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Ìîäèô³êîâàíî ðàí³øå ðîçðîáëåí³ ìåòîäèêè ñèíòåçó öèñ-òåòðàõëîðîäè-m-êàðáîê-

ñèëàò³â äèðåí³þ(²²²), çàâäÿêè ÷îìó âïåðøå îäåðæàí³ ïîõ³äí³ Re2
6+ ç ïðîòå¿íîãåííè-

ìè àì³íîêèñëîòàìè (ÀÊ) ³çîëåéöèíîì, ñåðèíîì òà ïðîë³íîì. Çà äîïîìîãîþ åëå-

ìåíòíîãî àíàë³çó, åëåêòðîííî¿ àäñîðáö³éíî¿ òà ²×-ñïåêòðîñêîï³¿ áóëî ï³äòâåðäæå-

íî ñêëàä òà áóäîâó öèõ ðå÷îâèí ³ç çàãàëüíîþ ôîðìóëîþ öèñ-

[Re2(ÀÊ)2Cl4(CH3CN)2]Cl2. Àíàë³ç åëåêòðîííèõ ñïåêòð³â ïîãëèíàííÿ ðîç÷èí³â îäåð-

æàíèõ ñïîëóê ïîêàçàâ íàÿâí³ñòü õàðàêòåðèñòè÷íîãî ï³êó, ÿêèé â³äïîâ³äàº *-

åëåêòðîííîìó ïåðåõîäó ïî÷âåðíîãî çâ’ÿçêó Re–Re äëÿ ñïîëóê ç öèñ-ðîçòàøóâàí-

íÿì äâîõ ì³ñòî÷êîâî êîîðäèíîâàíèõ êàðáîêñèëàòíèõ ãðóï ó ë³ãàíäíîìó îòî÷åíí³

êëàñòåðó Re2
6+. Íà ²×-ñïåêòð³ ïðèñóòíÿ ³íòåíñèâíà, ñëàáî ðîçùåïëåíà ñìóãà â ä³-

àïàçîí³ 1466–1458 ñì–1, ÿêó â³äíîñÿòü äî s(CO) êîîðäèíîâàíî¿ êàðáîêñèëüíî¿ ãðó-

ïè, ùî ñâ³ä÷èòü ïðî ¿¿ ì³ñòî÷êîâó êîîðäèíàö³þ äî á³ÿäåðíîãî ôðàãìåíòó Re2
6+.

Ïîêàçàíà íàÿâí³ñòü ñìóã âàëåíòíèõ (NH3
+) ³ äåôîðìàö³éíèõ êîëèâàíü (NH3

+)

ïðîòîíîâàíèõ àì³íîãðóï ó êîìïëåêñíèõ ñïîëóêàõ ³çîëåéöèíó òà ñåðèíó òà ïðè-

ñóòí³ñòü ñìóã âàëåíòíèõ (NH2
+) ³ äåôîðìàö³éíèõ êîëèâàíü (NH2

+) ïðîòîíîâàíèõ

³ì³íîãðóï ïðîë³íó. Çä³éñíåíî âèçíà÷åííÿ ñòàá³ëüíîñò³ îäåðæàíèõ êîìïëåêñíèõ ñïî-

ëóê ó âîäíèõ ðîç÷èíàõ. Ïîêàçàíî, ùî ã³äðîë³ç ñèíòåçîâàíèõ ðå÷îâèí ïðîõîäèòü

ïðîòÿãîì 9–14 ä³á ³ç çìåíøåííÿì pH ðåàêö³éíîãî ðîç÷èíó çà ðàõóíîê ïîñòóïîâîãî

çàì³ùåííÿ ëàá³ëüíèõ õëîðèäíèõ ë³ãàíä³â íà ÎÍ–-ãðóïè íà ïåðøèõ åòàïàõ âçàºìîä³¿

ç âîäîþ. Âèçíà÷åíà ñò³éê³ñòü äî ã³äðîë³çó º âàæëèâèì ïàðàìåòðîì äëÿ á³îëîã³÷íî

àêòèâíèõ ðå÷îâèí, ùî äîçâîëèòü ðîçøèðèòè óÿâëåííÿ ïðî ìîæëèâ³ ìåõàí³çìè ¿õ

ñïåöèô³÷íî¿ á³îëîã³÷íî¿ àêòèâíîñò³.

Êëþ÷îâ³ ñëîâà: ïî÷âåðíèé çâ’ÿçîê, êëàñòåðí³ ñïîëóêè, ðåí³é, ïðîòå¿íîãåíí³ àì³íî-

êèñëîòè, ³çîëåéöèí, ïðîë³í, ñåðèí.
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Âñòóï

Ðåçóëüòàòè ïîïåðåäí³õ äîñë³äæåíü [1] äîç-
âîëÿþòü çðîáèòè âèñíîâîê ïðî òå, ùî îäí³ºþ ³ç
îñíîâíèõ ïðè÷èí íàÿâíîñò³ ïîòóæíî¿ á³îëîã³-
÷íî¿ ä³¿, à ñàìå àíòèðàêîâî¿, öèòîñòàá³ë³çóþ÷î¿,
ãåïàòîïðîòåêòîðíî¿, º êîîðäèíàö³ÿ äî êîìïëåê-
ñíèõ ñïîëóê Re(²²²) ïðîòå¿íîãåííèõ àì³íîêèñ-
ëîò, ÿê³ º ñêëàäîâèìè ÷àñòèíàìè á³îìîëåêóë
(á³ëê³â òà ïåïòèä³â). Äëÿ ïðîãíîçóâàííÿ ìåõàí³ç-
ìó âçàºìîä³¿ ïîõ³äíèõ Re2

6+ ç á³îëîã³÷íèìè ìàê-
ðîìîëåêóëàìè ó æèâèõ îðãàí³çìàõ àêòóàëüíèì º
âñòàíîâëåííÿ ìîæëèâîñò³ âçàºìîä³¿ ïîõ³äíèõ
Re2

6+ ç àì³íîêèñëîòàìè ð³çíî¿ áóäîâè. Ñàìå òîìó,
ó äàí³é ðîáîò³ íàäàíî äîñë³äæåííÿ ïðîöåñó êîì-
ïëåêñîóòâîðåííÿ êëàñòåðíèõ ñïîëóê ðåí³þ(²²²)

ç ³çîëåéöèíîì, ñåðèíîì ³ ïðîë³íîì, ÿê³ ìàþòü
çíà÷íó á³îëîã³÷íó àêòèâí³ñòü [2]. Íàïðèêëàä, ³çî-
ëåéöèí, çàâäÿêè ñâî¿é ðîçãàëóæåí³é ñòðóêòóð³
áåðå ó÷àñòü â åíåðãåòè÷íîìó îáì³í³, ùî ïðîò³êàº
ó æèâîìó îðãàí³çì³ òà óòâîðåíí³ á³ëêîâèõ ìîëå-
êóë. Ñåðèí ñòèìóëþº ôóíêö³¿ ïàì’ÿò³ òà çì³öíþº
³ìóííó ñèñòåìó [2]. Ïðîë³í âèêîðèñòîâóºòüñÿ ÿê
êàòàë³çàòîð àáî ìîæå ñïðèÿòè ïîÿâ³ íîâèõ êî-
ðèñíèõ âëàñòèâîñòåé ó îäåðæàíèõ ñïîëóêàõ çà
éîãî ó÷àñò³ [3]. Âðàõîâóþ÷è ô³ç³îëîã³÷í³ âëàñòè-
âîñò³ öèõ àì³íîêèñëîò òà âñòàíîâëåíèé ðàí³øå
ìåõàí³çì á³îëîã³÷íî¿ àêòèâíîñò³ êëàñòåðó
ðåí³þ(III) [1] ìîæíà ñïðîãíîçóâàòè ¿õ ñèíåðã³-
÷íó ä³þ. Âèçíà÷åííÿ ñòàá³ëüíîñò³ êîìïëåêñíèõ
ñïîëóê ðåí³þ(III) ç òàêèìè ë³ãàíäàìè ó âîäíèõ
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ðîç÷èíàõ º âàæëèâèì ïàðàìåòðîì äëÿ á³îëîã³÷-
íî àêòèâíèõ ðå÷îâèí, ùî äîçâîëèòü ðîçøèðèòè
óÿâëåííÿ ïðî ìîæëèâ³ ìåõàí³çìè ¿õ ñïåöèô³÷-
íî¿ á³îëîã³÷íî¿ àêòèâíîñò³.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Äëÿ ñèíòåçó êîìïëåêñíèõ ñïîëóê äèðå-
í³þ(²²²) ç ³çîëåéöèíîì, ïðîë³íîì òà ñåðèíîì ÿê
âèõ³äí³ ñïîëóêè âèêîðèñòîâóâàëè (NBu4)2Re2Cl8,
ñèíòåçîâàíèé çà ìåòîäèêîþ [4]. ²çîëåéöèí (2-
àì³íî-3-ìåòèëïåíòàíîâà êèñëîòà, 2-àì³íî-3-ìå-
òèë-âàëåð³àíîâà êèñëîòà, Ile), ñåðèí (2-àì³íî-3-
ã³äðîêñ³ïðîï³îíîâàÿ êèñëîòà, -ã³äðîêñ³àëàí³í,
Ser) ³ ïðîë³í (ï³ðîë³äèí--êàðáîíîâà êèñëîòà,
Pro) òà ðîç÷èííèêè – àöåòîí³òðèë, àöåòîí, ²ÏÑ,
åòèëàöåòàò, ÍCl êâàë³ô³êàö³¿ «÷.ä.à.» çàñòîñîâó-
âàëè áåç äîäàòêîâîãî î÷èùåííÿ.

Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ (ÅÑÏ) ó
ä³àïàçîí³ 25000–8500 ñì–1 äîñë³äæóâàëè íà ñïåê-
òðîôîòîìåòð³ Specord M-40. ²×-ñïåêòðè çí³ìà-
ëè ó ä³àïàçîí³ 4000–400 ñì–1 ó òàáëåòêàõ KBr íà
Ôóð’º-ñïåêòðîìåòð³ ÔÑÌ 1201. Åëåìåíòíèé
àíàë³ç íà ðåí³é òà õëîð ïðîâîäèëè çà ñòàíäàðò-
íèìè ìåòîäèêàìè [5,6]. Çì³íó ðÍ ðåàêö³éíîãî
ðîç÷èíó âèâ÷àëè íà pH-ìåòð³-ì³ë³âîëüòìåòð³
pH-150 ÌÀ ïðè ô³êñîâàí³é òåìïåðàòóð³ 200Ñ ó
ô³ç³îëîã³÷íîìó ðîç÷èí³.

Ðàí³øå [7] ìè âñòàíîâèëè ìîæëèâ³ñòü
ì³ñòêîâî¿ êîîðäèíàö³¿ ïðîòå¿íîãåííèõ àì³íîêèñ-
ëîò ÷åðåç êàðáîêñèëüíó ãðóïó äî á³ÿäåðíîãî
ôðàãìåíòó Re2

6+, àëå, âðàõîâóþ÷è ð³çíó ðîç-
÷èíí³ñòü, áóäîâó òà îñíîâí³ñòü àì³íîêèñëîò,
îïèñàí³ â ðîáîò³ [4], ìåòîäèêè ïîâèíí³ áóòè
ìîäèô³êîâàí³ äëÿ òîãî, ùîá ìàêñèìàëüíî ðîç-
÷èíèòè âèõ³äí³ àì³íîêèñëîòè ³ ïðè öüîìó óíèê-
íóòè ã³äðîë³çó ö³ëüîâèõ ïðîäóêò³â ðåàêö³¿.

Íàïðèêëàä, âçàºìîä³ÿ (NBu4)2Re2Cl8 ç ñå-
ðèíîì òà ³çîëåéöèíîì ïðîâîäèëàñü ó ñóì³ø³
àöåòîí³òðèëó òà àöåòîíó ç ìîæëèâ³ñòþ äîäàòêî-
âîãî äîäàâàííÿ âîäè, ÿêà ïîêðàùóº ðîç÷èíí³ñòü
âèêîðèñòàíèõ àì³íîêèñëîò òà íå ïðèçâîäèòü äî
ã³äðîë³çóº êîìïëåêñíèõ ñïîëóê ðåí³þ(²²²). Âçà-
ºìîä³þ (NBu4)2Re2Cl8 ç ïðîë³íîì âèêîíóâàëè ïðè
äîäàâàíí³ õëîðèäíî¿ êèñëîòè, ùî ïîâ’ÿçàíî ç âè-
ñîêîþ îñíîâí³ñòü ïðîë³íó, ùî ñïðè÷èíÿº ðóé-
íóâàííÿ êëàñòåðíîãî ôðàãìåíòó ðåí³é-ðåí³é.
Êð³ì òîãî, íà â³äì³íó â³ä ðàí³øå îäåðæàíèõ ñïî-
ëóê [4], îäåðæàí³ ö³ëüîâ³ êîìïëåêñí³ ñïîëóêè
ïðîìèâàëè íå åòèëàöåòàòîì (÷åðåç ¿õ íèçüêó ðîç-
÷èíí³ñòü ó öüîìó ðîç÷èííèêó) à ñóì³øøþ åòè-
ëàöåòàòó òà ³çîïðîï³ëîâîãî ñïèðòó äëÿ â³äìè-
âàííÿ â³ä íàäëèøêó ë³ãàíäà, à òàêîæ íåïðîðå-
àãîâàíîãî (NBu4)2Re2Cl8.

Ñèíòåç á³ñ-àöåòîí³òðèë-öèñ-òåòðàõëîðîäè-
-³çîëåéöèíàòîäèðåí³é(III) õëîðèäó öèñ-

[Re2(Ile)2Cl4(CH3CN)2]Cl2 (I) ñêëàäàºòüñÿ ç äâîõ
ñòàä³é. Íà ïåðø³é ñòàä³¿ 0,23 ã (1,75 ììîëü) ³çî-
ëåéöèíó ðîç÷èíÿëè â àöåòîí³ (20 ìë) òà äîäàâà-
ëè ïàðó êðàïåëü õëîðèäíî¿ êèñëîòè (0,01 ìë),
äàë³ ïåðåì³øóâàëè çà òåìïåðàòóðè 500C ïðîòÿ-
ãîì ãîäèíè íà ìàãí³òí³é ì³øàëö³. Ïîò³ì äîëè-
âàëè îêðåìî ðîç÷èíåíèé â àöåòîí³òðèë³ (10 ìë)
0,2 ã (0,175 ììîëü) (NBu4)2Re2Cl8. Íà äðóã³é ñòàä³¿
ñèíòåçó îòðèìàíó ðåàêö³éíó ñóì³ø ïåðåì³øóâà-
ëè â ³íåðòí³é àòìîñôåð³, ç³ çâîðîòí³ì õîëîäèëü-
íèêîì, ïðîòÿãîì 30 ãîä çà òåìïåðàòóðè 750C,
ïîñòóïîâî äîäàþ÷è ÷åðåç êîæí³ 4 ãîä ïî îäí³é
êðàïëèí³ âîäè, ùî äîçâîëÿº ïîâí³ñòþ ðîç÷èíè-
òè ³çîëåéöèí òà óíèêíóòè ã³äðîë³çó ö³ëüîâèõ
ïðîäóêò³â ðåàêö³¿. Îòðèìàíó ï³ñëÿ âèïàðîâóâàííÿ
ðîç÷èííèê³â ðå÷îâèíó ïåðåêðèñòàë³çîâóâàëè ó
ñóì³ø³ åòèëàöåòàòó òà ³çîïðîï³ëîâîãî ñïèðòó (3:1)
äëÿ âèäàëåííÿ íàäëèøêó àì³íîêèñëîòè. Âèõ³ä
ö³ëüîâîãî ïðîäóêòó ñêëàâ 62%. UV-Vis (CH3CN)
(, ñì–1): 16130; , ë/(ìîëüñì): 428; ²× (KBr) (,
ñì–1): 3230, 2969, 2878, 1546, 1463, 1386, 1221,
1032, 868, 731, 676.

Ñèíòåç á³ñ-àöåòîí³òðèë-öèñ-òåòðàõëîðîäè-
-ñåðèíàòîäèðåí³é(III) õëîðèäó öèñ-
[Re2(Ser)2Cl4(CH3CN)2]Cl2 (II) ïðîâîäèëè àíàëî-
ã³÷íî ìåòîäèö³ îäåðæàííÿ ñïîëóêè ², àëå, íà
â³äì³íó â³ä ïîïåðåäíüî¿ ìåòîäèêè, íà äðóã³é ñòàä³¿
ñèíòåçó îäåðæàíó ðåàêö³éíó ñóì³ø ïåðåì³øóâà-
ëè çà òåìïåðàòóðè 40–600C ïðîòÿãîì 25 ãîä.
Ï³ñëÿ âèäàëåííÿ ðîç÷èííèê³â ñèíòåçîâàíó ñïî-
ëóêó ïðîìèâàëè ñóì³øøþ ³çîïðîï³ëîâîãî ñïèð-
òó ç åòèëàöåòàòîì (1:4) äëÿ âèäàëåííÿ íåö³ëüî-
âèõ ïðîäóêò³â ðåàêö³¿. Âèõ³ä ö³ëüîâîãî ïðîäóêòó
ðåàêö³¿ ñêëàâ 68%. Vis (CH3CN) (, ñì–1): 16130;
, ë/(ìîëüñì): 626,72; ²× (KBr) (, ñì–1): 3450–
3100, 2962, 2874, 1618, 1466, 1380, 1222, 1032,
884, 738, 702, 625.

Â³äì³íí³ñòü ñèíòåçó á³ñ-àöåòîí³òðèë-öèñ-
òåòðàõëîðîäè--ïðîë³íàòîäèðåí³é(III) õëîðèäó
öèñ-[Re2(Pro)2Cl4(CH3CN)2]Cl2 (III) â³ä ìåòîäè-
êè îäåðæàííÿ ñïîëóêè ² ïîëÿãàëà ó âèêîíàíí³
äðóãî¿ ñòàä³¿ ñèíòåçó, äå îòðèìàíó ðåàêö³éíó
ñóì³ø ïåðåì³øóâàëè çà òåìïåðàòóðè 60–700C
ïðîòÿãîì 20 ãîä. Âèõ³ä ö³ëüîâîãî ïðîäóêòó ñêëàâ
74%. Vis (CH3CN) (, ñì–1): 16400; , ë/(ìîëüñì):
506,44; ²× (KBr) (, ñì–1): 3429, 2965, 2879, 2753,
1625, 1458, 1383, 1250, 1040, 945, 879, 816, 739,
664.

Òàêèì ÷èíîì, îïèñàíà ó ñòàòò³ âçàºìîä³ÿ
ìîæå áóòè ïðî³ëþñòðîâàíà íàñòóïíèì ð³âíÿí-
íÿì ðåàêö³¿ (íà ïðèêëàä³ III):

(NBu4)2Re2Cl8+2Pro+2CH3CN
öèñ-[Re2(Pro)2Cl42CH3CN]Cl2+2NBu4Cl.  (1)
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Ñèíòåçîâàí³ ñïîëóêè I, II, III ìàþòü áëà-
êèòíå çàáàðâëåííÿ, äîáðå ðîç÷èíÿþòüñÿ â åëåê-
òðîíîäîíîðíèõ ïîëÿðíèõ îðãàí³÷íèõ ðîç÷èííè-
êàõ, íåîðãàí³÷íèõ êèñëîòàõ (ÍCl, Í2SO4 òà ³í.) ³
âîä³, íå ðîç÷èíÿþòüñÿ ó íåïîëÿðíèõ îðãàí³÷íèõ
ðîç÷èííèêàõ, íàïðèêëàä, CCl4, öèêëîãåêñàí.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Äëÿ ï³äòâåðäæåííÿ áóäîâè ñèíòåçîâàíèõ
êîìïëåêñíèõ ñïîëóê äèðåí³þ(III) áóëè ïðîàíà-
ë³çîâàí³ äàí³ ÅÑÏ ¿õ ðîç÷èí³â. ßê áóëî âñòàíîâ-
ëåíî ðàí³øå, äëÿ êîìïëåêñíèõ ñïîëóê äèðå-
í³þ(²²²) öèñ-êîíô³ãóðàö³¿, áóäîâà ÿêèõ áóëà äî-
âåäåíà çà äîïîìîãîþ ïðÿìîãî ðåíòãåíîñòðóêòóð-
íîãî àíàë³çó [8], â ÅÑÏ öèñ-òåòðàõëîðîäè--êàð-
áîêñèëàò³â äèðåí³þ(²²²) ñïîñòåð³ãàºòüñÿ õàðàê-
òåðèñòè÷íèé ìàêñèìóì ïîãëèíàííÿ ó âèäèì³é
ä³ëÿíö³ ñïåêòðó â ä³àïàçîí³ 15600–16700 ñì–1. Öåé
ï³ê â³äïîâ³äàº *-åëåêòðîííîìó ïåðåõîäó ïî-
÷âåðíîãî çâ’ÿçêó Re–Re äëÿ ñïîëóê ç öèñ-ðîç-
òàøóâàííÿì äâîõ ì³ñòî÷êîâî êîîðäèíîâàíèõ
êàðáîêñèëàòíèõ ãðóï ó ë³ãàíäíîìó îòî÷åíí³ êëà-
ñòåðó Re2

6+. Äðóãà ñìóãà ïîãëèíàííÿ çíàõîäèòü-
ñÿ â ÓÔ-ä³àïàçîí³ ïðè 32200–29300 ñì–1 ³ â³äïî-
â³äàº åëåêòðîííîìó ïåðåõîäó ç ïåðåíåñåííÿì
çàðÿäó (ÏÏÇ) L

ClRe.
Àíàë³ç ÅÑÏ îòðèìàíèõ íàìè ñïîëóê âêà-

çóº íà ñõîæ³ñòü ðîçòàøóâàííÿ ³ ³íòåíñèâí³ñòü
õàðàêòåðèñòè÷íèõ ñìóã ïîãëèíàííÿ ç â³äîìèìè
öèñ-òåòðàõëîðîäè--êàðáîêñèëàòàìè äèðå-
í³þ(²²²) [8] òà ñèíòåçîâàíèìè íàìè ðàí³øå àì³-
íîêèñëîòíèìè êîìïëåêñàìè äèðåí³þ(III) öèñ-

êîíô³ãóðàö³¿ [4], ùî ìîæå ñëóãóâàòè äîäàòêîâèì
äîêàçîì îòðèìàííÿ êîìïëåêñíèõ ñïîëóê öüîãî
ñòðóêòóðíîãî òèïó.

Â ÓÔ-ä³ëÿíö³ ÅÑÏ äîñë³äæóâàíèõ ðå÷îâèí
²–²²², íà â³äì³íó â³ä âèõ³äíèõ ñïîëóê, âäàëîñÿ
çàô³êñóâàòè õàðàêòåðèñòè÷íèé ïåðåãèí äëÿ öèñ-
òåòðàõëîðîäè--êàðáîêñèëàò³â äèðåí³þ(²²²) ïðè
29000 ñì–1, ÿêèé â³äïîâ³äàº ÏÏÇ L

ClRe [9],
ùî çîáðàæåíî íà ïðèêëàä³ ñïîëóêè ²² (ðèñ. 1).

Ñêëàä îäåðæàíèõ êîìïëåêñíèõ ñïîëóê
ï³äòâåðäæåíî çà äîïîìîãîþ åëåìåíòíîãî àíàë³-
çó íà Re òà Cl (òàáë. 1).

Äàí³ õ³ì³÷íîãî àíàë³çó äëÿ îäåðæàíèõ ðå-
÷îâèí ï³äòâåðäæóþòü óòâîðåííÿ êîìïëåêñíèõ
ñïîëóê ³ç ôîðìóëîþ öèñ-[Re2(AK)2Cl4(CH3CN)2]Cl2
(äå ÀÊ – öå êèñëîòíèé çàëèøîê Ile, Ser, Pro) ó
ìîëåêóë³ ÿêèõ ì³ñòèòüñÿ ø³ñòü àòîì³â Cl.

Íà çîâí³øíüîñôåðíå ïîëîæåííÿ äâîõ ³îí³â
õëîðó âêàçóº îñàäæåííÿ ¿õ ó âèãëÿä³ AgCl ïðè
âçàºìîä³¿ ï³äêèñëåíîãî òåòðàôòîðîáîðàòíîþ
êèñëîòîþ âîäíîãî ðîç÷èíó ö³ëüîâèõ ïðîäóêò³â ç
ðîç÷èíîì àð´åíòóì(I) òåòðàôòîðîáîðàòó çã³äíî
ç íàâåäåíîþ íèæ÷å ðåàêö³ºþ:

[Re2(AK)2Cl4(CH3CN)2]Cl2+2AgBF4
[Re2(AK)2Cl4(CH3CN)2](BF4)2+2AgCl,  (2)

äå ÀÊ – öå êèñëîòíèé çàëèøîê Ile, Ser, Pro.
Àíàë³ç îäåðæàíèõ îñàä³â äîçâîëÿº âèçíà-

÷èòè ê³ëüê³ñòü çîâí³øíüîñôåðíèõ Cl äëÿ ñèíòå-
çîâàíèõ êîìïëåêñíèõ ñïîëóê (òàáë. 2).

Ðèñ. 1. Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ â ÓÔ-ä³ëÿíö³: à –  ––– ñåðèí; ----- (NBu4)2Re2Cl8;

–––  öèñ-[Re2(Ser)2Cl4(CH3CN)2]Cl2; á – ôðàãìåíò ÓÔ-ñïåêòðà öèõ ñïîëóê

Re (%) Cl (%) 
№ Молярна маса, г/моль 

Знайдено Вирахувано Знайдено Вирахувано 

І 929,57 39,72 40,06 22,39 22,88 

ІІ 877,41 42,03 42,45 23,82 24,24 

ІІІ 897,49 40,78 41,50 22,23 23,70 

 

Òàáëèöÿ 1

Ðåçóëüòàòè õ³ì³÷íîãî àíàë³çó ñïîëóê äèðåíàò³â(²²²) ïðîòå¿íîãåííèõ àì³íîêèñëîò
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Òàáëèöÿ 2

Ðåçóëüòàòè õ³ì³÷íîãî àíàë³çó îñàäó, îäåðæàíîãî
ïðè âçàºìîä³¿ öèñ-òåòðàõëîðîäè--àì³íîêàðáîêñèëàòî-

äèðåí³é(²²²) õëîðèä³â ç AgBF4

Cl (%) 
№ 

Знайдено Вирахувано 

І 7,18 7,63 

ІІ 7,67 8,08 

ІІІ 7,42 7,09 

 
Äëÿ ï³äòâåðäæåííÿ áóäîâè íîâèõ êëàñòåð-

íèõ ñïîëóê ²–²II áóëè çàïèñàí³ ²×-ñïåêòðè ó
òàáëåòêàõ KBr. Ñï³ëüíèìè ðèñàìè º â³äñóòí³ñòü
äóæå ³íòåíñèâíî¿ ñìóãè â ä³àïàçîí³ 1750–1700 ñì–1,
õàðàêòåðíî¿ äëÿ íåêîîðäèíîâàíî¿ ÑÎ-ãðóïè [10]
³ íàÿâí³ñòü ³íòåíñèâíî¿, ñëàáî ðîçùåïëåíî¿ ñìóãè
â ä³àïàçîí³ 1466–1458 ñì–1, ÿêó â³äíîñÿòü äî
s(CO) êîîðäèíîâàíî¿ êàðáîêñèëàòíî¿ ãðóïè.
Òàêà ñìóãà ñâ³ä÷èòü ïðî ì³ñòî÷êîâó êîîðäèíà-
ö³þ ö³º¿ ãðóïè äî á³ÿäåðíîãî ôðàãìåíòó Re2

6+.
Òàêîæ ó ñïåêòðàõ ïðîÿâëÿþòüñÿ êîëèâàííÿ
(ÑH) ó CH3-ãðóïàõ àêñ³àëüíîãî ë³ãàíäó ³ (ÑH)
äëÿ àë³ôàòè÷íîãî ëàíöþæêà, ùî ñâ³ä÷èòü ïðî
ö³ë³ñí³ñòü ïðîòå¿íîãåííî¿ àì³íîêèñëîòè ï³ñëÿ ¿¿
êîîðäèíàö³¿ äî êëàñòåðíîãî ôðàãìåíòó Re2

6+ [10].
Äëÿ ñïîëóê ², ²I, äî ñêëàäó ÿêèõ âõîäèòü

àì³íîãðóïà, â³äáóâàºòüñÿ ¿¿ ïðîòîíóâàííÿ, ùî
ï³äòâåðäæóºòüñÿ íàÿâí³ñòü ñìóã âàëåíòíèõ (NH3

+)
³ äåôîðìàö³éíèõ êîëèâàíü (NH3

+). Àíàë³ç ²×-
ñïåêòð³â äëÿ ²²² ïîêàçàâ íàÿâí³ñòü ñìóã âàëåí-
òíèõ (NH2

+) ³ äåôîðìàö³éíèõ êîëèâàíü (NH2
+)

ó ä³àïàçîíàõ 3429 ñì–1 òà 1625 ñì–1, â³äïîâ³äíî,
âêàçóþòü íà ïðîòîíóâàííÿ ³ì³íîãðóïè, ðîçòàøî-
âàíî¿ á³ëÿ àòîìà -Ñ.

Òàê³ äàí³ ²×-ñïåêòð³â â³äïîâ³äàþòü ïîïå-
ðåäí³ì ðåçóëüòàòàì äëÿ ³íøèõ ñèíòåçîâàíèõ íàìè
àì³íîêàðáîêñèëàò³â äèðåí³þ(III) [4].

Âèâ÷åííÿ ïîâåä³íêè ãàëîãåíîêàðáîêñèëàò³â
äèðåí³þ(III) ó âîäíèõ ðîç÷èíàõ äîçâîëÿº ðîç-
øèðèòè óÿâëåííÿ ïðî ñò³éê³ñòü òàêèõ ñïîëóê ó
ô³ç³îëîã³÷íèõ óìîâàõ.

Ñèíòåçîâàí³ íàìè êîìïëåêñí³ ñïîëóêè I–
III äîáðå ðîç÷èíí³ ó âîäíèõ ðîç÷èíàõ, íà â³äì³íó
â³ä áàãàòüîõ ³íøèõ êàðáîêñèëàò³â äèðåí³þ(III),
ÿê³ ÷åðåç íèçüêó ðîç÷èíí³ñòü àáî íåñòàá³ëüí³ñòü
ó âîäíèõ ðîç÷èíàõ çàñòîñîâóþòü äëÿ á³îëîã³÷íèõ
äîñë³äæåíü â ³íêàïñóëüîâàí³é ôîðì³ [11].

Íàâàæêó êîìïëåêñíèõ ñïîëóê ²–III ðîç÷è-
íÿëè ó ô³ç³îëîã³÷íîìó ðîç÷èí³ çà ïîñò³éíî¿ òåì-
ïåðàòóðè (200Ñ). Ñï³ëüíîþ ðèñîþ ã³äðîë³çó ðå-
÷îâèí ²–III º ïîñòóïîâå çìåíøåííÿì ³íòåíñèâ-
íîñò³ õàðàêòåðèñòè÷íîãî ìàêñèìóìó ïîãëèíàí-
íÿ, ÿêèé â³äïîâ³äàº *-åëåêòðîííîìó ïåðåõî-

äó ïî÷âåðíîãî çâ’ÿçêó Re–Re öüîãî ñòðóêòóðíî-
ãî òèïó [4,9], áåç çì³íè éîãî ðîçòàøóâàííÿ, ùî
ïðåäñòàâëåíî íà ïðèêëàä³ ñïîëóêè III (ðèñ. 2).

Ïðè ðîç÷èíåíí³ äîñë³äæåíèõ êîìïëåêñíèõ
ñïîëóê I–III ó ô³ç³îëîã³÷íîìó ðîç÷èí³ (ÿñêðàâî-
áëàêèòíèé êîë³ð) ³íòåíñèâí³ñòü çàáàðâëåííÿ
ïîñòóïîâî çìåíøóâàëàñü ç ÷àñîì (òàáë. 3), ùî
ï³äòâåðäæóº çìåíøåííÿ ³íòåíñèâíîñò³ õàðàêòåð-
íî¿ ñìóãè ïîãëèíàííÿ ó ÅÑÏ.

Òàáëèöÿ 3

Ïðèáëèçíà òðèâàë³ñòü ã³äðîë³çó () òà ÷àñ ïîëîâèííîãî
ã³äðîë³çó (ñ1/2) äëÿ ñèíòåçîâàíèõ ñïîëóê

№  (с1/2), доба , доба 

I 4 14 

II 2,5 10 

III 2 9 

 

Äîñë³äæåííÿ ðå÷îâèí I–III çà äîïîìîãîþ
pH-ìåòð³¿ ïîêàçàëî, ùî ç ÷àñîì â³äáóâàºòüñÿ
çá³ëüøåííÿ êèñëîòíîñò³ ðîç÷èíó (çìåíøåííÿ
pH), ùî ñâ³ä÷èòü ïðî çá³ëüøåííÿ êîíöåíòðàö³¿
³îí³â H+ ó ðîç÷èí³, ùî, ÿê áóëî îïèñàíî ðàí³øå
[9], â³äáóâàºòüñÿ ó ðåçóëüòàò³ çàì³íè ëàá³ëüíèõ
õëîðèäíèõ ë³ãàíä³â êîìïëåêñíî¿ ñïîëóêè íà
OH--ãðóïè øëÿõîì ïðèºäíàííÿ âîäè ³ç ïîäàëü-
øèì ¿¿ äåïðîòîíóâàííÿì.

Ç îäåðæàíèõ ðåçóëüòàò³â âèïëèâàº, ùî á³ëüø
ñò³éêîþ º êîìïëåêñíà ñïîëóêà äèðåí³þ(²²²) I ç

Ðèñ. 2. Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ ñèíòåçîâàíî¿

ñïîëóêè III (Ñì
0=2,9910–3 ìîëü/ë) â ô³ç³îëîã³÷íîìó

ðîç÷èí³ ó ÷àñ³
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³çîëåéöèíîì, ùî ìîæå áóòè ïîâ’ÿçàíî ç éîãî
ã³äðîôîáí³ñòþ. Ðå÷îâèíà II ç ñåðèíîì, ÿêèé
ì³ñòèòü ÎÍ-ãðóïó òà º ã³äðîô³ëüíèì, âèÿâèëà
íàéìåíøó ñò³éê³ñòü äî âîäè. Â³äì³ííèì º âèïà-
äîê ã³äðîë³çó êîìïëåêñíî¿ ñïîëóêè III ³ç çàëèø-
êîì ãåòåðîöèêë³÷íî¿ àì³íîêèñëîòè ïðîë³íó, â ÿêó
àòîì àçîòó âõîäèòü ó ñêëàä³ âòîðèííîãî, à íå
ïåðâèííîãî, àì³íó òà ìàº ã³äðîôîáí³ âëàñòèâîñò³.
Çàãàëîì, áóëî âñòàíîâëåíî, ùî ñò³éê³ñòü äîñë³-
äæóâàíèõ ðå÷îâèí º äîñòàòíüîþ äëÿ ïîäàëüøî-
ãî âèêîðèñòàííÿ öèõ ñïîëóê ó á³îëîã³÷íèõ
äîñë³äæåííÿõ.

Âèñíîâêè

Òàêèì ÷èíîì, áóëè ìîäèô³êîâàí³ ðàí³øå
ðîçðîáëåí³ ìåòîäèêè ñèíòåçó, çàâäÿêè ÷îìó áóëî
âïåðøå îäåðæàíî òà âèä³ëåíî ó òâåðäîìó ñòàí³
êîìïëåêñí³ ñïîëóêè öèñ-òåòðàõëîðîäè--êàðáîê-
ñèëàò äèðåí³þ(²²²) ç ³çîëåéöèíîì, ñåðèíîì ³
ïðîë³íîì. Äî ñêëàäó îäåðæàíèõ ñïîëóê âõîäèòü
êëàñòåðíèé ôðàãìåíò Re2

6+, ùî ì³ñòèòü ïî÷âåð-
íèé çâ’ÿçîê ðåí³é–ðåí³é. Ñêëàä òà áóäîâà îäåð-
æàíèõ ðå÷îâèí áóëè äîâåäåí³ çà äîïîìîãîþ åëå-
ìåíòíîãî àíàë³çó, ²×- òà åëåêòðîííî¿ àáñîðá-
ö³éíî¿ ñïåêòðîñêîï³¿. Âñòàíîâëåíî, ùî ïðè óò-
âîðåíí³ öèñ-òåòðàõëîðîäè--êàðáîêñèëàòó äèðå-
í³þ(²²²) ñïîñòåð³ãàºòüñÿ ì³ñòî÷êîâà êîîðäèíà-
ö³ÿ êàðáîêñèëüíî¿ ãðóïè àì³íîêèñëîòíèõ ë³ãàíä³â
äî êëàñòåðó Re2

6+, ùî ï³äòâåðäæóºòüñÿ òàêîæ
äàíèìè äëÿ â³äîìèõ êîìïëåêñíèõ ñïîëóê ðå-
í³þ(²²²), áóäîâà ÿêèõ âñòàíîâëåíà çà äîïîìîãîþ
ðåíòãåíîñòðóêòóðíîãî àíàë³çó [7].

Íàäàí³ ðåçóëüòàòè äîñë³äæåííÿ ñò³éêîñò³
ñèíòåçîâàíèõ ñïîëóê ó ô³ç³îëîã³÷íîìó ðîç÷èí³
ïîêàçàëè, ùî ã³äðîë³ç öèõ ðå÷îâèí ïðîõîäèòü
ïðîòÿãîì 9–14 ä³á ³ç çìåíøåííÿì pH ðåàêö³é-
íîãî ðîç÷èíó çà ðàõóíîê ïîñòóïîâîãî çàì³ùåí-
íÿ ëàá³ëüíèõ õëîðèäíèõ ë³ãàíä³â íà ÎÍ–-ãðóïè
íà ïåðøèõ åòàïàõ âçàºìîä³¿ çà âîäîþ. Íàäàí³ ðå-
çóëüòàòè äîçâîëÿþòü ïðîãíîçóâàòè ñòàá³ëüí³ñòü
I–²²² ïðè ¿õ çàñòîñóâàíí³ ÿê á³îëîã³÷íî-àêòèâ-
íèõ ðå÷îâèí ³ ðåàãåíò³â äëÿ ñèíòåçó íîâèõ êîì-
ïëåêñíèõ ñïîëóê.
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SYNTHESIS AND STABILITY OF THE DIRHENIUM(III)
CLUSTER COMPOUNDS WITH ISOLEUCINE, SERINE
AND PROLINE IN AQUEOUS SOLUTIONS

Y.V. Husak *, A.A. Ovcharenko, A.A. Golichenko, A.V. Shtemenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine
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The previously developed methods for the synthesis of cis-
tetrachlorodi-m-carboxylates of dirhenium(III) were modified,
due to which the derivatives of Re2

6+ with proteinogenic amino
acids (AA) isoleucine, serine and proline were synthesized for
the first time. The composition and structure of these substances
with the general formula cis-[Re2(ÀA)2Cl4(CH3CN)2]Cl2 were
confirmed by elemental analysis, electron adsorption and IR
spectroscopy. The presence of a characteristic peak, which
corresponds to the *-electronic transition of the Re–Re
quadruple bond for compounds with the cis-arrangement of two
bridging-coordinated carboxylate groups in the ligand environment
of the Re2

6+ cluster, was showed by using the data on the electronic
absorption spectra of solutions of the synthesized compounds.
The IR spectrum contains an intense, weakly split band in the
region of 1466–1458 cm–1, which is attributed to the s(CO)
coordinated carboxyl group and indicates its bridging coordination
to the binuclear Re2

6+ fragment. The spectra exhibited the presence
of bands of stretching (NH3

+) and bending vibrations (NH3
+)

of protonated amino groups in complex compounds of isoleucine
and serine and the presence of bands of stretching (NH2

+) and
bending vibrations (NH2

+) of the protonated imino group of
proline. The stability of the prepared complex compounds in
aqueous solutions was investigated. It is shown that the hydrolysis
of the synthesized substances occurs within 9–14 days with a
decrease in the pH of the reaction solution due to a gradual
replacement of labile chloride ligands by OH–-groups at the first
stages of interaction with water. The resistance to hydrolysis is an
important parameter of biologically active substances; the
determination of the resistance to hydrolysis will expand
understanding of the possible mechanisms of their specific
biological activity.

Keywords: quadruple bond; cluster compound; rhenium;
proteinogenic amino acid; isoleucine; proline; serine.

REFERENCES

1. Shtemenko A.V., Shtemenko N.I. Rhenium–platinum
antitumor systems. Ukrainian Biochemical Journal, 2017, vol. 89,
pp. 5-30.

2. Syrovaya A.O., Shapoval L.G., Makarov V.A., Petyunina V.N.,
Grabovetskaya Y.R., Andreyeva S.V., Nakonechnaya S.A.,
Bachinskiy R.O., Luk’yanova L.V., Kozub S.N., Levashova O.L.,
Aminokisloty glazami khimikov, farmatsevtov i biologov [Amino acids
through the eyes of chemists, pharmacists and biologists]. Shchedra
Sadyba Plus Publishers, Khark³v, 2015. 268 ð. (in Russian).

3. Magar K.B.S., Xia L., Lee Y.R. Organocatalyzed
benzannulation for the construction of diverse anthraquinones
and tetracenediones. Chemical Communications, 2015, vol. 51,
pp. 8592-8595.

4. Ovcharenko A.A., Golichenko A.A., Shtemenko A.V.
Syntez klasternykh spoluk direniyu(III) z treoninom [Synthesis
of cluster compounds of dirhenium(III) with threonine]. Voprosy

Khimii i Khimicheskoi Tekhnologii, 2019, no. 1, pp. 42-48. (in
Ukrainian).

5. Evdokimova O.V., Pechishcheva N.V., Shunyaev K.Yu.
Up-to-date methods for the determination of rhenium. Journal
of Analytical Chemistry, 2012, vol. 67, pp. 741-753.

6. Gillebrand V.F., Lendel G.E., Brayt G.A., Gofman D.I.,
Prakticheskoe rukovodstvo po neorganicheskomu analizu [A practical
guide to inorganic analysis]. Khimiya Publishers. Moscow, 1966.
1111 p. (in Russian).

7. Golichenko A.A., Domasevitch K.V., Kytova D.E.,
Shtemenko A.V. Crystal structure of cis-bis-(--alanine-k(2)
O:O’) bis[tri-chlorido-rhenium(III)] (Re–Re) sesquihydrate. Acta

Crystallographica, Section E: Crystallographic Communications,
2015, vol. 71, pp. 45-47.

8. Golichenko A.A., Shtemenko A.V. Crystal structure of
di--isobutyrato-k 4 O:O’-bis[cis-dichlorido(dimethysulfoxide-
kS)rhenium(III). Acta Crystallographica, Section E: Crystallographic

Communications, 2015, vol. 71, pp. 1219-1221.

9. Ovcharenko A.A., Velichko O.V., Golichenko A.A.,
Shtemenko A.V. H³droliz kompleksnoy³ spoluky dirhenium(III)
z -alaninom [Hydrolysis of the dirhenium(III) complex
compound with -alanine] Voprosy Khimii i Khimicheskoi

Tekhnologii, 2020, vol. 4, pp. 115-120. (in Ukrainian).

10. Nakamoto K., Infrared and Raman spectra of inorganic

and coordination compounds, Part B, applications in coordination,
organometallic, and bioinorganic chemistry, 6 ed. John Wiley &
Sons, 2009. 408 p.

11. Sl³pkan A., Shtemenko N., Kytova D., Shtemenko A.

Encapsulation of dirhenium(III) carboxylates into zirconium
phosphate. Acta Chimica Slovenica, 2020, vol. 67, pp. 487-495.


