry of Education and Science
of Ukraine, Lviv, 2021.

An important scientific and practical problem for the field of knowledge 10
Natural sciences was solved in this dissertation research, namely the thermodynamic
properties of seven esters of 6-methyl-2-oxo-4-aryl-1,2,3,4-tetrahydropyrimidine-5
carboxylic acid and their solutions in organic solvents were determined.

Derivatives of the tetrahydropyrimidine series are widely used in the
pharmaceutical industry, due to the wide range of their properties. However, despite
the importance of this class of compounds, their thermodynamic properties is
insufficiently studied. There are no enthalpy characteristics in the literature that
would provide the existing schemes for calculating the enthalpies of formation,
evaporation, sublimation and dissolution. That is why the study of the
thermodynamic parameters of dihydropyrimidine derivatives is an important task of
thermodynamics. The relevance of the research is determined both from a theoretical
point of view - an explanation of the features and specifics of the structural structure,
nature of intermolecular and intramolecular bonds, and from a practical point of view
- the development of new techniques that would simplify and improve the synthesis
and purification of tetrahydropyrimidines characteristics.

Scientific novelty of the obtained results. The results of experimental studies
are:

— for the first time the following thermodynamic parameters: enthalpy of
combustion, enthalpy of formation in the condensed state, enthalpy of evaporation
sublimation, enthalpy of dissolution, temperature dependences of solubility were
experimentally obtained for seven representatives of the class of esters of 6 methyl-2-

oxo-4-aryl-1,2,3,4-tetrahydropyrimidine-5-carboxylic acid;



— the influence of the properties of the investigated compounds on the

thermodynamic parameters of their solutions in organic solvents is analyzed;

— the possibility of using additive schemes to calculate the enthalpy of
formation of this class of compounds is analyzed.

The practical significance of the obtained results.

The obtained values of thermodynamic quantities make it possible to optimize
the processes of obtaining the studied series of compounds (standard enthalpy of
formation and combustion, enthalpy of evaporation), as well as for the processes of
their separation and purification (solubility in organic solvents).

Confirmation of the individuality of the test compounds was performed by NMR
spectroscopy. The purity of the substances, which is not less than 99,9%, was checked

by high pressure liquid chromatography on an Agilent 1100 HPLC instrument.

Table 1
Substance | M, g/mol Trs, K Substance | M, g/mol Trus, K
Methyl 6-methyl-2-0x0-4-phenyl-1,2,3,4-  Methyl 6-methyl-4- (4-methylphenyl) -2-ox0-1,2,3,
tetrahydropyrimidine-5-carboxylate (1) tetrahydropyrimidine-5-carboxylate (1)
O O
HN)J\NH HN/”\NH
o ~o HsC <|3 o
CH, CH,

C13H1403N> 246,26 487,7+£1,0 | C14H1603N; 260,29 487,1+1,2

Methyl 4- (4-methoxyphenyl) -6-methyl-2-oxo- Ethyl 6-methyl-2-ox0-4-phenyl-1,2,3,4-
1,2,3,4-tetrahydropyrimidine-5-carboxylate tetrahydropyrimidine-5-carboxylate (IV)
D)
0 o)
HN/M\NH HN/H\NH
Mcm Z e,
Co 0~ o o~ ~o
&, e,

C14H1604N> 276,29 473,5+1,1 | C14H1603N; 260,29 480,6+1,1




Continuation of table 1

Ethyl 6-methyl-4- (4-methylphenyl) -2-oxo- Ethyl 4- (4-methoxyphenyl) -6-methyl-2-oxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (V) | 1,2,3,4-tetrahydropyrimidine-5-carboxylate (V1)

o} o)
HNJ\NH HNJ\NH
7 ch, MCHB
S0 0~ ~o
H,C o~ ~o ]
I\CH He

C15H1803N> 274,32 494,4+1,0 | CisH1s0sN2 | 290,32 481,3+1,1

Ethyl 4- (2-methoxyphenyl) -6-methyl-2-ox0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (V1)

O

neo M

O HN NH

%

CH,

O O

CH,

C1sH1804N, 290,32 534,4+1.8

The enthalpies of combustion (AcH%gs15) and enthalpies of formation in the
solid and gas phases (AtH%ags15(S), AH%9s15(g) were determined using the bomb
calorimetry method. The values of enthalpies of melting (AsH%os15), evaporation
(AvapH%9s15) and sublimation (AsuwHC%9s15) were established by the method of
differential thermal (thermogravimetric) analysis. The enthalpy characteristics of
dissolution (AsoiH%9s15) and mixing (AmixH%9s15) were calculated according to the
dependences of the solubility of the test substances on temperature.

The found enthalpy values determined according to experimental studies are

given in table. 2.




Enthalpy characteristics of the studied series of compounds

Table 2

Substance | AcH%gs15 | AtH%9515(c) | AtH 29815(9) | ArusH %0815 | AvapHC 98,15 | AsubHC98,15
kJ/mol

| 6562,1+6,3 | 554,4+6,3 | 412,7£7,7 | 27,2+2,2 | 120,4+1,6 | 143,1+3,1

I 7214,1+3,8 | 581,8+3,8 | 425,9+58 | 30,1+1,6 | 131,3+2,3 | 157,3+3,1

Il 7082,0+£3,7 | 713,8+3,7 | 554,0+54 | 29,0£0,7 | 137,0£1,8 | 160,8+2,7

vV 7199,2+49 | 596,6+6,3 | 446,7t7,6 | 31,5£1,9 | 123,1+1,8 | 151,229

V 7843,6+3,4 | 631,6+3,4 | 455,9+8,2 | 349+1,7 | 145,5+4,6 | 177,154

VI 7713,8+5,1| 761,4+5,1 | 576,1+7,1 | 355+1,1 | 155,2+2,9 | 187,034
VII 7702,6£4,6 | 772,6£4,6 | 551,9+6,3 | 43,1+1,7 | 181,6£2,1 | 222,9+3,0

The enthalpies of formation in the gas phase were calculated using enthalpies of

sublimation at a temperature of 298 K. The values were calculated at 298,15 K to

compare them using two different calculation methods, namely: the method proposed

by Chicos and Agra (method 1) and the method developed at the Department of

Physical, Analytical and General Chemistry of Lviv Polytechnic National University
(method 2) (table 3).

Table 3

Enthalpies of phase transitions (kJ / mol) are listed up to 298,15 K
Method DTA
Substance | Method
AnsHo29815 | AvapHa2s,15 AsupH298,15
1 22,6+3,0 | 116,8+2,0 140,3+3,1
! 2 27,7122 120,4+1,6 143,1+3,1
1 27,0£2,6 127,6+2,7 154,5+3,1
! 2 30,1+1,6 | 131,3+2,3 157,331
1 25,7+1,6 133,2+2,2 158,9+2,9
. 2 29,00,7 137,0+1,8 160,8+2,7
v 1 28,9+2,8 | 119,742,2 148,5+3,0
2 31,519 123,1+1,8 151,2+2,9
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V 1 32,612,6 141,749 174,3+5,2
2 34,9117 145,5+4,6 177,154

VI 1 33,7x2,1 151,3+3,3 183,6+3,5
2 35,5+1,1 155,229 187,0+3,4

VII 1 43,8127 176,5+2,5 218,6+3,1
2 43,1+1,7 181,6+2,1 222,9+3,0

Experimental determination of enthalpy characteristics is a complex, time-

consuming and costly process. Therefore, theoretical methods for calculating these

quantities are often use in practice. We analyzed the possibility of applying the

method of additive-group contributions proposed by Benson. The enthalpies of

formation in gas are calculated by this method, because intermolecular interactions

are the least pronounced in this state.

Table 4 shows the values of enthalpies of formation in the gas, calculated

theoretical method and determined experimentally.

Table 4

Calculated according to the additive scheme of Benson and experimentally

determined enthalpies of formation of tetrahydropyrimidines in the gaseous state

Substance Ao, A et AR
kJ/mol kJ/mol kJ/mol

| 412,7+7,7 411,3 -14

1 425,9+5,8 4443 18,4

I 554,0+54 569,4 154

v 446,7+7,6 446,9 0,2

V 455,9+8,2 479,9 24,0

VI 576,1+7,1 605,0 28,9
VII 551,9+6,3 605,0 53,1

The calculated and experimentally determined values of the enthalpies of

formation in the gas are similar only for substances | and V. In other substances there




Is a deviation due to the presence, as a substitute, near the benzene ring of the methyl
or oxymethyl group. Moreover, this deviation is approximately the same for
substances II, 111, V, VI and is 21,7+4,8 kJ/mol, which indicates the presence of
energy stress in the molecule due to the introduction of a substituent in the benzene
ring.

The deviation is much larger and is 53,1 kJ/mol for substance VII. It indicates
the presence of additional bonds within the molecule. Analysis of the structure of this
substance shows that there may be an intramolecular hydrogen bond between the
oxygen atom attached to the benzene ring and the hydrogen atom attached to the
nitrogen atom. According to our calculations, the value of this bond is 31,4+4,8
kJ/mol.

Thermodynamic parameters of dissolution (AsoiH%gs15, AsoiS%208,15) and mixing
(AmixHC98.15, AmixS%9s.15) are calculated according to the dependences of the solubility
of the test substances on temperature are given in table 5.

Table 5
Thermodynamic characteristics of the solubility of the studied tetrahydropyrimidines

in organic solvents at a temperature of 298 K.

AsoiH° AmixH° AsolS° AmixS°
Solvent
kJ/mol J/mol-K
I
Acetonitrile 30,1+11 6,312,2 43,4433 0,5+4,9
Ethylacetate 24,05£0,53 0,7+2,0 27,017 -15,1+4,3
Propan-2-ol 31,4+0,86 8,1+2,1 48,7+£2,7 6,6+4,7
Propan-2-one 25,40%0,32 -1,8+2,2 35,7£1,1 -14,1+2,7
Benzene 32,76+0,42 9,4+1,9 40,3+£1,3 -2,6£2,5
I
Acetonitrile 30,2+0,52 -0,2+£2,0 38,717 -17,0+2,8
Ethylacetate 27,6x1,0 -2,8+2,1 36,0+3,3 -19,7£4,0
Propan-2-ol 36,33+0,52 5,9£2,0 63,5+1,7 7,8+2,8
Propan-2-one 22,60x0,45 -7,8+£1,9 23,9+1,2 -31,8+2,5




Continuation of table 5

Acetonitrile 32,24+0,78 3,31,0 53,0+2,5 -2,3£2,9
Ethylacetate 23,07+0,87 -5,8+1,1 24,9127 -30,4+3,1
Propan-2-ol 37,19+0,88 8,3+1,1 64,9128 9,6+3,1
Propan-2-one 24,14+0,45 -4,8+1,0 33,3t1,5 -22,0+2,1
Benzene 38,29+0,81 9,4+1,1 55,1+2,7 -0,243,1
v
Acetonitrile 37,68+0,24 5,5+2,0 62,97+0,7 2,5+2,9
Ethylacetate 26,6+1,0 -5,6£2,2 33,7£3,3 -26,8+4,4
Propan-2-ol 41,8112 9,66%2,3 81,4+3,7 20,947
Propan-2-one 27,617 -4,612,6 37,815,7 -22,716,4
\%
Acetonitrile 31,36+0,35 -3,54+1,74 42,40+0,83 20,05+2,18
Ethylacetate 26,56+0,72 -8,34+1,85 31,9422 -30,55+2,98
Propan-2-ol 41,4+1,1 6,5+2,0 79,5+£3,5 17,05+4,04
Propan-2-one 24,92+0,3 -9,98+1,73 30,1+1,0 32,35%2,25
VI
Acetonitrile 28,88+0,9 -3,0£2,9 39,24+2,8 -20,8+4,4
Ethylacetate 24,15+0,59 -11,35+1,25 26,4+1,9 -32,96+2,48
Propan-2-ol 44,29+0,47 8,79£1,20 89,2+1,1 29,84+1,93
Propan-2-one 24,93+0,57 -10,57+1,24 33,2119 -26,16+2,48
VII
Acetonitrile 38,8+1,2 -4,3+2,1 45,7+3,7 -22,35%+4,51
Ethylacetate 24,83+0,37 -18,27+1,74 7,0+1,2 -61,05+2,85

There is a better solubility in oxygen-containing solvents, especially those
containing a carbonyl group for all substances. This can be explained by the fact that
the substances dissolved also contain a carbonyl group. The solubility increases with

increasing dipole moment of the solvent in the same series of oxygen-containing



solvents. We can claim that the solubility of the studied substances increases with
increasing dipole moment of the oxygen-containing solvent.

Substance VII, which has a methoxy substituent in the ortho-position is the
worst solubility, which significantly affects all its properties. A confirmation of this
assumption is that this substance has the highest value of melting point among the
studied substances.

The lowest (and almost in all cases negative) values of the enthalpies of mixing
are observed in the formation of solutions with propanone and ethyl acetate, which
indicates the formation of stronger bonds in solution compared to individual
substances. This, in our opinion, can be explained by the presence of a carbonyl
group in these solvents and in the investigated substances.

For other solvents that do not contain a carbonyl group, the enthalpy of mixing
Increases in a number:

Acetonitrile - propanol — benzene

In the same series, the dipole moment of solvents and their dielectric
conductivity decreases, i.e. we can claim that for dissimilar enthalpy of molecules
dissimilar in the structure, the mixing increases with decreasing polarity, and
therefore the bonds formed in solution between dissimilar molecules become larger

energetically weak.

Key words: thermodynamics, thermochemistry, enthalpy, entropy, formation,
combustion, melting, evaporation, sublimation, dissolution, mixing, esters of 6-

methyl-2-oxo0-4-aryl-1,2,3,4-tetrahydropyrimidine-5- carboxylic acids.



