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ÑÈÍÒÅÇ I ÂËÀÑÒÈÂÎÑÒ² Á²ßÄÅÐÍÎ¯ ÑÏÎËÓÊÈ ÐÅÍ²Þ(III) Ç ÊÎÐÈ×ÍÎÞ
ÊÈÑËÎÒÎÞ

Óêðà¿íñüêèé äåðæàâíèé óí³âåðñèòåò íàóêè ³ òåõíîëîã³é, ì. Äí³ïðî, Óêðà¿íà

Ðîçðîáëåíà ìåòîäèêà ñèíòåçó, çã³äíî ç ÿêîþ îäåðæàíà òà âèä³ëåíà ó òâåðäîìó

âèãëÿä³ êîìïëåêñíà ñïîëóêà äèðåí³þ(²²²) ç êîðè÷íîþ êèñëîòîþ. Âñòàíîâëåíî

îïòèìàëüí³ óìîâè ñèíòåçó: ìîëüíå ñï³ââ³äíîøåííÿ âèõ³äíèõ ðå÷îâèí (NBu4)2Re2Cl8
òà êîðè÷íî¿ êèñëîòè ñòàíîâèòü 1:5, â³äïîâ³äíî, ðåàêö³þ ïðîâîäèëè ó îðãàí³÷íîìó

ñåðåäîâèù³ CH3CN, â ³íåðòí³é àòìîñôåð³ çà ê³ìíàòíî¿ òåìïåðàòóðè. Çà äîïîìî-

ãîþ ô³çèêî-õ³ì³÷íèõ ìåòîä³â àíàë³çó: åëåêòðîííî¿ àáñîðáö³éíî¿, ²×- òà ÏÌÐ-

ñïåêòðîñêîï³é âèâ÷åíà áóäîâà ñèíòåçîâàíî¿ êîìïëåêñíî¿ ñïîëóêè òà äîñë³äæåí³ ¿¿

âëàñòèâîñò³. Â ÅÑÏ ðîç÷èíó ö³ëüîâî¿ ñïîëóêè ñïîñòåð³ãàºòüñÿ ìàêñèìóì ïîãëè-

íàííÿ ïðè 630 íì, ÿêèé â³äíîñèòüñÿ äî δ→δ*-åëåêòðîííîãî ïåðåõîäó ìåòàë-ìåòàë

äëÿ õëîðèäíèõ öèñ-äè-µ-êàðáîêñèëàò³â äèðåí³þ(²²²). Â ²×-ñïåêòð³ íàÿâíà õàðàêòå-

ðèñòè÷íà ³íòåíñèâíà ñìóãà êîëèâàííÿ ïðè 1419 ñì–1, ùî â³äïîâ³äàº âàëåíòíîìó

êîëèâàííþ êîîðäèíîâàíî¿ êàðáîêñèëàòíî¿ ãðóïè. ²íø³ ñìóãè â ³íòåðâàë³ 2930–

3100 ñì–1 – âàëåíòí³ êîëèâàííÿ ãðóï ÑÍ áåíçîëüíîãî ÿäðà ³ àëê³ëüíîãî ëàíöþãà

êîðè÷íî¿ êèñëîòè. Ó ÏÌÐ-ñïåêòð³ â ÄÌÑÎ-d6 íàÿâí³ ñèãíàëè ïðè 7,8 ì.ä. (ïðîòîí

ïðè Ñ=Ñ-ãðóï³), ìàëî³íòåíñèâíèé ñèãíàë ïðè 6,5 ì.ä. (ïðîòîí α-ÑÍ-ãðóïè), ìóëü-

òèïëåòè â ä³àïàçîí³ ≈7,7; 7,5; 7,4 – ïðîòîíè áåíçîëüíîãî ÿäðà êîðè÷íî¿ êèñëîòè. Çà

ðåçóëüòàòàìè îòðèìàíèõ äàíèõ âñòàíîâëåíî, ùî ñèíòåçîâàíà ñïîëóêà º òåòðàõëî-

ðîäè-µ-öèííàìàòîì äèðåí³þ(²²²) öèñ-êîíô³ãóðàö³¿ ç ìîëåêóëàìè àöåòîí³òðèëó ÿê

àêñ³àëüíèìè ë³ãàíäàìè. Áóëè äîñë³äæåí³ àíòèðàäèêàëüí³ âëàñòèâîñò³

cis-Re2(öèííàìàò)2Cl4(CH3CN)2 ó âçàºìîä³¿ ç 1,3,5-òðèôåí³ëâåðäàçèëüíèì ðàäèêà-

ëîì ó ÑH3CN. Áóëî âñòàíîâëåíî, ùî ìàêñèìóì ïîãëèíàííÿ 1,3,5-òðèôåí³ëâåðäà-

çèëüíîãî ðàäèêàëó ïîâí³ñòþ çíèêàº ç³ ñïåêòðàëüíî¿ êàðòèíè ïðîòÿãîì ≈8,1 äîáè.

Ïåð³îä çíèæåííÿ êîíöåíòðàö³¿ ðàäèêàëó â 2 ðàçè ñòàíîâèòü 1,73 äîáè. Ðîçðàõîâà-

íî, ùî àíòèðàäèêàëüíà ä³ÿ êîìïëåêñíî¿ ñïîëóêè äèðåí³þ(²²²) ç êîðè÷íîþ êèñëî-

òîþ ó ≈1,4 ðàçè âèùà, í³æ ³íäèâ³äóàëüíî¿ êîðè÷íî¿ êèñëîòè.

Êëþ÷îâ³ ñëîâà: ðåí³é, êëàñòåð, êîðè÷íà êèñëîòà, ðàäèêàë, ñèíòåç.
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Âñòóï
Íà äàíèé ÷àñ â÷åí³-õ³ì³êè çîñåðåäæåí³ íà

ñòâîðåíí³ íîâèõ áàãàòîôóíêö³îíàëüíèõ êîìïëåêñ³â
ìåòàë³â, åôåêòèâíèõ ïðîòè ðåçèñòåíòíèõ äî öèñ-
ïëàòèíó ðàêîâèõ êë³òèí òà ïåðñïåêòèâíèõ äëÿ
ôîòîäèíàì³÷íî¿ òåðàï³¿. Ñïîñòåð³ãàºòüñÿ ïåâíèé
ïðîãðåñ ó ñèíòåç³ ñïîëóê, ùî ïðîÿâëÿþòü âèá³ð-
êîâó öèòîòîêñè÷í³ñòü òà ìåíøó òîêñè÷í³ñòü ïî

â³äíîøåííþ äî çäîðîâèõ êë³òèí. Îïèñàí³ â [1,2]
êîìïëåêñè Pt, Re, Os(II), Ru(II), Ir(III) âèâ÷àþòü-
ñÿ íå ò³ëüêè ÿê ïîòåíö³éí³ õ³ì³îòåðàïåâòè÷í³ ðå-
÷îâèíè, à ³ ÿê ôîòîñåíñèá³ë³çàòîðè ó ôîòîäè-
íàì³÷í³é òåðàï³¿.

Ó íàøèõ ïîïåðåäí³õ ðîáîòàõ [3,4] áóëà äîâå-
äåíà íàÿâí³ñòü ïðîòèïóõëèííî¿ àêòèâíîñò³
öèñ-òåòðàõëîðîäè-µ-êàðáîêñèëàò³â äèðåí³þ(III) íà
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ìîäåë³ ïóõëèííîãî ðîñòó êàðöèíîìè Ãåðåíà. Âðà-
õîâóþ÷è âèùåîïèñàíå, ñèíòåç íîâèõ êîìïëåêñíèõ
ñïîëóê äèðåí³þ(²²²) ç ë³ãàíäàìè, ùî ìîæóòü âïëè-
íóòè íà ¿õ á³îàêòèâíîñòü ³ ï³äâèùèòè  ôóíêö³-
îíàëüí³ñòü º äîñèòü àêòóàëüíèì çàâäàííÿì õ³ì³ê³â-
ñèíòåòèê³â.

Òàêèì ë³ãàíäîì ìîæå áóòè êîðè÷íà (3-ôåí³ë-
2-ïðîïåíîâà) êèñëîòà, ÿêà ïðèâåðòàº óâàãó äî-
ñë³äíèê³â ÷åðåç íàÿâí³ñòü êîí’þãàö³¿ ì³æ –Ñ=Ñ–
òà π-åëåêòðîííîþ ñèñòåìîþ, îñê³ëüêè êàðáîêñèëüíà
ãðóïà â³ää³ëåíà â³ä àðîìàòè÷íîãî ê³ëüöÿ ïîäâ³éíèì
çâ’ÿçêîì [5], çàâäÿêè ÷îìó öÿ ðå÷îâèíà ìîæå ïðî-
ÿâëÿòè àíòèðàäèêàëüí³ (àíòèîêñèäàíòí³) òà ïðî-
òèïóõëèíí³ âëàñòèâîñò³, ùî é ïîêàçàíî àâòîðàìè
[6–8].

ßê â³äîìî [9], á³ëüø³ñòü ïàòîëîã³÷íèõ ïðî-
öåñ³â ó æèâèõ îðãàí³çìàõ, íàïðèêëàä, îíêîëîã³÷í³,
ñåðöåâî-ñóäèíí³ òîùî ñóïðîâîäæóþòüñÿ íåêîí-
òðîëüîâàíèì çá³ëüøåííÿì ê³ëüêîñò³ àêòèâíèõ
â³ëüíèõ ðàäèêàë³â, ùî ïîðóøóº áóäîâó ³ á³îô³-
çè÷íèõ âëàñòèâîñòåé âíóòð³øíüîêë³òèííèõ ñòðóê-
òóð.

Òîìó âèá³ð êîðè÷íî¿ êèñëîòè ÿê ë³ãàíäó äëÿ
ñèíòåçó ö³ëüîâîãî ïðîäóêòó º äîö³ëüíèì. Á³ëüø
òîãî, àâòîðàìè [10] ïîêàçàëè, ùî ìîëåêóëà êî-
ðè÷íî¿ êèñëîòè çàâäÿêè ñâî¿é áóäîâ³ ìàº ïîòåí-
ö³éíèé òåðàïåâòè÷íèé åôåêò ïðè ë³êóâàíí³ ðàêó.

Ìàòåð³àëè ³ ìåòîäè
Ìàòåð³àëè
Ðîç÷èííèêè CH3CN, (CH3)2CO, åòèëàöåòàò,

ÄÌÑÎ, ÄÌÔÀ, ²ÏÑ, ìåòàíîë, åòàíîë, äèõëîðìå-
òàí, 1,2-äèõëîðåòàí, ä³åòèëîâèé åòåð, Ñ6H6, CCl4,
ïåòðîëåéíèé åòåð, öèêëîãåêñàí âèêîðèñòàëè ó êâà-
ë³ô³êàö³¿ «÷äà».

Êîðè÷íà êèñëîòà (3-ôåí³ë-2-ïðîïåíîâà
êèñëîòà, cinnamic acid, ÑÀ) (Ìåðê) (ðèñ. 1) âèêî-
ðèñòàëè ó êâàë³ô³êàö³¿ «õ÷».

Òåòðà-í-áóòèëàìîí³é îêòàõëîðîäèðåíàò(²²²)
(NBu4)2Re2Cl8 ñèíòåçóâàëè çà ìåòîäèêîþ [3] òà
âèêîðèñòàëè ÿê âèõ³äíó ñïîëóêó, ùî ì³ñòèòü
êëàñòåðíèé ôðàãìåíò Re2

6+ ç ïî÷âåðíèì çâ’ÿçêîì

ðåí³é–ðåí³é.
ßê ìîäåëüíèé øòó÷íèé ðàäèêàë âèêîðèñòî-

âóâàëè 1,3,5-òðèôåí³ëâåðäàçèë (TPV), ñèíòåçîâà-
íèé çà ìîäåðí³çîâàíîþ ìåòîäèêîþ [11].

Ìåòîäè äîñë³äæåííÿ
²äåíòèô³êàö³þ ñèíòåçîâàíèõ êîìïëåêñíèõ

ñïîëóê äèðåí³þ(²²²) ïðîâîäèëè çà äîïîìîãîþ
åëåêòðîííî¿ àáñîðáö³éíî¿ UV-Vis, ²×- òà
ÏÌÐ- ñïåêòðîñêîï³é. Åëåêòðîíí³ ñïåêòðè ïîãëè-
íàííÿ UV-Vis ðåºñòðóâàëè çà äîïîìîãîþ
ñïåêòðîôîòîìåòðà Shanghai Xiwen Biotech
UV-5800PC ó ä³àïàçîí³ 200–800 íì. ²×-ñïåêòðè
ðåºñòðóâàëè â ä³àïàçîí³ 4000–400 ñì–1 çà äîïîìî-
ãîþ Ôóð’º-ñïåêòðîìåòðà ÔÑÌ 1201 â òàáëåòêàõ
KBr.

Ñïåêòðè ÿäåðíî-ìàãí³òíîãî ðåçîíàíñó íà 1Í
ðåºñòðóâàëè íà ïðèëàä³ Varian VXR-400 ó äåéòå-
ðîâàíîìó ÄÌÑÎ-d6.

Ðîçðàõóíêè ÷àñòêè ïðîðåàãîâàíîãî ðàäèêàëà
(α(TPV·)) òà óòâîðåíîãî ï³ä ÷àñ ðåàêö³¿ êàò³îíà
(α(TPV+)) âèêîíóâàëè çà ôîðìóëàìè, íàâåäåíèìè
íèæ÷å çã³äíî ç [12]:
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τ) – ïîãëèíàííÿ äîñë³äæó-
âàíîãî ðîç÷èíó ïðè 720 íì â ïî÷àòêîâèé ìîìåíò
÷àñó ³ â ÷àñ τ, â³äïîâ³äíî; À(TPV+) – ïîãëèíàííÿ
öüîãî æ ðîç÷èíó ïðè 550 íì â ÷àñ τ; ε(TPV·),
ε(TPV+) – êîåô³ö³ºíòè ìîëÿðíîãî ïîãëèíàííÿ
ðàäèêàëà ³ êàò³îíà, â³äïîâ³äíî. Ïðè ðîçðàõóíêàõ
α(TPV+) òà α(TPV·) âðàõîâóâàëè âêëàä ó âåëè÷è-
íó À(TPV·) òà À(TPV+) ïîãëèíàííÿ êîìïëåêñ³â
ïðè âèêîðèñòàíèõ êîíöåíòðàö³ÿõ.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Äëÿ ðîçðîáêè ìåòîäèêè ñèíòåçó êîìïëåêñ-

íî¿ ñïîëóêè äèðåí³þ(²²²) áóëè ï³ä³áðàí³ íàñòóïí³
óìîâè: ÿê ñåðåäîâèùå ðåàêö³¿, ñåðåä íèçêè ðîç-
÷èííèê³â, â ÿêèõ ðîç÷èíÿºòüñÿ ÑÀ çà ê³ìíàòíî¿
òåìïåðàòóðè: ïîëÿðíèõ åëåêòðîííîäîíîðíèõ
(CH3CN, (CH3)2CO, åòèëàöåòàò, (CH3)2SO, äèìå-
òèëôîðìàì³ä; ñïèðòè ³-C3H7OH, CH3OH, C2H5OH)
òà ïîëÿðíèõ íåäîíîðíèõ (äèõëîðìåòàí, 1,2-äè-
õëîðåòàí, äèåòèëîâèé åòåð, C6H6, CCl4), áóëî îá-
ðàíî àöåòîí³òðèë.

Äëÿ ñèíòåçó ö³ëüîâî¿ ðå÷îâèíè ñïî÷àòêó íà-
âàæêó êîðè÷íî¿ êèñëîòè CA (0,387 ã, 2,61 ììîëü)
ðîç÷èíèëè ó 40 ìë àöåòîí³òðèëó. Ï³ñëÿ ïîâíîãî
ðîç÷èíåííÿ êèñëîòè, ó ðåàêö³éíèé ðîç÷èí äîäàëè

Ðèñ. 1. Ãðàô³÷íà ôîðìóëà êîðè÷íî¿ êèñëîòè
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íàâàæêó (NBu4)2Re2Cl8 ìàñîþ 0,3 ã (0,26 ììîëü) ³
ïåðåì³øóâàëè â ³íåðòí³é àòìîñôåð³ çà ê³ìíàòíî¿
òåìïåðàòóðè. Íà ïåðøîìó åòàï³, ïåðåì³øóâàííÿ
ïðîâîäèëè ïðîòÿãîì 25 ãîä äî íàáóòòÿ ðåàêö³é-
íèì ðîç÷èíîì çåëåíîãî êîëüîðó. Ó âèäèì³é ä³ëÿíö³
ÅÑÏ ðåàêö³éíîãî ðîç÷èíó ñïîñòåð³ãàëèñÿ: ìàêñè-
ìóì ïîãëèíàííÿ ïðè ≈680 íì, ùî â³äïîâ³äàº
ïîãëèíàííþ âèõ³äíîãî (NBu4)2Re2Cl8 (ðèñ. 2,
êðèâà 1) òà íèçüêî³íòåíñèâíèé ï³ê ïðè 486 íì.

Ï³ñëÿ ê³ëüêîõ ïîâòîðíèõ ïåðåêðèñòàë³çàö³é
ó CH3CN ó ñïåêòðàëüí³é êàðòèí³ ðåàêö³éíîãî
ðîç÷èíó (ðèñ. 2) ñïîñòåð³ãàëèñü íàñòóïí³ çì³íè: ó
VIS ä³ëÿíö³ ÅÑÏ îñíîâíèé ìàêñèìóì ïîãëèíàí-
íÿ ïðè 694 íì ç ïëå÷åì ïðè 660 íì ïîñòóïîâî
ïîâí³ñòþ çíèêàº, çàì³ñòü íüîãî íà ö³é ä³ëÿíö³
ÅÑÏ ç’ÿâëÿºòüñÿ ï³ê ïðè 628 íì. Ìàêñèìóìó
ïîãëèíàííÿ ïðè 428 íì ã³ïñîõðîìíî çì³ùóºòüñÿ
äî ≈460 íì ç îäíî÷àñíèì çðîñòàííÿì éîãî ³íòåí-
ñèâíîñò³. Òàêà çì³íà ÅÑÏ ñâ³ä÷èòü ïðî ïðîõîä-
æåííÿ ðåàêö³¿ ì³æ êëàñòåðíèì ôðàãìåíòîì Re2

6+

òà ìîëåêóëàìè êîðè÷íî¿ êèñëîòè ³ óòâîðåííÿ
öèñ-òåòðàõëîðîäè-µ-öèííàìàòó äèðåí³þ(²²²).

Ïðîòÿãîì ïðîâåäåííÿ åòàï³â ðîç÷èíåííÿ-âè-
ïàðîâóâàííÿ CH3CN â UV-ñïåêòðàõ ðåàêö³éíîãî
ðîç÷èíó ñïîñòåð³ãàºòüñÿ íèçêà ìàêñèìóì³â ïîãëè-
íàííÿ, ÿê³ ç ÷àñîì íå çì³íþþòü ðîçòàøóâàííÿ òà
³íòåíñèâí³ñòü ³ â³äíîñÿòüñÿ äî åëåêòðîííèõ ïåðå-
õîä³â ó ìîëåêóë³ êîðè÷íî¿ êèñëîòè [13].

Î÷èùåííÿ îäåðæàíîãî ïðîäóêòó â³ä âèõ³ä-
íèõ ðå÷îâèí, ÿê³ ìîæëèâî íå ïðîðåàãóâàëè, ïðî-
âîäèëè íàñòóïíèì ÷èíîì: ïåðåêðèñòàë³çàö³ÿ â ³çî-
ïðîï³ëîâîìó ñïèðò³ äëÿ î÷èùåííÿ â³ä
(NBu4)2Re2Cl8, êîðè÷íó êèñëîòó ðîç÷èíÿëè ó äè-
åòèëîâîìó åòåð³ àáî CCl4. Î÷èùåíèé ïðîäóêò çáå-
ð³ãàëè ó åêñèêàòîð³, ùîá çàïîá³ãòè ðóéíóâàííþ
êîìïëåêñó.

Îäåðæàíà êîìïëåêñíà ñïîëóêà äèðåí³þ(²²²)
ðîç÷èííà ó CH3CN, àöåòîí³, àë³ôàòè÷íèõ
ñïèðòàõ, äèõëîðìåòàí³, äèõëîðåòàí³. Íåðîç÷èííà
ó ä³åòèëîâîìó åòåð³, ÑÑl4, H2O. Â ÅÑÏ ðîç÷èíó
ö³ëüîâî¿ ñïîëóêè ñïîñòåð³ãàºòüñÿ ìàêñèìóì     ïî-
ãëèíàííÿ ïðè 630 íì (15875 ñì–1), ÿêèé â³äíî-
ñèòüñÿ äî δ→δ*-åëåêòðîííîãî ïåðåõîäó ìåòàë–ìå-
òàë äëÿ õëîðèäíèõ öèñ-äè-µ-êàðáîêñèëàò³â äèðå-
í³þ(²²²) òà ìàêñèìóì ïîãëèíàííÿ ïðè 480 íì, ùî,
éìîâ³ðí³øå, â³äíîñèòüñÿ äî ïåðåõîäó ç ïåðåíå-
ñåííÿì çàðÿäó Lπ

Hal→Ì òèïó [14], îñê³ëüêè ó ÅÑÏ
â³ëüíî¿ êîðè÷íî¿ êèñëîòè íàÿâíèé õàðàêòåðèñòè÷-
íèé    ìàêñèìóì ïîãëèíàííÿ ïðè 260 íì.

Â ²×-ñïåêòð³ íàÿâíà õàðàêòåðèñòè÷íà ñìóãà
ïðè 1419 ñì–1 – ºäèíà ³íòåíñèâíà ñìóãà êîëèâàí-
íÿ, ùî â³äïîâ³äàº âàëåíòíîìó êîëèâàííþ êîîð-
äèíîâàíî¿ êàðáîêñèëàòíî¿ ãðóïè. ²íø³ ñìóãè â
ä³àïàçîí³ 2930–3100 ñì–1 – öå âàëåíòí³ êîëèâàí-
íÿ ãðóï ÑÍ áåíçîëüíîãî ÿäðà ³ àëê³ëüíîãî ëàí-
öþãà êèñëîòè [5]. Ó ÏÌÐ-ñïåêòð³ â ÄÌÑÎ-d6

íàÿâí³ ñèãíàëè ïðè 7,8 ì.ä. (ïðîòîí ïðè
Ñ=Ñ-ãðóï³), ìàëî³íòåíñèâíèé ñèãíàë ïðè 6,5 ì.ä.
(ïðîòîí α-ÑÍ-ãðóïè). Ãðóïà ìóëüòèïëåò³â â
ä³àïàçîí³ ≈7,7; 7,5 ³ 7,4 – ïðîòîíè áåíçîëüíîãî
ÿäðà êîðè÷íî¿ êèñëîòè [15]. Â³äì³òèìî, ùî â ÏÌÐ-
ñïåêòð³ â³äñóòí³é ñèãíàë ïðîòîíó ÎÍ-ãðóïè
â³ëüíî¿ êàðáîêñèëüíî¿ êèñëîòè, ùî ñâ³ä÷èòü ïðî
íàÿâí³ñòü ó ñêëàä³ îäåðæàíî¿ êîìïëåêñíî¿ ñïîëó-
êè ëèøå êîîðäèíîâàíèõ êàðáîêñèëüíèõ çàëèøê³â
[16].

Îòæå, ðåçóëüòàòè ô³çèêî-õ³ì³÷íèõ ìåòîä³â
ï³äòâåðäæóþòü óòâîðåííÿ íîâî¿ êîìïëåêñíî¿ ñïî-
ëóêè äèðåí³þ(²²²) òåòðàõëîðîäè-µ-êàðáîêñèëàòó ç
öèñ-ðîçòàøóâàííÿì ìîëåêóë êîðè÷íî¿ êèñëîòè.

Àíòèðàäèêàëüí³ âëàñòèâîñò³
cis-Re2(CA)2Cl4(CH3CN)2 âèâ÷àëè â ðåàêö³¿ ç
ñòàá³ëüíèì øòó÷íèì 1,3,5-òðèôåí³ëâåðäàçèëüíèì
ðàäèêàëîì (TPV). ßê ñåðåäîâèùå äëÿ ðåàêö³¿ ì³æ
cis-Re2(CA)2Cl4(CH3CN)2 òà TPV âèêîðèñòîâóâàëè
CH3OH (õ.÷.), ùî îáóìîâëåíî ðîç÷èíí³ñòþ
ðåàãóþ÷èõ ñïîëóê. Ðîç÷èí TPV ìàº ÿñêðàâî-çå-
ëåíå çàáàðâëåííÿ (ìàêñèìóì ïîãëèíàííÿ 720 íì),
à ïðè óòâîðåíí³ êàò³îíó TPV+ êîë³ð ðîç÷èíó
çì³íþºòüñÿ íà ô³îëåòîâèé (ìàêñèìóì ïîãëèíàí-
íÿ 550 íì), òîìó âèâ÷åííÿ ïåðåòâîðåíü ó ñèñòåì³
TPV–cis-Re2(CA)2Cl4(CH3CN)2 ìîæíà äîñë³äèòè çà

Ðèñ. 2. ÅÑÏ ðåàêö³éíîãî ðîç÷èíó âçàºìîä³¿ (NBu4)2Re2Cl8

òà  êîðè÷íî¿ êèñëîòè ó CH3CN: 1 – ïî÷àòêîâèé ðîç÷èí;

2 òà 3 – ðîç÷èí ï³ñëÿ ïåðøî¿ ³ äðóãî¿ ïåðåêðèñòàë³çàö³é,

â³äïîâ³äíî; 4 – ê³íöåâèé ðîç÷èí
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äîïîìîãîþ åëåêòðîííî¿ àáñîðáö³éíî¿ ñïåêòðîñêîï³¿.
Âçàºìîä³þ ïðîâîäèëè ì³æ ðîç÷èíàìè TPV

òà cis-Re2(CAs)2Cl4(CH3CN)2 ïðè 2-êðàòíîìó ìîëü-
íîìó íàäëèøêó TPV (ðèñ. 3), ùî îáóìîâëåíî ñõå-
ìîþ ðåàêö³¿ TPV-ðàäèêàëà ç ãàëîãåíêàðáîêñèëà-
òàìè äèðåí³þ(²²²), îïèñàíîþ ó [12]. Ó çàðåºñòðî-
âàí³é ñïåêòðàëüíèé êàðòèí³ ñïîñòåð³ãàºòüñÿ ïî-
ñòóïîâå çíèæåííÿ ìàêñèìóìó ïîãëèíàííÿ ïðè
720 íì (ìàêñèìóì ïîãëèíàííÿ äëÿ TPV-ðàäèêà-
ëà) ³ ïîÿâà òà çá³ëüøåííÿ ³íòåíñèâíîñò³ ïðîòÿãîì
ïåâíîãî ÷àñó ìàêñèìóìó ïîãëèíàííÿ ïðè 550 íì,
ùî â³äïîâ³äàº ïîãëèíàííþ TPV-êàò³îíà. Áóëî
âñòàíîâëåíî, ùî ìàêñèìóì ïîãëèíàííÿ TPV    ïî-
âí³ñòþ çíèêàº ç³ ñïåêòðàëüíî¿ êàðòèíè ïðîòÿãîì
≈8,1 äîáè (11673,25 õâ). Ïåð³îä íàï³âïå-    ðåòâî-
ðåííÿ (òîáòî çíèæåííÿ êîíöåíòðàö³¿ TPV â 2 ðàçè)
ñòàíîâèòü 1,73 äîáè (2491,2 õâ).

Îäíî÷àñíî ç öèì â ÅÑÏ ðåàêö³éíîãî ðîç÷è-
íó ðåºñòðóºòüñÿ ìàêñèìóì ïîãëèíàííÿ TPV+,
³íòåíñèâí³ñòü ÿêîãî çðîñòàº ³ äîñÿãàº íàéâèùîãî
çíà÷åííÿ ïðîòÿãîì ≈1 äîáè (1337,25 õâ). Ï³ñëÿ
öüîãî ó ñïåêòðàëüí³é êàðòèí³ ñïîñòåð³ãàºòüñÿ çìåí-
øåííÿ ³íòåíñèâíîñò³ ìàêñèìóìó ïîãëèíàííÿ
TPV+, ùî, éìîâ³ðíî, ïîâ’ÿçàíî ç ðóéíóâàííÿì
êàò³îíà ï³ä ä³ºþ ìåòàíîëó.

Äëÿ ïîð³âíÿííÿ àíòèðàäèêàëüíî¿ ä³¿
êîìïëåêñíî¿ ñïîëóêè ðåí³þ(²²²) òà ³íäèâ³äóàëüíî¿
êîðè÷íî¿ êèñëîòè äîñë³äæåíî òàêîæ âçàºìîä³þ ì³æ
ðîç÷èíàìè TPV-ðàäèêàëó òà ÑA (ðèñ. 4). Áóëî
âñòàíîâëåíî, ùî â ðåàêö³¿ ç êîðè÷íîþ êèñëîòîþ
ìàêñèìóì ïîãëèíàííÿ TPV· ïîâí³ñòþ çíèêàº ç

ñïåêòðàëüíî¿ êàðòèíè ïðîòÿãîì 14,1 äîáè
(20304 õâ). Ïåð³îä íàï³âïåðåòâîðåííÿ TPV· ñòà-
íîâèòü 2,43 äîáè (3499,2 õâ). Îäíî÷àñíî ç öèì, â
ÅÑÏ ðåàêö³éíîãî ðîç÷èíó ðåºñòðóºòüñÿ ìàêñèìóì
ïîãëèíàííÿ TPV+, ³íòåíñèâí³ñòü ÿêîãî çðîñòàº ³
äîñÿãàº íàéâèùîãî çíà÷åííÿ ïðîòÿãîì 3 ä³á.

Ç ðîçðàõóíê³â çà íàâåäåíèìè âèùå ôîðìó-
ëàì âñòàíîâëåíî, ùî çà ÷àñ âçàºìîä³¿ (11673 õâ)
TPV-ðàäèêàë áóâ âèòðà÷åíèé íà á³ëüøå, í³æ 89%.
Òàêîæ ïîêàçàíî, ùî ÷àñòêà ðàäèêàëà çíèçèëàñÿ íà
50% çà 2200 õâ (36,67 ãîä, 1,53 äîáè). Ó òîé æå
÷àñ, ÷àñòêà êàò³îíà äîñÿãàº ìàêñèìóìó ó 54% çà
8785,58 õâ, ïîò³ì ïî÷èíàºòüñÿ éîãî ðóéíóâàííÿ
(ðèñ. 5).

ßêùî ïîð³âíÿòè ÷àñòêó âèòðàòè TPV-ðàäè-
êàëà ç ÷àñòêîþ óòâîðåííÿ êàò³îíà, òî âñòàíîâëå-
íî, ùî ïðîòÿãîì âçàºìîä³¿ TPV-ðàäèêàëà ç
êîìïëåêñíîþ ñïîëóêîþ äèðåí³þ(²²²) ñïîñòåð³ãàºòü-
ñÿ ïåðåâèùåííÿ âèòðàòè ðàäèêàëà íàä óòâîðåí-
íÿì êàò³îíó, ùî ñâ³ä÷èòü ïðî óòâîðåííÿ ñò³éêîãî
ïðîì³æíîãî êîìïëåêñó «ðå÷îâèíà–ðàäèêàë».
Ë³í³éíà çàëåæí³ñòü (ðèñ. 6), ÿêà ñïîñòåð³ãàºòüñÿ
äëÿ êîîðäèíàò ëîãàðèôì êîíöåíòðàö³¿ TPV· – ÷àñ,
âêàçóº íà òå, ùî ïðîöåñ çíåøêîäæåííÿ TPV-ðà-
äèêàëà ï³äïîðÿäêîâóºòüñÿ ïåðøîìó ïîðÿäêó
ðåàêö³¿. Îòðèìàíà ïðÿìà ñêëàäàºòüñÿ ç ê³ëüêîõ
ä³ëÿíîê, ùî ñâ³ä÷èòü ïðî áàãàòîñòàä³éí³ñòü
âçàºìîä³¿ cis-Re2(CA)2Cl4(CH3CN)2 ç TPV·.

Âèñíîâêè

Áóëî ñèíòåçîâàíî êîìïëåêñíó ñïîëóêó äèðå-
í³þ(²²²) ç êîðè÷íîþ êèñëîòîþ. Çà äîïîìîãîþ ô³çè-
êî-õ³ì³÷íèõ ìåòîä³â àíàë³çó âñòàíîâëåíî ¿¿ áóäî-
âó, ÿêà º òåòðàõëîðîäè-µ-öèííàìàòîì äèðåí³þ(²²²)
öèñ-êîíô³ãóðàö³¿ ç ìîëåêóëàìè àöåòîí³òðèëó ÿê
àêñ³àëüíèìè ë³ãàíäàìè. Äîñë³äæåíî àíòèðàäèêàëüí³
âëàñòèâîñò³ cis-Re2(CA)2Cl4(CH3CN)2 íà ïðèêëàä³
âçàºìîä³¿ ç³ ñòàá³ëüíèì øòó÷íèì ðàäèêàëîì

Ðèñ. 4. ÅÑÏ ðîç÷èíó CA (Ñ0=3,2⋅10–4 ìîëü/ë) ç TPV·

(Ñ0=6,4⋅10–4 ìîëü/ë)

Ðèñ. 3. Âçàºìîä³ÿ cis-Re2(CA)2Cl4(CH3CN)2

(C0=3,2⋅10–4 ìîëü/ë) ç TPV-ðàäèêàëîì

(C0=6,4⋅10–4 ìîëü/ë) ó CH3OH
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âåðäàçèëüíî¿ ãðóïè. Âñòàíîâëåíî, ùî ïîä³áíî äî
ñïîëóêè äèðåí³þ(²²²) ç ôåðóëîâî¿ êèñëîòîþ,
ïðèºäíàííÿ ìîëåêóë êîðè÷íî¿ êèñëîòè äî Re2

6+

ï³äâèùóº àíòèðàäèêàëüíó ä³þ êîìïëåêñíî¿ ñïî-
ëóêè, ó ïîð³âíÿíí³ ç ³íäèâ³äóàëüíîþ êîðè÷íîþ
êèñëîòîþ ó 1,4 ðàçè.
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RHENIUM(III) COMPOUND WITH CINNAMIC ACID
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Dnipro, Ukraine
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A synthetic method has been developed for the preparation
and isolation of a dirhenium(III) complex with cinnamic acid in
solid form. Optimal synthesis conditions were established: the
molar ratio of the starting materials, (NBu4)2Re2Cl8 and cinnamic
acid, was 1:5, and the reaction was carried out in an organic
medium (CH3CN) under an inert atmosphere at room
temperature. The structure and properties of the obtained complex
were investigated using physicochemical analysis methods, including
electronic absorption spectroscopy (EAS), infrared (IR)
spectroscopy, and proton magnetic resonance (PMR) spectroscopy.
The EAS spectrum of the target compound in solution displayed
an absorption maximum at 630 nm, corresponding to the δ→δ*

metal-metal electronic transition characteristic of dirhenium(III)
chloride cis-di-µ-carboxylates. The IR spectrum exhibited a
characteristic intense vibrational band at 1419 cm–1, corresponding
to the stretching vibrations of the coordinated carboxylate group.
Additional absorption bands in the range of 2930–3100 cm–1

were attributed to the stretching vibrations of CH groups in the
benzene ring and the alkyl chain of cinnamic acid. In the PMR
spectrum recorded in DMSO-d6, a signal at 7.8 ppm was assigned
to the proton of the C=C group, while a low-intensity signal at
6.5 ppm corresponded to the α-CH proton. Multiplets at
approximately 7.7, 7.5, and 7.4 ppm were attributed to the
aromatic protons of the cinnamic acid moiety. Based on these
data, the resulting compound was identified as dirhenium(III)
tetrachlorodi-m-cinnamate of cis configuration with acetonitrile
molecules as axial ligands. The antiradical properties of
Re2(cinnamate)2Cl4(CH3CN)2 in CH3CN were studied via its
interaction with the 1,3,5-triphenylverdazyl radical. The
characteristic absorption band of the 1,3,5-triphenylverdazyl radical
disappeared completely from the spectral pattern within
approximately 8.1 days. The antiradical activity of the

dirhenium(III) complex compound with cinnamic acid was found
to be about 1.4 times higher than that of free cinnamic acid.

Keywords: rhenium; cluster; cinnamic acid; radical;
synthesis.
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