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Ðîáîòà ïðèñâÿ÷åíà ñèíòåçó íîâèõ ñï³ðîöèêë³÷íèõ ìîíî- àáî ä³àöèëçàì³ùåíèõ ïî-

õ³äíèõ ï³ðèì³äèí-2,4,6-òð³îíó ç âèêîðèñòàííÿì ðåàêö³é ìåòàòåçèñó ³ç çàêðèòòÿì

öèêëó. Ñïî÷àòêó, ðåàêö³ºþ àöèëóâàííÿ àêòèâíèõ N–H ãðóï ó ïîëîæåííÿ 1 òà 3 5,5-

ä³àë³ëï³ðèì³äèí-2,4,6-òð³îíó õëîðîàíã³äðèäàìè áåíçîéíèõ êèñëîò îòðèìàíî íèçêó

â³äïîâ³äíèõ ìîíîáåíçî¿ë- òà äèáåíçî¿ëçàì³ùåíèõ òð³îêñîï³ðèì³äèí³â ÿê âèõ³äíèõ

ñïîëóê äëÿ ïîäàëüøî¿ êàòàë³òè÷íî¿ öèêë³çàö³¿. Åêñïåðèìåíòàëüíî âñòàíîâëåíî, ùî

âèêîðèñòàííÿ N,N-äiåòèëàí³ë³íó ÿê îñíîâè ïðèâîäèòü äî ñåëåêòèâíîãî ìîíîàöè-

ëóâàííÿ, òîä³ ÿê âçàºìîä³ÿ äèíàòð³ºâî¿ ñîë³ ï³ðèì³äèíòð³îíó ç â³äïîâ³äíèìè õëîðî-

àíã³äðèäàìè áåíçîéíèõ êèñëîò âåäå äî îäåðæàííÿ äèçàì³ùåíèõ ïðîäóêò³â ç äîñèòü

âèñîêèìè âèõîäàìè. Ðåàêö³ÿìè ìåòàòåçèñó ³ç çàêðèòòÿì öèêëó ñèíòåçîâàí³ ³íòåð-

ìåä³àòè ïåðåâåäåíî ó íîâ³ íåíàñè÷åí³ ñï³ðîöèêëîïåíòåí³ëüí³ ïîõ³äí³ ï³ðèì³äèíòð³-

îíó ç âèêîðèñòàííÿì êàðáåíîâîãî êîìïëåêñó ðóòåí³þ. Âñòàíîâëåíî, ùî íàéá³ëüø

åôåêòèâíèìè êîìïëåêñàìè, ÿê³ âèêëèêàþòü öèêë³çàö³þ ä³àë³ëüíèõ çàì³ñíèê³â, º

N-ãåòåðîöèêë³÷íèé áåçôîñô³íîâèé ðóòåí³éêàðáåíîâèé êàòàë³çàòîð áåíçèë³äåíîâî-

ãî òèïó Õîâåéäè-Ãðàááñà, à òàêîæ ìîíîôîñô³íîâèé ³ì³äàçîë³äèíîâì³ñíèé êîìï-

ëåêñ ôåí³ë³íäåí³ë³äåíîâîãî òèïó. Ñòðóêòóðó òà õ³ì³÷íó ÷èñòîòó âñ³õ íîâèõ îäåðæà-

íèõ ðå÷îâèí äîâåäåíî ñïåêòðîñêîï³ºþ ßÌÐ íà ÿäðàõ 1Í, 13Ñ òà åëåìåíòíèì àíàë³-

çîì. Åêñïåðèìåíòàëüíî âñòàíîâëåíî, ùî äåÿê³ ñï³ðî-àíåëüîâàí³ ï³ðèì³äèíòð³îíè

ïðîÿâëÿþòü àíàëãåòè÷íó àêòèâí³ñòü ³ çà åôåêòîì ä³¿ ìîæóòü êîíêóðóâàòè ç â³äîìèì

ï³ðàçîëîíîâì³ñíèì ïðåïàðàòîì «Àíàëüã³í». Âèÿâëåíî, ùî ñèíòåçîâàí³ ðå÷îâèíè

ìàþòü íèçüêó ãîñòðó òîêñè÷í³ñòü, ùî â³äíîñèòü ¿õ äî ìàëîòîêñè÷íèõ àáî ïðàêòè÷íî

íåòîêñè÷íèõ ñïîëóê.

Êëþ÷îâ³ ñëîâà: ï³ðèì³äèí-2,4,6-òð³îíè, ñï³ðî-àíåëþâàííÿ, ìåòàòåçèñ, êàòàë³çàòîð

Ãðàááñà, àíàëãåòè÷íà àêòèâí³ñòü.
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Âñòóï

Äèçàéí ³ ñèíòåç íîâèõ ñï³ðîöèêë³÷íèõ ìî-
ëåêóë íà ñüîãîäí³øí³é äåíü º äîñèòü àêòóàëü-
íèì íàïðÿìîì ó ñó÷àñí³é îðãàí³÷í³é õ³ì³¿, àäæå
áàãàòî ñïîëóê ç³ ñï³ðî-àíåëüîâàíîþ ñèñòåìîþ
ïðèðîäíîãî òà ñèíòåòè÷íîãî ïîõîäæåííÿ ìàþòü
øèðîêèé ñïåêòð á³îëîã³÷íî¿ àêòèâíîñò³ ³ âèêî-
ðèñòîâóþòüñÿ â ìåäè÷í³é õ³ì³¿ òà á³îòåõíîëîã³¿.
Ï³ðèì³äèíòð³îíîâì³ñí³ ñïîëóêè, â ñâîþ ÷åðãó,
º äîñèòü âàæëèâèì êëàñîì îðãàí³÷íèõ ðå÷îâèí,
ÿê³ ìàþòü çàñòîñóâàííÿ, ïåðåâàæíî, ïðè ë³êó-
âàíí³ íåâðîëîã³÷íèõ çàõâîðþâàíü, [1], à òàêîæ
ÿê ïðîòèâ³ðóñí³, àíòèôóíã³öèäí³, àíòèêîíâóëü-
ñàíòí³ òà ïðîòèïóõëèíí³ ïðåïàðàòè [2–4]. Ñå-

ðåä ñï³ðî-àíåëüîâàíèõ òð³îêñîï³ðèì³äèí³â â³äîì³
ðå÷îâèíè ç àíòèîêñèäàíòíîþ ä³ºþ [5] òà àíàë-
ãåòè÷íîþ àêòèâí³ñòþ [6]. Îêð³ì òîãî, ñï³ðîçàì³-
ùåííÿ ó ïîëîæåíí³ 5 ï³ðèì³äèíòð³îíîâîãî ê³ëüöÿ
â äåÿêèõ âèïàäêàõ ï³äâèùóº òåðàïåâòè÷íèé
³íäåêñ ïîð³âíÿíî ç ë³í³éíèìè àíàëîãàìè, ùî º
äîñèòü âàæëèâèì ÷èííèêîì ïðè âïðîâàäæåíí³
íîâèõ ðå÷îâèí ó ôàðìàöåâòè÷íó ³íäóñòð³þ [7].
Çâàæàþ÷è íà öå, äèçàéí òà îäåðæàííÿ íîâèõ
ñï³ðîï³ðèì³äèíòð³îíîâèõ ïîõ³äíèõ º ïåðñïåêòèâ-
íèì òà àêòóàëüíèì íàïðÿìîì ó ñó÷àñíîìó îðãàí³-
÷íîìó ñèíòåç³.

Â äàíîìó ïîâ³äîìëåíí³ îïèñàíî ñèíòåç
íîâèõ íåíàñè÷åíèõ ñï³ðîöèêë³÷íèõ N-áåíçî¿ëçà-



73

Synthesis of new spirocyclic pyrimidine-2,4,6-trions by metathesis reactions

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 4, pp. 72-79

ì³ùåíèõ òðèîêñîï³ðèì³äèí³â ç âèêîðèñòàííÿì
ðåàêö³¿ ìåòàòåçèñó ³ç çàêðèòòÿì öèêëó (RCM) ïðè
çàñòîñóâàíí³ ðóòåí³éêàðáåíîâèõ êàòàë³çàòîð³â, à
òàêîæ íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ á³îëîã³-
÷íî¿ àêòèâíîñò³ îòðèìàíèõ ïðîäóêò³â.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Çàãàëüí³ ïîëîæåííÿ
Âèõ³äí³ ðåàãåíòè º êîìåðö³éíî äîñòóïíè-

ìè, ðîç÷èííèêè î÷èùàëè çà ñòàíäàðòíèìè ìå-
òîäèêàìè. Ñïåêòðè ßÌÐ íà ÿäðàõ âîäíþ òà âóã-
ëåöþ çàïèñàíî íà ïðèëàä³ Varian Mercury 400
(400 òà 100 MÃö äëÿ ÿäåð 1Í òà 13Ñ, â³äïîâ³äíî)
ó ÄÌÑÎ-d6 òà ÑDCl3, âíóòð³øí³é ñòàíäàðò –
TÌÑ. Ñèãíàëè ßÌÐ 13Ñ çàïèñàíî òàêîæ ç âèêî-
ðèñòàííÿì ìåòîäó ÀÐÒ. Åëåìåíòíèé àíàë³ç çðîá-
ëåíî â àíàë³òè÷í³é ëàáîðàòîð³¿ ²íñòèòóòó á³îîð-
ãàí³÷íî¿ õ³ì³¿ òà íàôòîõ³ì³¿ ³ì. Â.Ï. Êóõàðÿ ÍÀÍ
Óêðà¿íè. Òåìïåðàòóðó òîïëåííÿ îäåðæàíèõ ðå-
÷îâèí âèçíà÷åíî ç âèêîðèñòàííÿì ïðèëàäó
Boetius hot stage apparatus. Õ³ä ðåàêö³¿ êîíòðî-
ëþâàëè ìåòîäîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿ ³ç
çàñòîñóâàííÿì ïëàñòèí Silufol UV-254 òà ñóì³ø³
áåíçåí–àöåòîí³òðèë (4:1) â ÿêîñò³ åëþåíòà. Î÷è-
ñòêó ïðîäóêò³â ìåòàòåçèñó çä³éñíåíî ìåòîäîì
êîëîíêîâî¿ õðîìàòîãðàô³¿ íà íîñ³¿ SilicaGel 60
(0,04–0,063 ìì, 230–400 mesh). 5,5-Ä³àë³ëï³ðè-
ì³äèí-2,4,6-òð³îí I ñèíòåçîâàíî çà ìåòîäèêîþ,
íàâåäåíîþ â ðîáîò³ [8], ðóòåí³ºâ³ êàòàë³çàòîðè
ìåòàòåçèñó VII îòðèìàíî çà ìåòîäèêàìè [9–11].

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 1-áåíçî¿ëçàì-
³ùåíèõ 5,5-ä³àë³ëï³ðèì³äèí-2,4,6-òð³îí³â IIIa-ä

Äî 0,05 ìîëü 5,5-ä³àë³ëï³ðèì³äèíòð³îíó I òà
0,06 ìîëü N,N-ä³åòèëàí³ë³íó äîäàâàëè 0,055 ìîëü
â³äïîâ³äíîãî áåíçî¿ëõëîðèäó IIa-ä. Îäåðæàíó
ñóì³ø ïðè ïåðåì³øóâàíí³ íàãð³âàëè ïðè 1200Ñ
âïðîäîâæ 8 ãîä. Ïåðåá³ã ðåàêö³¿ çä³éñíþâàëè
ìåòîäîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿. Ï³ñëÿ çà-
ê³í÷åííÿ ðåàêö³¿ ñóì³ø îõîëîäæóâàëè, äîäàâàëè
ñóõèé áåíçåí òà íàãð³âàëè ïðè 800Ñ âïðîäîâæ
15–20 õâ. Ðåàêö³éíó ìàñó îõîëîäæóâàëè äî 300Ñ
â³äô³ëüòðîâóâàëè, ô³ëüòðàò âèïàðîâóâàëè ïðè
íèçüêîìó òèñêó ³ çàëèøîê êðèñòàë³çóâàëè ç åòè-
ëîâîãî ñïèðòó. Êðèñòàë³÷íèé îñàä â³äô³ëüòðî-
âóâàëè, ïðîìèâàëè îõîëîäæåíèì åòàíîëîì ³ ñó-
øèëè íà ïîâ³òð³.

5,5-Ä³àë³ë-1-áåíçî ¿ëï³ðèì³äèí-2,4,6-
(1H,3H,5H)-òð³îí IIIà:

Âèõ³ä 61%, Òòîïë=147–1490Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,46 (ñ,
1Í), 7,89 (ä, J=7,8, 2Í), 7,68 (ò, J=7,8, 1Í), 7,49
(ò, J=7,8, 2Í), 5,77 (ì, 2Í), 5,26 (ì, 4Í), 2,79 (ä,
J=7,6, 4Í). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,6, 170,3,
166,7, 147,5, 135,5, 131,0, 130,6, 130,1, 129,1, 121,9,
57,9, 42,0. Çíàéäåíî, %: C 65,27; H 5,20; N 8,89.

Ñ17H16N2O4. Ðîçðàõîâàíî, %: C 65,38; H 5,16; N
8,97.

5,5-Ä³àë³ë-1-(4-ìåòèëáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IIIá:

Âèõ³ä 59,8%, Òòîïë=179–1810Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,71
(ñ, 1Í), 8,79 (ä, J=6,8, 2H), 7,30 (ä, J=6,8, 2H),
5,76 (ì, 2H), 5,27 (ì, 4Í), 2,80 (ä, J=5,6, 4H),
2,44 (s, 3H). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,7, 170,4,
166,6, 147,8, 146,9, 130,8, 130,3, 129,8, 128,4, 121,6,
57,8, 42,2, 21,8. Çíàéäåíî, %: C 66,29; H 5,50; N
8,63. C18H18N2O4. Ðîçðàõîâàíî, %: C 66,25; H 5,56;
N 8,58.

5,5-Ä³àë³ë-1-(2-õëîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IIIâ:

Âèõ³ä 72,0%, Òòîïë=156–1580Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,76
(ñ, 1H), 7,71 (ä, J=6,5, 1H), 7,48 (ì, 2H), 7,34
(ò, J=6,5, 1H), 5,69 (ì, 2H), 5,18 (ì, 4H), 2,75
(ä, J=7,5, 4H). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,4,
170,1, 164,7, 147,2, 134,6, 134,5, 132,4, 131,7, 130,9,
130,0, 127,1, 121,6, 57,5, 42,4. Çíàéäåíî, %: C
58,79; H 4,28; N 8,09. C17H15ClN2O4. Ðîçðàõîâà-
íî, %: C 58,88; H 4,36; N 8,01.

5,5-Ä³àë³ë-1-(2-ôëóîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IIIã:

Âèõ³ä 47,1%, Òòîïë=139–1410Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,70
(ñ, 1H), 7,71 (ä, J=7,7, 1H), 7,58 (ì, 1H), 7,49
(ì, 1H), 7,39 (ì, 1H), 5,76 (ì, 2H), 5,28 (ì, 4H),
2,81 (ä, J=7,8, 4H). ßÌÐ 13Ñ (CDCl3), , ì.÷.:
170,8, 170,2, 166,0, 147,5, 133,1, 130,7, 130,0, 126,1,
122,4, 122,0, 121,3, 117,3, 57,9, 42,6. Çíàéäåíî,
%: C 61,90; H 4,49; N 8,42. C17H15FN2O4. Ðîçðà-
õîâàíî, %: C 61,82; H 4,58; N 8,48.

5,5-Ä³àë³ë-1-(4-ôëóîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IIIä:

Âèõ³ä 60,1%, Òòîïë=161–1630Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,55 (ñ
1H), 7,91 (ì, 2H), 7,15 (ì, 2H), 5,72 (ì, 2H), 5,24
(ì, 4H), 2,77 (ì, 4H). ßÌÐ 13Ñ (CDCl3), , ì.÷.:
170,8, 170,4, 166,3, 147,6, 133,5, 133,4, 130,1, 127,5,
121,8, 116,7, 57,8, 42,5. Çíàéäåíî, %: C 61,75;
H 4,50; N 8,56. C17H15FN2O4. Ðîçðàõîâàíî, %:
C 61,82; H 4,58; N 8,48.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 1,3-äèáåíçî¿-
ëçàì³ùåíèõ 5,5-ä³àë³ëï³ðèì³äèí-2,4,6-òð³îí³â IV–
VI

Äî 0,04 ìîëü ñóõî¿ äèíàòð³ºâî¿ ñîë³ 5,5-ä³-
àë³ëïèð³ì³äèíòð³îíó, îäåðæàíî¿ ðåàêö³ºþ
0,04 ììîëü ñïîëóêè I òà 0,08 ìîëü íàòð³é ìåòè-
ëàòó ç ïîäàëüøèì âàêóóìíèì âèñóøóâàííÿì ïðè
1200Ñ âïðîäîâæ 3 ãîä, ñïî÷àòêó äîäàâàëè 25 ìë
ñóõîãî ÒÃÔ, à ïîò³ì ïðè ïåðåì³øóâàíí³ 0,05 ìîëü
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â³äïîâ³äíîãî áåíçî¿ëõëîðèäó IIa-ä ïðîòÿãîì
20 õâ, ï³ñëÿ ÷îãî îäåðæàíó ñóì³ø íàãð³âàëè ïðè
600Ñ âïðîäîâæ 5–7 ãîä (êîíòðîëü ÒØÕ). Ïîò³ì
âèïàðîâóâàëè ðîç÷èííèê ³ äî çàëèøêó äîäàâàëè
0,1 í. ðîç÷èí íàòð³é ã³äðîêñèäó. Óòâîðåíèé îñàä
â³äô³ëüòðîâóâàëè, ïðîìèâàëè õîëîäíîþ âîäîþ,
ïåðåêðèñòàë³çîâóâàëè ç³ ñïèðòó òà ñóøèëè íà
ïîâ³òð³.

5 ,5 -Ä ³ à ë ³ ë -1 , 3 -äèá åí çî ¿ ëï ³ ðèì ³ äèí -
2,4,6(1H,3H,5H)-òð³îí IVà:

Âèõ³ä 41,8%, Òòîïë=169–1710Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,91
(ä, J=7,8, 4H), 7,66 (ò, J=7,8, 2H), 7,49 (ò, J=7,8,
4H), 5,91 (ì, 2H), 5,47–5,23 (ì, 4H), 2,87
(ä, J=7,6, 4H). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,2,
166,7, 147,2, 135,6, 130,9, 130,7, 130,3, 129,2, 122,3,
58,6, 42,9. Çíàéäåíî, %: C 69,17; H 4,75; N 6,78.
C24H20N2O5. Ðîçðàõîâàíî, %: C 69,22; H 4,84; N
6,73.

5,5-Ä³àë³ë-1,3-á³ñ(4-ìåòèëáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IVá:

Âèõ³ä 63,9%, Òòîïë=178–1800Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,94
(ä, J=7,8, 4H), 7,48 (ä, J=7,8, 4H), 5,84 (ì, 2H),
5,41–5,19 (ì, 4H), 3,32 (s, 6H), 2,85 (ä, J=7,4,
4H). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,3, 167,3, 148,1,
147,7, 131,2, 131,1, 130,8, 128,3, 122,1, 57,4, 41,2,
21,9. Çíàéäåíî, %: C 70,19; H 5,49; N 6,23.
C26H24N2O5. Ðîçðàõîâàíî, %: C 70,26; H 5,44; N
6,30.

5,5-Ä³àë³ë-1,3-á³ñ(2-õëîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IVâ:

Âèõ³ä 53,8%, Òòîïë=141–1430Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,00
(ä, J=6,8, 2H), 7,60 (ò, J=6,8, 2H), 7,06 (ò, J=6,8,
2H), 7,00 (ä, J=6,8, 2H), 5,80 (ì, 2H), 5,25
(m, 4H), 2,81 (ä, J=7,5, 2H). ßÌÐ 13Ñ (CDCl3), ,
ì.÷.: 170,5, 166,3, 147,8, 133,6, 131,0, 130,3, 127,1,
122,4, 122,0, 121,3, 117,0, 57,6, 42,3. Çíàéäåíî,
%: C 59,36; H 3,70; N 5,84. C24H18Cl2N2O5. Ðîçðà-
õîâàíî, %: C 59,40; H 3,74; N 5,77.

5,5-Ä³àë³ë-1,3-á³ñ(2-ôëóîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IVã:

Âèõ³ä 57,1%, Òòîïë=180–1820Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,69
(ì, 1H), 7,51 (ì, 1H), 7,47 (ì, 1H), 7,34 (ì, 1H),
5,75 (ì, 2H), 5,30 (ì, 4H), 2,79 (ä, J=7,8, 4H).
ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,6, 166,2, 147,7,
133,4, 130,8, 129,9, 126,3, 122,1, 121,9, 121,1, 117,1,
57,8, 42,5. Çíàéäåíî, %: C 63,79; H 3,95; N 6,10.
C24H18F2N2O5. Ðîçðàõîâàíî, %: C 63,72; H 4,01;
N 6,19.

5,5-Ä³àë³ë-1,3-á³ñ(4-ôëóîðîáåíçî¿ë)ï³ðèì³äèí-
2,4,6(1H,3H,5H)-òð³îí IVä:

Âèõ³ä 64,7%, Òòîïë=172–1740Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,97
(ì, 4Í), 7,20 (ì, 4Í), 5,92 (ì, 2Í), 5,43–5,32
(ì, 4Í), 2,89 (ä, J=5,2, 4Í). ßÌÐ 13Ñ (CDCl3), ,
ì.÷.: 170,0, 168,1, 166,4, 147,1, 133,5, 130,3, 127,4,
122,4, 116,7, 58,6, 42,7. Çíàéäåíî, %: C 63,79; H
3,96; N 6,11. C24H18F2N2O5. Ðîçðàõîâàíî, %: C
63,72; H 4,01; N 6,19.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 5-ñï³ðîöèêëî-
àëêåí³ëüíèõ áåíçî¿ëçàì³ùåíèõ ï³ðèì³äèí-2,4,6-
òð³îí³â ðåàêö³ºþ ìåòàòåçèñó ³ç çàêðèòòÿì öèêëó

Äî ðîç÷èíó 0,02 ììîëü â³äïîâ³äíîãî ä³àë³ë-
ï³ðèì³äèíòð³îíó IIIa-ä, IVa-ä â ñèñòåì³ ðîç÷èí-
íèê³â äèõëîðîåòàí-òîëóåí (1:1) äîäàâàëè 2,0–
2,5 ìîë.% ðóòåí³ºâîãî êîìïëåêñó IX. Îäåðæàíó
ñóì³ø íàãð³âàëè â àòìîñôåð³ àðãîíó çà òåìïåðà-
òóðè 70–750Ñ óïðîäîâæ 4–5 ãîä. Ïîò³ì ðîç÷èí-
íèêè âèïàðîâóâàëè ïðè íèçüêîìó òèñêó, à çàëè-
øîê î÷èùàëè â³ä êàòàë³çàòîðà ç âèêîðèñòàííÿì
êîëîíêîâî¿ õðîìàòîãðàô³¿ íà ñèë³êàãåë³ ç çàñòî-
ñóâàííÿì ñóì³ø³ åòèëàöåòàòó òà ãåêñàíó ÿê åëþ-
åíòà. Ï³ñëÿ âèïàðîâóâàííÿ ïðè íèçüêîìó òèñêó
ïðîäóêò êðèñòàë³çóâàëè ç åòàíîëó.

7-Áåíçî¿ë-7,9-ä³àçàñï³ðî[4.5]äåö-2-åí-6,8,10-
òð³îí Và:

Âèõ³ä 82,1%, Òòîïë=184–1860Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (DMSO-d6), , ì.÷. (J, Ãö): 11,70
(ñ, 1H), 8,17 (ä, J=7,7, 2H), 7,78 (ò, J=7,7, 1H),
7,60 (ò, J=7,7, 2H), 5,63 (ñ, 2H), 2,99 (ì, 4H).
ßÌÐ 13Ñ (DMSO-d6), , ì.÷.: 173,1, 173,0, 169,7,
149,8, 136,1, 132,0, 130,6, 129,6, 127,8, 55,4, 44,2.
Çíàéäåíî, %: C 63,46; H 4,14; N 9,79. C15H12N2O4.
Ðîçðàõîâàíî, %: C 63,38; H 4,25; N 9,85.

7-(2-Ìåòèëáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]äåö-2-
åí-6,8,10-òð³îí Vá:

Âèõ³ä 89,7%, Òòîïë=179–1810Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (DMSO-d6), , ì.÷. (J, Ãö): 11,65
(ñ, 1H), 8,05 (ä, J=7,2, 2H), 7,41 (ä, J=7,2, 2H),
5,62 (ñ, 2H), 2,97 (m, 4H), 2,41 (ñ, 3Í). ßÌÐ 13Ñ
(DMSO-d6), , ì.÷.: 170,5, 170,4, 166,4, 147,4,
134,1, 130,6, 130,1, 128,4, 127,1, 55,0, 43,9, 21,9.
Çíàéäåíî, %: C 64,37; H 4,70; N 9,32. C16H14N2O4.
Ðîçðàõîâàíî, %: C 64,42; H 4,73; N 9,39.

7-(2-Õëîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]äåö-2-
åí-6,8,10-òð³îí Vâ:

Âèõ³ä 75,7%, Òòîïë=169–1710Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (DMSO-d6), , ì.÷. (J, Ãö): 11,71
(ñ, 1H), 8,20 (ä, J=6,8, 1H), 7,68 (ì, 2H), 7,51
(ì, 1H), 5,61 (ñ, 2H), 2,94 (m, 4H). ßÌÐ 13Ñ
(DMSO-d6), , ì.÷.: 172,7, 172,5, 166,7, 149,5,
135,6, 133,7, 133,1, 132,1, 131,4, 128,2, 127,9, 55,5,
43,9. Çíàéäåíî, %: C 56,48; H 3,41; N 8,84.
C15H11ClN2O4. Ðîçðàõîâàíî, %: C 56,53; H 3,47;
N 8,79.
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7-(2-Ôëóîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]äåö-2-
åí-6,8,10-òð³îí Vã:

Âèõ³ä 81,3%, Òòîïë=186–1880Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (DMSO-d6), , ì.÷. (J, Ãö): 11,71
(ñ, 1H), 7,99 (ä, J=7,8, 1H), 7,71 (ò, J=7,8, 1H),
7,32–7,02 (ì, 2H), 5,63 (ì, 2H), 3,10–2,80
(ì, 4H). ßÌÐ 13Ñ (DMSO-d6), , ì.÷.: 172,7, 172,6,
168,3, 165,5, 149,2, 136,7, 133,9, 132,6, 128,2, 127,4,
116,8, 55,2, 44,1. Çíàéäåíî, %: C 59,67; H 3,59;
N 9,22. C15H11FN2O4. Ðîçðàõîâàíî, %: C 59,61; H
3,67; N 9,27.

7-(4-Ôëóîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]äåö-2-
åí-6,8,10-òð³îí Vä:

Âèõ³ä 68,8%, Òòîïë=177–1790Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (DMSO-d6), , ì.÷. (J, Ãö): 11,71
(ñ, 1H), 8,29 (ì, 2H), 7,44 (ò, J=8,8, 2H), 5,63
(ñ, 2H), 2,92 (ì, 4H). ßÌÐ 13Ñ (DMSO-d6), ,
ì.÷.: 173,0, 172,9, 168,6, 165,8, 149,8, 134,3, 128,8,
127,9, 117,1, 55,4, 44,4. Çíàéäåíî, %: C 59,56; H
3,63; N 9,21. C15H11FN2O4. Ðîçðàõîâàíî, %: C
59,61; H 3,67; N 9,27.

7,9-Äèáåíçî¿ë-7,9-ä³àçàñï³ðî[4.5]äåö-2-åí-
6,8,10-òð³îí VIà:

Âèõ³ä 93,1%, Òòîïë=190–1920Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,25
(ä, J=7,8, 4Í), 7,81 (ò, J=7,8, 2H), 7,70 (ò, J=7,8,
4H), 5,69 (ñ, 2H), 3,13 (ñ, 4H). ßÌÐ 13Ñ (CDCl3),
, ì.÷.: 173,1, 169,8, 149,7, 136,3, 132,2, 130,8,
129,9, 128,0, 55,3, 44,5. Çíàéäåíî, %: C 68,09; H
4,08; N 7,17. C22H16N2O5. Ðîçðàõîâàíî, %: C 68,04;
H 4,15; N 7,21.

7,9-Á³ñ(4-ìåòèëáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]-
äåö-2-åí-6,8,10-òð³îí VIá:

Âèõ³ä 77,9%, Òòîïë=184–1860Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,85 (ä,
J=6,8, 4H), 7,31 (ä, J=6,8, 4H), 5,69 (ñ, 2H), 3,29
(ñ, 4H), 2,42 (ñ, 6H). ßÌÐ 13Ñ (CDCl3), , ì.÷.:
170,3, 166,4, 147,4, 147,1, 130,6, 130,1, 128,4, 127,1,
56,0, 43,9, 21,9. Çíàéäåíî, %: C 69,28; H 4,79; N
6,70. C24H20N2O5. Ðîçðàõîâàíî, %: C 69,22; H 4,84;
N 6,73.

7,9-Á³ñ(2-õëîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]-
äåö-2-åí-6,8,10-òð³îí VIâ:

Âèõ³ä 88,1%, Òòîïë=158–1600Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,04
(ä, J=7,6, 2Í), 7,57 (ò, J=7,6, 2Í), 7,06 (ò, J=7,6,
2Í), 6,98 (ä, J=7,6, 2Í), 5,68 (ñ, 2Í), 3,21
(ñ, 2Í). ßÌÐ 13Ñ (CDCl3), , ì.÷.: 171,6, 166,8,
147,9, 146,3, 133,5, 130,7, 129,9, 126,5, 122,0, 121,6,
57,7, 42,7. Çíàéäåíî, %: C 57,83; H 3,02; N 6,06.
C22H14Cl2N2O5. Ðîçðàõîâàíî, %: C 57,79; H 3,09;
N 6,13.

7,9-Á³ñ(2-ôëóîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]-
äåö-2-åí-6,8,10-òð³îí VIã:

Âèõ³ä 78,2%, Òòîïë=169–1710Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 8,04
(ì, 2Í), 7,57 (ì, 2Í), 7,06 (ì, 2Í), 6,98 (ì, 2Í),
5,69 (ñ, 2Í), 3,27 (ñ, 2Í). ßÌÐ 13Ñ (CDCl3), ,
ì.÷.: 171,6, 166,8, 147,9, 146,3, 133,5, 130,7, 129,9,
126,5, 122,0, 121,6, 57,7, 42,7. Çíàéäåíî, %: C
62,21; H 3,39; N 6,56. C22H14F2N2O5. Ðîçðàõîâà-
íî, %: C 62,27; H 3,33; N 6,60.

7,9-Á³ñ(2-ôëóîðîáåíçî¿ë)-7,9-ä³àçàñï³ðî[4.5]-
äåö-2-åí-6,8,10-òð³îí VIä:

Âèõ³ä 84,6%, Òòîïë=186–1880Ñ (åòàíîë).
Ñïåêòð ßÌÐ 1Í (CDCl3), , ì.÷. (J, Ãö): 7,89
(ì, 4H), 7,31 (ì, 4H), 5,70 (ñ, 2H), 3,29 (ñ, 4H).
ßÌÐ 13Ñ (CDCl3), , ì.÷.: 170,4, 166,7, 166,4,
147,4, 130,6, 130,2, 128,4, 127,2, 56,1, 44,0. Çíàé-
äåíî, %: C 62,21; H 3,39; N 6,54. C22H14F2N2O5.
Ðîçðàõîâàíî, %: C 62,27; H 3,33; N 6,60.

Àíàëãåòè÷íó àêòèâí³ñòü ñïîëóê V–VI âèç-
íà÷àëè íà áåçïîðîäíèõ ùóðàõ-ñàìöÿõ. Â³ðòóàëüíå
îö³íþâàííÿ ãîñòðî¿ òîêñè÷íîñò³ âèêîíóâàëè ç
âèêîðèñòàííÿì ìåòîäó QSAR çà ìåòîäîëîã³ºþ
êîìï’þòåðíî¿ ïðîãðàìè QuS. Åêñïåðèìåíòàëü-
íå äîñë³äæåííÿ ãîñòðî¿ òîêñè÷íîñò³ áóëî çä³éñíå-
íî íà á³ëèõ áåçïîðîäíèõ ìèøàõ âàãîþ 16–
24 ã. Âèâ÷åííÿ á³îëîã³÷íî¿ àêòèâíîñò³ òà òîê-
ñè÷íîñò³ âèêîíàíî â ëàáîðàòîð³¿ á³îòåõíîëîã³¿
ô³ç³îëîã³÷íî àêòèâíèõ ñïîëóê á³îëîã³÷íîãî ôà-
êóëüòåòó Çàïîð³çüêîãî íàö³îíàëüíîãî óí³âåðñè-
òåòó.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Àöèëóâàííÿ ï³ðèì³äèíòð³îí³â ó ïîëîæåí-
íÿõ 1 òà 3 ï³ðèì³äèíòð³îíîâîãî ê³ëüöÿ õëîðîàí-
ã³äðèäàìè òà àíã³äðèäàìè îðãàí³÷íèõ êèñëîò,
çàçâè÷àé, ïðîâîäÿòü â ïðèñóòíîñò³ ï³ðèäèíó,
ñîëåé ñð³áëà àáî íàòð³þ, à òàêîæ ïðè âçàºìîä³¿
õëîðàíã³äðèä³â ç 1,3-á³ñ(òðèìåòèëñèë³ë)- òà
1,3-á³ñ(òðèáóòèëñòàí³ë)-òð³îêñîï³ðèì³äèíàìè
[12].

Çàñòîñóâàííÿ ï³ðèäèíó ÿê îñíîâè ïðèâî-
äèòü äî íåñåëåêòèâíîãî àöèëóâàííÿ ï³ðèì³äè-
íîâîãî öèêëó, òîìó â³äîêðåìëåííÿ ìîíîáåíçî¿ë-
òà ä³áåíçî¿ëçàì³ùåíèõ ïðîäóêò³â îäèí â³ä ³íøî-
ãî, çàçâè÷àé, äîñèòü óñêëàäíþº ïðîöåñ ñèíòåçó,
à òàêîæ âåäå äî çìåíøåííÿ âèõîäó ö³ëüîâèõ ïðî-
äóêò³â. 1-Áåíçî¿ëçàì³ùåí³ ïîõ³äí³ 5,5-ä³àë³ëï³ðè-
ì³äèíòð³îíó IIIà-ä, ÿê âñòàíîâëåíî, ç äîñèòü
âèñîêèìè âèõîäàìè òà íèçüêîþ ê³ëüê³ñòþ ïî-
á³÷íèõ äîì³øîê áóëî îäåðæàíî ïðè âçàºìîä³¿
ï³ðèì³äèíòð³îíó I ç 10% íàäëèøêîì â³äïîâ³ä-
íèõ õëîðîàíã³äðèä³â áåíçîéíèõ êèñëîò IIà-ä â
ïðèñóòíîñò³ 20% íàäëèøêó N,N-ä³åòèëàí³ë³íó
áåç äîäàòêîâèõ îðãàí³÷íèõ ðîç÷èííèê³â. Ñàìå
âèêîðèñòàííÿ ä³åòèëàí³ë³íó ÿê äîñèòü ì’ÿêî¿ òà
ñëàáøî¿ çà ï³ðèäèí îñíîâè, äîçâîëèëî ïðîâî-
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äèòè àöèëóâàííÿ â îäíå NH-ïîëîæåííÿ ï³ðèì³-
äèíîâîãî öèêëó, õî÷à â áàãàòüîõ âèïàäêàõ ñïîñ-
òåð³ãàâñÿ íåçíà÷íèé âì³ñò ïðîäóêò³â äèçàì³ùåí-
íÿ. Ñë³ä â³äì³òèòè, ùî âèùåçàçíà÷åí³ ðåàêö³¿
â³äáóâàëèñü çà òåìïåðàòóðè 1200Ñ âïðîäîâæ 7–
8 ãîä, à âèä³ëåí³ ç ðåàêö³éíî¿ ñóì³ø³ ïðîäóêòè
ðåàêö³¿ áóëè äîî÷èùåí³ ïåðåêðèñòàë³çàö³ºþ ç åòà-
íîëó. Âèõîäè ö³ëüîâèõ ìîíîáåíçî¿ëçàì³ùåíèõ
ï³ðèì³äèíòð³îí³â IIIà-ä ñòàíîâëÿòü â³ä 58 äî 75%.

Ñèíòåç äèáåíçî¿ëçàì³ùåíèõ ïîõ³äíèõ òð³îê-
ñîï³ðèì³äèíó IVà-ä áóëî çä³éñíåíî ðåàêö³ºþ 25%
íàäëèøêó â³äïîâ³äíèõ áåíçî¿ëõëîðèä³â IIà-ä ç
äèíàòð³ºâîþ ñ³ëëþ âèõ³äíîãî ï³ðèì³äèíó I (ñõå-
ìà 1).

Âñòàíîâëåíî, ùî âèêîðèñòàííÿ êàò³îíà
ëóæíîãî ìåòàëó çíà÷íî ï³äâèùóº íóêëå-
îô³ëüí³ñòü àòîì³â àçîòó ó ï³ðèì³äèíîâîìó ê³ëüö³
³, â³äïîâ³äíî, ââåäåííÿ àöèëüíèõ çàì³ñíèê³â
â³äáóâàºòüñÿ çíà÷íî ëåãøå ³ ïîâí³øå, à íàÿâí³ñòü

âèõ³äíîãî ìàòåð³àëó àáî ñï³â-ïðîäóêòó ìîíîçà-
ì³ùåííÿ ñïîñòåð³ãàëîñÿ ëèøå â äåÿêèõ âèïàä-
êàõ ³ â ñë³äîâèõ ê³ëüêîñòÿõ. Âëàñíå, íàòð³ºâ³ ñîë³
ä³àë³ëçàì³ùåíîãî ï³ðèì³äèíòð³íó áóëî îäåðæà-
íî ïðè âçàºìîä³¿ äâîõ åêâ³âàëåíò³â íàòð³é ìåòè-
ëàòó â ñóõîìó ñïèðò³ ç ïîäàëüøèì âàêóóìíèì
âèïàðîâóâàííÿì ìåòàíîëó òà îñóøóâàííÿì ïðè
íèçüêîìó òèñêó âïðîäîâæ 10 ãîä.

Ðåàêö³¿ àöèëóâàííÿ âèêîíóâàëèñü â ñóõîìó
òåòðàã³äðîôóðàí³ ïðè 500Ñ âïðîäîâæ 5–7 ãîä.
Êîíòðîëü ïåðåá³ãó ðåàêö³¿ çä³éñíþâàâñÿ ìåòî-
äîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿ ³ç çàñòîñóâàí-
íÿì ñóì³ø³ áåíçèí–àöåòîí³òðèë (4:1) â ÿêîñò³
åëþåíòà. Ö³ëüîâ³ äèáåíçî¿ëüí³ ïîõ³äí³ òð³îêñîï³-
ðèì³äèíòð³îíó â³ää³ëÿëè â³ä äîì³øîê ³ ïîá³÷íèõ
ñï³â-ïðîäóêò³â îáðîáêîþ ðåàêö³éíî¿ ìàñè ðîç-
÷èíîì íàòð³é ã³äðîêñèäó òà ïîäàëüøîþ ïåðåêðè-
ñòàë³çàö³ºþ ç åòàíîëó. Âèõîäè äèçàì³ùåíèõ ïðî-
äóêò³â IVà-ä ñòàíîâëÿòü 64–81%. Óñ³ ñèíòåçî-
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âàí³ ïðîäóêòè ÿâëÿþòü ñîáîþ á³ë³ êðèñòàë³÷í³
ñïîëóêè, ÿê³ íå º ÷óòëèâèìè äî ïîâ³òðÿ òà âîëî-
ãè ³ ìîæóòü çáåð³ãàòèñÿ ïðè íîðìàëüíèõ óìîâàõ
âïðîäîâæ òðèâàëîãî ÷àñó.

Áóäîâó òà õ³ì³÷íó ÷èñòîòó íîâèõ ïðîäóêò³â
ìîíî- òà ä³àöèëóâàííÿ ä³àë³ëï³ðèì³äèíòð³îíó
äîâåäåíî ñïåêòðîñêîï³ºþ ßÌÐ íà ÿäðàõ âîäíþ
òà âóãëåöþ, à òàêîæ åëåìåíòíèì àíàë³çîì.

Îòðèìàí³ ä³àë³ëçàì³ùåí³ òð³îêñîï³ðèì³äèí-
òð³îíè IIIà-ä òà IVà-ä áóëî ïåðåòâîðåíî ó
â³äïîâ³äí³ ñï³ðîöèêëîïåíòåí³ëüí³ ïîõ³äí³ Và-ä
òà VIà-ä ðåàêö³ÿìè ìåòàòåçèñó ³ç çàêðèòòÿì öèêëó
(ñõåìà 2).

Âñòàíîâëåíî [13], ùî ïðîâåäåííÿ RCM
êîíâåðñ³é íàéá³ëüø åôåêòèâíî â³äáóâàºòüñÿ çà
ó÷àñòþ êàðáåíîâèõ êîìïëåêñ³â ðóòåí³þ. Ñë³ä
çàçíà÷èòè, ùî RCM ñï³ðîöèêë³çàö³ÿ â³äáóâàºòüñÿ
âàæêî ³, â³äïîâ³äíî, ïîòðåáóº ï³äâèùåíèõ òåì-
ïåðàòóð òà òðèâàëîãî ÷àñó ñèíòåçó. Äëÿ ï³äâè-
ùåííÿ åôåêòèâíîñò³ ðåàêö³¿ íåîáõ³äíî çàñòîñó-
âàííÿ êàòàë³çàòîð³â ç òðèâàëèì “÷àñîì æèòòÿ”
àêòèâíî¿ 14-åëåêòðîííî¿ ÷àñòèíêè ðóòåí³ºâîãî
êîìïëåêñó. Ñàìå ñïîëóêè ðóòåí³þ ç âì³ñòîì
N-ãåòåðîöèêë³÷íîãî ë³ãàíäó ìàþòü âèñîêó òåð-
ìîñòàá³ëüí³ñòü ³ êàòàë³çóþòü çàçíà÷åí³ ðåàêö³¿
âïðîäîâæ òðèâàëîãî ÷àñó ïðè ï³äâèùåíèõ òåì-
ïåðàòóðàõ [14]. Íàéá³ëüø åôåêòèâíèìè äëÿ ðå-
àêö³é ñï³ðîöèêë³çàö³¿ ï³ðèì³äèíòð³îí³â, ÿê áóëî
ïîêàçàíî ðàí³øå, º ìîíîôîñô³íîâèé êàòàë³çà-
òîð òèïó Ãðàááñà äðóãîãî ïîêîë³ííÿ VII òà áåç-
ôîñô³íîâèé êîìïëåêñ òðåòüîãî ïîêîë³ííÿ Õî-
âåéäè-Ãðàááñà VIII [15].

Ç ìåòîþ äîñë³äæåííÿ ìîæëèâîñòåé ïåðå-
òâîðåííÿ ä³àë³ëçàì³ùåíèõ áåíçî¿ëï³ðèì³äèíòð³-
îí³â ó â³äïîâ³äí³ ñï³ðî-àíåëüîâàí³ ïðîäóêòè,
íàìè ñïî÷àòêó áóëî ïðîâåäåíî ñïðîáè çä³éñíè-
òè RCM íà âèõ³äíîìó ³íòåðìåä³àò³ ²²²à ç âèêî-
ðèñòàííÿì ðóòåí³ºâèõ êîìïëåêñ³â VII, VII² òà
IX (ðèñóíîê).

Ó âèïàäêó çàñòîñóâàííÿ êàòàë³çàòîðà VII

êîíâåðñ³ÿ âèõ³äíî¿ ñïîëóêè ó ñï³ðàí íå â³äáóâà-
ëàñü. Íàâ³òü ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ êàòà-
ë³çàòîðà äî 10 ìîë.% ³ ï³äâèùåíí³ òåìïåðàòóðè
äî 650Ñ ó äèõëîðîåòàí³ òà ïðîâåäåíí³ ñèíòåçó
âïðîäîâæ 18 ãîä øóêàíèé ïðîäóêò îòðèìàòè íå
âäàëîñÿ.

Ïðè âèêîðèñòàíí³ áåçôîñô³íîâîãî êîìï-
ëåêñó VII² ïîâíî¿ êîíâåðñ³¿ ñïîëóêè ²²²à ó â³äïî-
â³äíèé ïðîäóêò V âäàëîñÿ äîñÿãòè ïðè âèêîðèñ-
òàíí³ éîãî ó ê³ëüêîñò³ 10 ìîë.% â äèõëîðîìåòàí³
âïðîäîâæ 18 ãîä.

Äîñèòü íåñïîä³âàíèé ðåçóëüòàò áóëî îäåð-
æàíî ïðè çàñòîñóâàíí³ N-ãåòåðîöèêë³÷íîãî ðó-
òåí³éêàðáåíîâîãî êàòàë³çàòîðà ²² ïîêîë³ííÿ ôå-
í³ë³íäåí³ë³äåíîâîãî òèïó ²Õ. ßê áóëî âñòàíîâ-
ëåíî, ïîâíà RCM ñï³ðîöèêë³çàö³ÿ â³äáóâàºòüñÿ
ïðè çàñòîñóâàíí³ öüîãî êîìïëåêñó â êîíöåíò-
ðàö³¿ ëèøå 2 ìîë.% çà â³äíîøåííÿì äî âèõ³äíî-
ãî ñóáñòðàòó. Ñë³ä â³äì³òèòè, ùî ðåàêö³þ RCM
çä³éñíåíî ó ñóì³ø³ äèõëîðîåòàíó òà òîëóåíó â
³íåðòíîìó ñåðåäîâèù³ ïðè 700Ñ âïðîäîâæ 4 ãîä.
Çâàæàþ÷è íà òå, ùî êàòàë³çàòîð ²Õ ç òî÷êè çîðó
ñèíòåçó º á³ëüø äîñòóïíèì òà äåøåâøèì çà êîì-
ïëåêñ VII², óñ³ íàñòóïí³ ïðîäóêòè ñï³ðîöèêë³-
çàö³¿ áóëî îäåðæàíî ç âèêîðèñòàííÿì ñàìå êîì-
ïëåêñó ²Õ.

Ïðîäóêòè ìåòàòåçèñó â³ää³ëÿëè â³ä çàëèøê³â
êàòàë³çàòîðà ìåòîäîì êîëîíêîâî¿ õðîìàòîãðàô³¿
íà ñèë³êàãåë³ ³ç çàñòîñóâàííÿì ñóì³ø³ åòèëàöå-
òàòó òà ãåêñàíó ÿê åëþåíòà.

Ñòðóêòóðè òà õ³ì³÷íó ÷èñòîòó ñèíòåçîâàíèõ
ñï³ðî-àíåëüîâàíèõ ìîíî- òà äèáåíçî¿ëçàì³ùåíèõ
ï³ðèì³äèíòð³îí³â äîâåäåíî ñïåêòðîñêîï³ºþ ßÌÐ
íà ÿäðàõ âîäíþ òà âóãëåöþ, à òàêîæ åëåìåíòíèì
àíàë³çîì.

Äîñë³äæåíî äåÿê³ ïðàêòè÷íî êîðèñí³ âëàñ-
òèâîñò³ ñèíòåçîâàíèõ ñïîëóê. Çíàéäåíî, ùî ðå-
÷îâèíè Vã, VIá òà VIã âèÿâëÿþòü âèðàæåíó çíå-
áîëþâàëüíó àêòèâí³ñòü ³ çà ä³ºâèì åôåêòîì êîí-
êóðóþòü ç ïðåïàðàòîì ãðóïè ï³ðàçîëîíó
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«Àíàëüã³í», òîä³ ÿê ñïîëóêè Vá, Vâ òà V²â ìàþòü
ïîì³ðíó, à Và, ³ VIa  – ñëàáêó àíàëãåòè÷íó ä³þ.

Ãîñòðó òîêñè÷í³ñòü ñèíòåçîâàíèõ ðå÷îâèí
áóëî äîñë³äæåíî â³ðòóàëüíèì òà åêñïåðèìåíòàëü-
íèì øëÿõàìè. Ç îäåðæàíèõ â³ðòóàëüíèõ ðîçðà-
õóíê³â òà åêñïåðèìåíòàëüíèõ äàíèõ ìîæíà çðî-
áèòè âèñíîâîê, ùî äîñë³äæóâàí³ ñï³ðîöèêë³÷í³
ï³ðèì³äèíòð³îíè ìàþòü íèçüêó ãîñòðó òîê-
ñè÷í³ñòü, òîìó ¿õ ìîæíà â³äíåñòè äî ìàëîòîê-
ñè÷íèõ àáî ïðàêòè÷íî íåòîêñè÷íèõ ðå÷îâèí.

Çä³éñíåí³ á³îëîã³÷í³ äîñë³äæåííÿ ï³äòâåð-
äæóþòü ïåðñïåêòèâí³ñòü ïîäàëüøîãî äèçàéíó òà
ñèíòåçó íîâèõ ñï³ðîöèêë³÷íèõ ïîõ³äíèõ ï³ðèì³-
äèí-2,4,6-òð³îíó ç ìåòîþ îäåðæàííÿ ïîòåíö³é-
íèõ àíàëãåòè÷íèõ çàñîá³â.

Âèñíîâêè

1. Ðåàêö³ÿìè àöèëóâàííÿ âèõ³äíîãî 5,5-ä³à-
ë³ëï³ðèì³äèí-2,4,6-òð³îíó íèçêîþ õëîðîàíã³ä-
ðèä³â áåíçîéíèõ êèñëîò ç âèêîðèñòàííÿì
N,N-ä³åòèëàí³ë³íó òà íàòð³ºâèõ ñîëåé ñèíòåçî-
âàíî ìîíî- òà äèáåíçî¿ëçàì³ùåí³ ïîõ³äí³ òð³îê-
ñîï³ðèì³äèíó.

2. Äîñë³äæåíî óìîâè âèêîíàííÿ ðåàêö³é ìå-
òàòåçèñó ³ç çàêðèòòÿì öèêëó íà áåíçî¿ëçàì³ùå-
íèõ ïîõ³äíèõ ä³àë³ëï³ðèì³äèíòð³îíó òà âñòàíîâ-
ëåíî íàéá³ëüø åôåêòèâí³ êàòàë³çàòîðè, ùî çà-
áåçïå÷óþòü åôåêòèâíèé ïåðåá³ã öèõ ïåðåòâîðåíü.

3. Ðåàêö³ÿìè ìåòàòåçèñó ³ç çàêðèòòÿì öèê-
ëó ³ç çàñòîñóâàííÿì ðóòåí³éêàðáåíîâîãî êàòàë³-
çàòîðà ôåí³ë³íäåí³ë³äåíîâîãî òèïó îäåðæàíî ç
áåíçî¿ëçàì³ùåíèõ ä³àë³ëï³ðèì³äèíòð³îí³â íîâ³
â³äïîâ³äí³ ñï³ðîöèêëîïåíòåí³ëüí³ ãåòåðîöèêëè.

4. Â³ðòóàëüíèì ìåòîäîì QSAR òà åêñïåðè-
ìåíòàëüíèìè äîñë³äæåííÿìè âñòàíîâëåíî, ùî
ñèíòåçîâàí³ ñïîëóêè ìîæíà â³äíåñòè äî ìàëî-
òîêñè÷íèõ àáî ïðàêòè÷íî íåòîêñè÷íèõ.

5. Åêñïåðèìåíòàëüíèì øëÿõîì ç’ÿñîâàíî,
ùî äåÿê³ ñï³ðîöèêë³÷í³ ï³ðèì³äèíòð³îíè ìàþòü
âèðàæåíó àíàëãåòè÷íó àêòèâí³ñòü, ÿêà â äåÿêèõ
âèïàäêàõ ïåðåâèùóº àêòèâí³ñòü ïðåïàðàòó
«àíàëüã³í».
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SYNTHESIS OF NEW SPIROCYCLIC PYRIMIDINE-2,4,6-
TRIONS BY METATHESIS REACTIONS

N.I. Kobyzhcha a, V.M. Holovatiuk b, *, V.V. Sukhoveev a, b,
M.V. Strilets b, V.I. Kashkovsky a

a V.P. Kukhar Institute of Bioorganic Chemistry and
Petrochemistry of the National Academy of Sciences of Ukraine,
Kyiv, Ukraine

b Nizhyn Mykola Gogol State University, Nizhyn, Ukraine
* e-mail: vladimirxpu@rambler.ru

The paper reports the synthesis of new spirocyclic mono- and
diacyl-substituted pyrimidine-2,4,6-trione derivatives by using ring-
closing metathesis reactions. Initially, acylation of active N–H groups
in the positions 1 and 3 by various benzoyl chlorides yields a series
of respective mobenzoyl- and dibenzoyl-substituted trioxopyrimidines
as a starting material for metathesis. It was experimentally established
that the use of N,N-diethylaniline as a base led to monoacylated
product, while the interactions of diallylpyrimidinetrione disodium
salt with respective benzoyl chlorides allow obtaining disubstituted
products with a high yield. The synthesized intermediates were
converted into new unsaturated spirocyclic derivatives of
pyrimidintrione via ring-closing metathesis reactions and with the
aid of ruthenium carbene complex. It was determined that N-
heterocyclic phosphine-free ruthenium carbene benzylidene Hoveyda–
Grubbs catalyst and monophosphine imidazolidine-containing phenyl-
indenylidene ruthenium complex are the most effective for ring-closing
metathesis reaction. The structure and chemical purity of all new
synthesized compounds were proved by 1H and 13C NMR spectroscopy
and elemental analysis. It was experimentally established that some
spiro-annulated pyrimidintrione derivatives showed a significant
analgesic activity and can compete with well-known pyraolone-
containing drug «analgin». It was shown that all synthesized products
have a low acute toxicity and hence they are a low-toxic or non-
toxic compounds.

Keywords: pyrimidin-2,4,6-trione; spiro-annelation;
metathesis; Grubbs catalyst; analgesic activity.
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