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OmHnM 13 BOXIMBHX 3aBIaHb Cy4acHOi HaTOXiMil € po3poOKa HOBHX MPHUCAIOK, SIKI
3J1aTHI TIOKPAIIlyBaTH SKCIUTyaTalliiiHI BIACTUBOCTI MOTOPHUX MAJIMB, SIK BYIJICBOJHEBHX,
TaK 1 COMPTOBHX. 3 POSLIMPEHHSM KiJIbKOCTI aBTOMOOITIBHOT 1 CLITBCHKOrOCHOIAPCHKOI TeX-
HIKW Ta T IBHUIICHHSM 1i TEXHITHOTO PIBHS 30UTBITY€ETHCS TTOMUT Ha OLTBIIT IIIMPOKUI aco-
PTUMEHT HAQTONPOIYKTIB a, TAKOXK, MIABUIIYIOTHCS BUMOTH JIO IXHBOI AKOCTi. OCKLUIBKH
€KOJIOTT4HI Ta eKCILTyaTalliiiHi BAMOTH JJ0 MOTOPHHX NaJIUB MOCTIHHO 30UIBIIYIOTHCS, TIOT-
PpiOCH TIONTyK HOBHX, OUTHIIT e(heKTHBHUX TPHCAIOK. B poOOTi OMmICYyeThCs CHHTE3 CITIPO-
IUKITIYHUX TipUAMiTUH-2,4,6-TpIOHIB peaKilisMA METaTe3wCy 3 3aKpUTTSAM IMKIY (ring-
closing metathesis reactions - RCM). [Iauuii BiI IIepeTBOPEHb aKTUBHO 3aCTOCOBYETBCS B
HaTOXIMIYHOMY Ta OpPraHiYHOMY CHHTE3aX Ta JO3BOJISIE OTPUMATH CIIONYKH, SIKi CKJIaIHO
CHHTE3yBaTH 3BUYaHHIMH MeToJaMi opraHidHoi ximii. RCM-niepeTBopeHHsT IPOBOINIIH,
3aCTOCOBYIOUM Kartaiizarop ['pab0ca-XoBeiiau B KitbkocTi 5 MonbH. %. Cronyku, mio
YTBOPIJIMCS B MPOLIEC] PEAKILii, TOCIHKEHO B SKOCTI IPUCAIOK 0 MOTOPHUX manwmB. J[o-
CIT/PKEHHS BIUTMBY CHHTE30BaHMX TOXiHHUX CIIpONipuMiInH-2,4,6-TpioHIB B poIIi Mprica-
JIOK Ha TPUOOJIOTIYHI XapaKTePHUCTHKH €TAHOJY Ta JIM3ETHHOTO TajIBa OIiHIOBAIM HA YO-
THPUKYJEKOBOMY TPHOOMETPI 32 TIOKA3HMKOM KPHTUYHOTO HaBaHTaKeHHSL. [1pn koxxHOMY
HaBaHTaXEHHI POBOJMIIM HE MEHILIE TPhoX HocimiiB. [loxubka ekcriepuMeHTy ckiazana
MeHite 5 %. BusiBiieHo, 110 pedoBunu 2C Ta 2D miIBHIIYIOTh MACTHIIBHI BIACTHBOCTI €Ta-
HOJTy — KpUTHYHE HABaHTaXKESHHSI JI0 38]IMpy TaJliBa MpH JI0/IaBaHHI CHHTE30BAHMX CIIONIYK
30ibIIock Ha 25 %. CriporipumianH-2,4,6-TpioH 2D MposIBUB TaKoXK MO3UTHBHHUI
e(eKT Ha MacTIIIFHY 3/aTHICTh JWU3EJIFHOTO TOILTMBA Ta TIPOSIBUB e(DeKT ITiIBUIICHHS Ha-
BaHTXEHHsI 10 3a1upy Ha 12 % B koHieHTparii 0,032 %. Takum drHOM, TOXiHI CITIPO-
nipuMiuH-2,4,6-TpioHIB ToKa3am cebe B SIKOCTI MEPCIIEKTUBHUX CIONYK IS BUTOTOB-
JICHHSI MOTOPHHMX TTJIUB, SIK BYIJICBOJHEBHX TAK 1 CIIUPTOBHUX.

Kmouosi cnoea: criipomipuminna-2,4,6-Tpiorn, Metare3uc 3 3akputrsiM 1ukity (RCM), mpucasku 1o mamisa

Bcmyn

CydJacHi TTaJIMBHO-MACTIJIGHI MaTepiail MOTpeOyIoTh
JUISL CBOTO BJOCKOHAJIGHHSI TIPUCAJIOK PI3HOMAaHITHOTO
NPU3HAYEHHS], KUTBKICTh SIKMX 3 KOXXHHM JTHEM 3POCTAE.
OCKUIBKM €KOJIOTIYHI Ta eKCIUTyaTarliiiHi BUMOTH JI0 MO-
TOPHUX MAJIMB TIOCTIHHO 30UIBIIYIOTECS, TIOTPIOSH MOIIYK
HOBUX, OUTbII e(peKTUBHHUX NpHCAIOK. ToMy ofHNM i3 Ba-
JKITMBUX 3aBJIaHb CydacHOi HaTOXiMii € po3poOka HOBHX
TIPUCAJIOK, SIKi 3/aTHI TTOKPAIyBaTH EKCIDTyaTaIliliHi Bjac-
THBOCTI MOTOPHHUX TAJIUB (SIK BYIJICBOJHEBHUX, TAK 1 CITUP-
TOBHX).

OO0’€eKTOM JaHOTO AOCIIKEHHS Oy 00paHi CIIONyKH,
10 YTBOPWJTHCS B TIpoIieci peakii meraresucy. Llei kiac
PCUOBHH aKTUBHO 3aCTOCOBYETHCA B JIKAPCHKil MPAKTHLI B

SKOCTI TIOJIIMEPHUX KOMITO3MIIIN TIpH 3yOOrpoTe3yBaHHi
[1]. Ommcano TakoXX 3aCTOCYBAHHS 3a3HAYEHUX CIIOIYK B
SIKOCTI KOMIIOHEHTIB 1HT10YIOUMX KOMIIO3UIIIH TepMOIIOIi-
Mepu3arlii CTupeHy [2], aHTHOKCHIAHTIB Ta iHTIOITOPIB
OKUCHEHHs [3], KaTami3atopiB OkucHeHHs [4], dap0d mis
IIEPCTi, OBKY, LIEIIOTI03H 1 CTPYMEHEBUX KapTPUIDKIB [5].
LikaBuM Oyno JOCHITUTH 3aCTOCYBaHHS TOXITHUX MipH-
MiuH-2,4,6-TpiOHIB B SIKOCTI TIPHCAIOK IO MOTOPHHUX I1a-
JIUB.

JocnimkyBani pedyoBHHH Oyl HAIpPAIbOBaHI PEaKIli-
€0 METATe3WCy 3 3aKpUTTIM IWMKIY [6] 3a HACTYITHOIO
CXEMOIO:
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RCM-nieperBopeHHsT TIPOBOAWIIN 13 3aCTOCYBAHHIM 5
MONBH % KaTami3aTtopa B CHCTEMI PO3YMHHHKIB TOINY-
€H/IMXJIOpOETaH B aTMOcQepi aproHy NpoTsIroM 4-X roauH
3a temmeparypu 70 °C. B mux yMoBax OTpUMaHO CIipo-
crionyku 1a-i Ta 2a-i 3 Buxogamu B Mexax 83-94 %. 3a-
BEpIICHHS peaKilii BU3HAYaIM 33 PUIIMHEHHSIM BUJILJICH-
HS €THJICHY 13 PeaKIiiHuX cymirieid. [Ticns oxonomkeHHs
1o temneparypu 18-22 °C nponykru 1a-i Ta 2a-i BumIs-
o 3a goromororo xpomarorpadii Ha xomomri (AlOs,
EJTIOEHT — JIMXJIOPOETaH), YIAPIOBAJIN €JII0aT y BaKyyMi Ta
MEPEKPUCTATI30BYBAIN MPOLYKTH 3 TekcaHy. CTpykrypa
Ta XiMiYHA YMCTOTA BCIX CHHTE30BAaHHUX CIONYK JOBEACHI
3a ionoMoroxo criekrpockorii SIMP Ha sypax *H [6]. TIpo
YTBOPEHHSI CHIPOIMKITIYHOI CUCTEMH CBITUNTH 3HUKHEHHS
XapaKTePUCTUIHNX CUTHATIB TUTGHUX TPOTOHIB -CH=
(5.49 M. u.) i CHo= (5.10 m.4.) Ta mosiBa HOBUX CHTHAJIIB
JIBOX TPOTOHIB, PO3TAIIOBAHUX OIS MOABIMHOTO 3B'SI3KY
[IMKJIOTIEHTEHOBOT'O KIJIBIIA Py 5.66 M.4.

Excnepumenmansna wacmuna ma 062060penns

Jns mopanmbImmx gociipKeHs OynM BiniOpaHi cripo-
LUKITIYHI CHONMYKH, sIKi Oyimy HalOLIBII pO3YMHHAMHA B
MOTOpHUX NanuBax. Takumu BusiBUIHCS pedoBuHH lc, 2¢
ta 2b. JIocmiKeHHs BIUTUBY 3a3HAYCHUX CIIONYK SIK MPH-
CaJIOK Ha TPUOOJIOTIUHI XapaKTEPUCTHKN €TAHOTY OIIHFO-
Ban 3a Mertomukoro ASTM D4172 (TOCT 9490-75) [7]
Ha YOTHPHUKYJIBKOBOMY TpHOOMETpi 32 TOKAa3HUKOM KpH-
THYHOTO HaBaHTaxeHH: (P ). Lleti moka3HuK siBisie co00r0
MaKCHMAaJIbHY BEJIMYMHY HABaHTAKEHHSI, TIPH SIKOMY IIIe He

BUHHKA€E METAJIEBOTO KOHTAKTY (3aMpiB) TIPH TEPTI Y JIOC-
JIKyBaHIN PiMHI CTAHIAPTH30BAHMX METAJIEBHX KYITHOK,
1o BuroToBieHi 3i cram IX15 (mikporBepaicts — 64-66
HRC; mapamerp >xopctrocti — Ra < 0,25 Mxm) [7]. YMoBH
EKCIIEPUMEHTY: 4acToTa 0OEpTaHHSI BEPXHBOI HABAHTaXKE-
HOT KyJTbKH BiJTHOCHO TPHOX HEPYXOMHX KyJh0K — 1500 xB*
Temrepatypa MoTopHoro nanusa — 20 °C; yac BUIPoOY-
BaHb TIPH KO>KHOMY HaBaHTakeHHI — 10 c. IIpu koxxHOMY
HABaHTKCHHI MMPOBOJWIIM HE MEHIIIE TPhOX JMOCTIAIB [7].
INoxnbka excriepuMeHTy cKiaziasia MeHiie 5 %o.

BinHoCHY B’S3KICTB €THIIOBOTO CIIMPTY 3 MPUCAIKAMHU
Ta 6e3 BuMiproBanu Ha Bickozumetpi BIDK-2 3 miamerpom
karsipy 0,56 3a Temmneparypu 20,4 °C. IpoeneHo 1o
TP BUMIpH Yacy BUTIKaHHS CIIUPTY 3 TIPHUCAIKOIO (t) Ta 110
TPY BUMIpH Yacy BATIKAHHS €THJIOBOTO CITUPTY O€3 mprca-
JKU. 3a pe3yibTaT BU3HAYCHHSI Yacy BUTIKaHHS MPHIHSITO
cepeHbOapH(METHIHE 3HAYCHHST PEe3yJIbTaTiB TPHOX BH-
3Ha4eHb. BiTHOCHY B’s3KiCTh pO3paxoBaHo 3a (popMyIIoro:

n=t/to,
JIe 1] — BTHOCHA B’SI3KiCTh;
t — yac BUTIKAHHS OJIMBY 3 IIPUCA]TKOIO;
to — "ac BUTIKaHHS OJMBH 0O€3 MPHCAKH.

Ipu BU3HAYEHHI MOKA3HUKA 3aJI0OMJICHHS ETHJIOBOTO
CIUPTY 3 CUHTE30BAHUMH CIIOJyKaMH Ta 0€3 HUX, BUSBHU-
JIOCSL, IO JJAHWH TapaMeTp 3HAXOIUTHCS B MEXKaX MOXUOKU
BuMiptoBaHHs (1,4655-1,4658) — T06TO T0OABKH CYTTEBO
HE 3MIHIOIOTh JTaHY KOHCTAHTY.
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Ta6JII/II_[$I 1. KpnanHe HaBaHTAKCHHSA €TaHOJaY 3 }IOCJ'[i)I)KyBaHHMI/I CIoJTyKaMu
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Tabmiust 2 BigHocHa B’S3KiCTH €TWJIOBOTO CIIMPTY

0e3 Ta 3 JOCIKYBAHMMHU CIIOJTyKAMM.

Tabimig 3 BigHocHa B’ SI3KiCTH AM3EJILHOIO MAJIUBA
3 IOCTIKYBAHUMH CIIQJIYKAMHU.

HocmimxyBasi C,% n Hocmimkysani C,% !
PEUOBHHH Mac. PEUOBHHU Mac.
2c 0,1 1,000 2c crabo po3YrHHA —
2b 01 1,015 2b 0,032 1,011
Etunosuii crmpr — — JyzenbHe nanuso -

3 tabimie 1 Ta 2 MOXKHA 3pOOUTH BHCHOBOK, 11O CIO-
JykH 2C Ta 2D TIOKPAIIyroTh MACTHJIbHI BIACTHBOCTI €Ta-
HOITY, OCKUJIbKM KPHTHYHE HABAHTAXKCHHS JIO 3apy Tiji-
BUILy€eThCS Ha 25 %.

BpaxoBytoun BuilieHaBe/IeHI [1aHi, CIIPOITipHMIiTHHTi-
onn 2C Ta 2b Oy TiepeBipeHi Ha 3AATHICTH TIOKPAIIYBATH
Hecydy 3/IaTHICTh BYIVICBOJHEBOIO HM3EIHHOTO TAJIHBA.
Bynn Bu3HaYeHi (i3UKO-XiIMIYHI BIACTHBOCTI TU3EIBHOTO
TaJIiBa 3 J00aBkaMu Ta 0e3 HuX. JlaHi HaBeIcHI B TaOJHIII

3.

Ipu nocipkeHH! BITHOCHOT B’SI3KOCTI JIM3EIIBHOTO T1a-
nmBa 6e3 JomaBaHHs Cronyk 2C, 2D Ta 3a iX y4acti BCTaHo-
BJICHO, 110 3a3HAYUCHI MPUCAJIKK HE 3IIMCHIOIOTH 3aryIily-
BaIbHOI [il Ha aymBo. [ToKa3HUK 3aJIOMIIEHHS AU3EIHHOIO
MaJIMBa SK 3 J0OaBKaMH, Tak 1 0€3 HUX 3HAXOAUTLCSI B Me-
ax MmoxuOku BuMiproBaHus (1,4638-1,4634) — to610 HO-
0aBKa CIOJIYK He BILUTMBA€E HA JTAHWUH TTapaMeTp.

Cromnyku 2¢ Ta 2b Oy mepeBipeHi Ha MPOTU3aTUPHI
BJIACTUBOCTI Ha YOTHPHOXKYJIbKOBIM MarmHi Tepts. JlaHi
JIOCHIDKEHHS HaBeIeHl B Tabmm 4.
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Ta6m/1u;1 4, KpnanHe HABAHTAXKCHHSA IU3€JIbHOIO IMajiuBa 3 I[OCJ'[i}I)KyBaHHMI/I CIloJIyKaMu

JlocnimKyBaHi pe4OBUHA C, % wmac. Py, H [TixBHIIEHHS KPUTHYHOTO HaBaHTa-
JKSHHS 10 3aaupy, %o
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Crnomyka 2C € MalOpO34MHHOIO B TM3ETIEHOMY MaJIUBI 1
He BIUIMBAE Ha MPOTH3amupHi BiaactuBocTi. Criomyka 2b
BUSIBIJIACH YaCTKOBO PO3YMHHOIO Ta TPOSIBIUIA eeKT IIiI-
BUIIIEHHS] HABAHTAXKEHHS 10 3aupy Ha 12 % B KOHIIEHT-
paii 0,032 %.

Bucnosku

TakuM 4MHOM, TOXiAHI MipUMiIUH-2,4,6-TpiOHIB MO-
KyTb OyTH IEPCIEKTUBHUMH B SIKOCTI IPHUCAZIOK ISl BUTO-
TOBJICHHSI JIM3ENIGHOTO TMajMBa Ta OiormainnBa Ha OCHOBI
eranoiny. Tax, pedoBrHHM 2C Ta 2D Mi/IBUIIYIOTh MAaCTUIIBHI
BJIACTUBOCT] €TAHOJTY — KPUTUYHE HABAaHTAXKEHHS JI0 33711~
Py TanmBa TpH IOAABaHHI CHHTE30BAaHHX CIIOIYK 301Jb-
unwiock Ha 25 %. Crmiporipumiana-2,4,6-tpion 2b mpo-
SIBUB TTO3UTHBHUHM e(eKT Ha MacTWIIbHY 3HaTHICTb JH-
3€JIPHOrO TANMBA, siKa 30uIpmnack Ha 12 %. Lle Bkasye
Ha JIOUUJIBHICTh MPOBECHHS OUIBII IIUPIIHUX JOCII/PKSHb
y TaHOMY HalpsMKY.
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Derivatives of pyrimidine-2,4,6-triones as components of additives to
increase the lubricating properties of motor fuels

Kobyzhcha N.1., *Pyliavskyi V.S., **Sukhoveev V.V., *Kashkovskyi V. I.

v.P.Kukhar Institute of Bioorganic Chemistry and Petrochemistry of NAS of
Ukraine, Ukraine, 02094 Kyiv, 1 Murmanska Str., E-mail: Kobyzhcha@nas.gov.ua

“Nizhyn Mykola Gogol State University,
Grafska Str., 2. Nizhyn, Chernihivska Oblast, Ukraine 16600.

One of the important tasks of modern petrochemistry is the development of new additives that
can improve the performance of motor fuels. With the expansion of the number of automotive and
agricultural machinery and increasing its technical level, the demand for a wider range of petroleum
products is increasing and, as well, the requirements for their quality are increasing. As the
environmental and operational requirements for motor fuels are constantly increasing, it is necessary
to find new, more efficient additives. The paper describes the synthesis of spirocyclic pyrimidine-
2,4,6-triones by ring-closing metathesis reactions (RCM). This type of transformation is actively used
in petrochemical and organic syntheses and allows to obtain compounds that are difficult to
synthesize by conventional methods of organic chemistry. RCM conversion was performed using a
Grubbs-Hoveyda catalyst in an amount of 5 mol. %. The compounds formed during the reaction
were investigated as additives to motor fuels. Studies of the effect of synthesized spiropyrimidine-
2,4,6-trione derivatives as additives on the tribological characteristics of ethanol and diesel fuel were
evaluated on a four-ball tribometer in terms of critical load. At least three experiments were
performed at each load. The error of the experiment was less than 5%. It was found that substances 2¢
and 2b increase the lubricating properties of ethanol - the critical load to the fuel burr when adding the
synthesized compounds increased by 25%. Spiropyrimidine-2,4,6-trione 2b also had a positive effect
on the lubricity of diesel fuel and had the effect of increasing the load to burr by 12% at a
concentration of 0.032%. Thus, derivatives of spiropyrimidine-2,4,6-triones have proven to be
promising compounds for the manufacture of motor fuels.

Key words: spiropyrimidine-2,4,6-trione, ring-closing metathesis (RCM), fuel additives.
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