
177

The structure and behavior in solution of a mixed-ligand complex of cobalt(III) with pyridine,
2-hydroxyimono-3-phenylpropionic acid and thiocarbamide

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 177-183

© ².Â. Ðàñïåðòîâà, Î.Â. Âàùåíêî, Ð.Ä. Ëàìïåêà, 2019

ÓÄÊ 541.49:546.733

².Â. Ðàñïåðòîâà, Î.Â. Âàùåíêî, Ð.Ä. Ëàìïåêà

ÁÓÄÎÂÀ ÒÀ ÏÎÂÅÄ²ÍÊÀ Â ÐÎÇ×ÈÍ² Ð²ÇÍÎË²ÃÀÍÄÍÎÃÎ ÊÎÌÏËÅÊÑÓ
ÊÎÁÀËÜÒÓ(²²²) Ç Ï²ÐÈÄÈÍÎÌ, 2-Ã²ÄÐÎÊÑÈ²Ì²ÍÎ-3-ÔÅÍ²ËÏÐÎÏ²ÎÍÎÂÎÞ

ÊÈÑËÎÒÎÞ ÒÀ Ò²ÎÊÀÐÁÀÌ²ÄÎÌ

Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Òàðàñà Øåâ÷åíêà, ì. Êè¿â, Óêðà¿íà
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Âñòóï

Õ³ì³ÿ êîìïëåêñ³â êîáàëüòó(²²²) ç ë³ãàíäàìè
îêñèìíîãî òèïó øèðîêî âèâ÷àºòüñÿ ïðîòÿãîì
îñòàíí³õ äåñÿòèð³÷, îñê³ëüêè ö³ ñïîëóêè º ìî-
äåëüíèìè â äåÿêèõ á³îõ³ì³÷íèõ ïðîöåñàõ [1,2].
Âîíè çíàõîäÿòü ñâîº çàñòîñóâàííÿ â îðãàí³÷íî-
ìó ñèíòåç³ íà «ìàòðèö³» ìåòàëó [3,4], ÿê êàòàë³-
çàòîðè [5], à òàêîæ äëÿ çàõèñòó ïðè ñèíòåç³ äå-
ÿêèõ àì³íîêèñëîò [6]. Ç íàøî¿ òî÷êè çîðó, ö³ ë³ãàí-
äè òà êîìïëåêñè íà ¿õ îñíîâ³ º ïîòåíö³éíèìè
á³îëîã³÷íî-àêòèâíèìè ñïîëóêàìè. Á³ëüø òîãî,
âèâ÷åííÿ öèõ ñïîëóê ìîæå áóòè êîðèñíèì äëÿ
âèð³øåííÿ äåÿêèõ òåîðåòè÷íèõ ïèòàíü, çîêðåìà
òèõ, ùî ñòîñóþòüñÿ âçàºìíîãî âïëèâó äîíîðíèõ
ãðóï, çì³íè êîìïëåêñîóòâîðþþ÷èõ âëàñòèâîñòåé
2-àì³íîêèñëîò, ùî â³äáóâàþòüñÿ ïðè çàì³í³ àì³-
íî-ãðóïè íà îêñèìíó. 2-Ã³äðîêñè³ì³íîêàðáîíîâ³
êèñëîòè, RC(NOH)COOH, ìîæíà ðîçãëÿäàòè ÿê
äâîîñíîâí³ êèñëîòè. Ðàí³øå íà ïðèêëàä³ 2-îê-
ñèì³íîïðîï³îíîâî¿ êèñëîòè áóëà ïðîäåìîíñòðî-
âàíà ïðèíöèïîâà ìîæëèâ³ñòü óòâîðåííÿ ñïîëóê
ç d-ìåòàëàìè [7,8]. Â ïðîäîâæåííÿ âèùåçãàäà-

íèõ ðîá³ò â äàí³é ñòàòò³ íàäàí³ ðåçóëüòàòè ñèí-
òåçó òà äîñë³äæåííÿ ð³çíîë³ãàíäíîãî êîìïëåêñó
Êîáàëüòó(²²²) ç ï³ðèäèíîì, 2-ã³äðîêñè³ì³íî-3-
ôåí³ëïðîï³îíîâîþ êèñëîòîþ òà ò³îêàðáàì³äîì.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ï³ä ÷àñ âèêîíàííÿ åêñïåðèìåíòàëüíèõ
ðîá³ò áóëè âèêîðèñòàí³: ò³îêàðáàì³ä (“÷.ä.à.”),
ìåòàíîë (“÷.ä.à.”). Ïðè îäåðæàíí³ êîîðäèíà-
ö³éíî¿ ñïîëóêè áóëî âèêîðèñòàíî êîìïëåêñ
[Co{(H2L)2–3H}2Py] îäåðæàíèé çà ðàí³øå îïè-
ñàíîþ ìåòîäèêîþ [9]. ßÌÐ-ñïåêòðè îäåðæàíî¿
ñïîëóêè áóëè çàïèñàí³ íà ïðèëàä³ Bruker 400.
ßê ðîç÷èííèêè áóëè âèêîðèñòàí³ DMSO-d6,
CDCl3, THF-d8. Åëåìåíòíèé àíàë³ç ñèíòåçîâàíî¿
ñïîëóêè áóâ âèêîíàíèé íà CHN-àíàë³çàòîð³
ô³ðìè “CarloErba”. Ðåíòãåíîñòðóêòóðíèé àíàë³ç
âèêîíàíî çà äîïîìîãîþ ïðèëàäó Enraf-Nonius
CAD4.

Äëÿ ñèíòåçó [Co{(H2L)2–3H}2Py]·Thio âè-
êîðèñòîâóâàëè íàñòóïíó ìåòîäèêó:
[Co{(H2L)2–3H}2Py] (0,5725 ã, 1 ììîëü) òà ò³î-
êàðáàì³ä (0,7612 ã, 10 ììîëü) êèï’ÿòèëè â ìåòà-
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íîë³ (30 ìë) ç³ çâîðîòíèì õîëîäèëüíèêîì ïðî-
òÿãîì 5 ãîäèí. Ï³ñëÿ îõîëîäæåííÿ ðîç÷èíó â³äáó-
âàëàñÿ êðèñòàë³çàö³ÿ. Êîìïëåêñ, ùî óòâîðèâñÿ,
â³äô³ëüòðîâóâàëè òà ïðîìèâàëè îõîëîäæåíèì
ìåòàíîëîì. Âèõ³ä 0,584 ã, 90,12%.

1H ßÌÐ (400 MHz, òåòðàã³äðîôóðàí-d8):
=19,47 (ñ, 1H); 8,40 (ä, 2H); 8,02 (ò, 1H); 7,54
(ä, 2H); 7,09–7,03 (ì, 3H); 6,84–6,76 (ì, 2H);
6,65 (c, 2H); 3,76 (ñ, 2H). Çíàéäåíî, äëÿ
C29H29CoN6O6S (Mr=648,57), %: Ñ 53,51; Í 4,28;
N 13,01. Ðîçðàõîâàíî, %: Ñ 53,70; Í 4,51; N 12,96.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Êèï’ÿò³ííÿ ï³ðèäèíâì³ñíîãî êîìïëåêñó
Co(III) â ìåòàíîë³ ó ïðèñóòíîñò³ íàäëèøêó ò³-
îêàðáàì³äó (Thio) ïðèâåëî äî âèä³ëåííÿ êîìï-
ëåêñó ñêëàäó [Co{(H2L)2–3H}2Py]Thio, äå H2L –
2-ã³äðîêñè³ì³íî-3-ôåí³ëïðîï³îíîâà êèñëîòà, Py
– ï³ðèäèí, Thio – ò³îêàðáàì³ä. Åëåìåíòíèé
àíàë³ç, à òàêîæ ³íòåãðàëüí³ ³íòåíñèâíîñò³ ñèã-
íàë³â ó ÏÌÐ-ñïåêòð³ äèìåòèëñóëüôîêñèäíîãî
ðîç÷èíó äàíî¿ ñïîëóêè ñâ³ä÷àòü ïðî òå, ùî
ñï³ââ³äíîøåííÿ àöèäîë³ãàíä:ï³ðèäèí:ò³îêàð-
áàì³ä=2:2:1. Ïðèñóòí³ñòü îäíîãî âóçüêîãî ñèã-
íàëó ïðè 19,47 ì.÷. ó 1Í-ßÌÐñïåêòð³ ñïîëóêè
îäíîçíà÷íî ñâ³ä÷èòü ïðî íàÿâí³ñòü ó äàíîìó
êîìïëåêñ³ âíóòð³øíüîìîëåêóëÿðíîãî ÎÍ–Î
çâ’ÿçêó, ÿêèé º õàðàêòåðíèì äëÿ ïîä³áíèõ êîì-
ïëåêñ³â àì³ííîãî òèïó [9,10]. Õàðàêòåð ñïåêòðó ³
ðîçòàøóâàííÿ óñ³õ ñèãíàë³â ïðàêòè÷íî ³äåíòè÷í³
îòðèìàíèì äàíèì äëÿ ñïîëóêè [Co{(H2L)2–3H}2Py].
Öå äîçâîëèëî ïðèïóñòèòè íåêîîðäèíîâàíèé ñòàí
ò³îêàðá³ì³ä. Òàêèé âèñíîâîê óçãîäæóºòüñÿ òàêîæ
ç ïîëîæåííÿì ñèãíàëó êàðáîíó ò³îêàðáàì³äó ó
13Ñ ßÌÐ ñïåêòð³ (183,78 ì.÷.), ÿêèé çíàõîäèòüñÿ
ó ñóòòºâî á³ëüø ñëàáêîìó ïîë³, í³æ ó âèïàäêó
êîìïëåêñ³â êîáàëüòó, äå ò³îêàðáàì³ä êîîðäèíî-
âàíèé.

Ç ìåòîþ ç’ÿñóâàííÿ ïèòàííÿ ïðî ìîæëèâ³ñòü
êîîðäèíàö³¿ ò³îñå÷îâèíè â ðîç÷èí³ áóëî çä³éñíå-
íî ßÌÐ-ñïåêòðàëüíå âèâ÷åííÿ êîìïëåêñó, ùî

ðîçãëÿäàºòüñÿ, ïðè çíèæåíèõ òåìïåðàòóðàõ ó àï-
ðîòîííèõ ðîç÷èííèêàõ. Ñïðîáè äîñë³äæåííÿ
äàíî¿ ñèñòåìè ó õëîðîôîðì³ íå âäàëèñü, îñê³ëü-
êè ïðè ðîç÷èíåíí³ ïîðÿä ç óòâîðåííÿì îðàíæå-
âîãî ðîç÷èíó, âèïàäàº á³ëèé îñàä ò³îêàðá³ì³äó.
Òîìó â ÿêîñò³ ðîç÷èííèêà áóâ îáðàíèé òåòðàã³ä-
ðîôóðàí-d8. Íà ðèñ. 1 íàâåäåíî ÏÌÐ-ñïåêòðè
ñïîëóêè ïðè ð³çíèõ òåìïåðàòóðàõ.

Âèõîäÿ÷è ³ç õàðàêòåðó çì³íè ïîëîæåííÿ òà
âèãëÿäó ñèãíàë³â ó ñïåêòðàõ (ðèñ. 1), ìîæíà çðî-
áèòè âèñíîâîê ïðî òå, ùî ó ñèñòåì³ â³äáóâàþòü-
ñÿ òðè ïàðàëåëüíèõ ³, ñõîæå, íåçàëåæíèõ, äèíà-
ì³÷íèõ ïðîöåñè. Îäèí ç íèõ ñòîñóºòüñÿ ò³îêàð-
áàì³äó, ÷è¿ ïðîòîíè âæå ïðè Ò=263 Ê ïðîÿâëÿ-
þòüñÿ ó âèãëÿä³ äâîõ ñèãíàë³â, à ïîäàëüøå îõî-
ëîäæåííÿ ðîç÷èíó âåäå ëèøå äî çìåíøåííÿ íà-
ï³âøèðèíè â³äïîâ³äíèõ ñèãíàë³â ç îäíî÷àñíèì
¿õ çñóâîì ó ñëàáêå ïîëå. Íà íàø ïîãëÿä, òàêèé
õàðàêòåð çì³í ìîæå áóòè îáóìîâëåíèé óòâîðåí-
íÿì äîâãîæèâó÷èõ (ó øêàë³ ÷àñó ßÌÐ) àñîö³àò³â
ò³îêàðáàì³äó ç êîìïëåêñíîþ ÷àñòêîþ. Òàê³ àñî-
ö³àòè ìîæóòü âèíèêàòè çà ðàõóíîê óòâîðåííÿ
âîäíåâîãî çâ’ÿçêó ì³æ îäí³ºþ ç NH2-ãðóï ò³î-
êàðáàì³äó ç àòîìîì îêñèãåíó äåïðîòîíîâàíî¿
êàðáîêñèëüíî¿ ãðóïè ë³ãàíäó. Òàêîãî ðîäó äèíà-
ì³÷íèé ïðîöåñ ìîæíà, íà íàø ïîãëÿä, çîáðàçè-
òè íàñòóïíèì ÷èíîì (ñõåìà 1).

ßê âèïëèâàº ç âåëè÷èí õ³ì³÷íèõ çñóâ³â, ó
ðîç÷èí³ â³äñóòí³ ìîëåêóëè íåêîîðäèíîâàíîãî
ãåòåðîöèêëó, òîáòî íàÿâíèé â ðîç÷èí³ ò³î-
êàðá³ì³ä, íå ìîæå êîíêóðóâàòè ç ï³ðèäèíîì çà
ì³ñöå ó êîîðäèíàö³éí³ ñôåð³ êîáàëüòó.

Äðóãèé äèíàì³÷íèé ïðîöåñ, ÿêèé ñïîñòåð-
³ãàºòüñÿ ó äîñë³äæóâàí³é ñèñòåì³, ñòîñóºòüñÿ íà-
ÿâíèõ ó êîìïëåêñ³ ï³ðèäèíîâèõ ê³ëåöü, íà ùî
âêàçóþòü ñóòòºâ³ çì³íè ó ÷èñë³ òà ïîëîæåíí³ ñèã-
íàë³â, ùî â³äïîâ³äàþòü ï³ðèäèíîâèì ïðîòîíàì.
Çíèæåííÿ òåìïåðàòóðè â³äîáðàæàºòüñÿ ó ñïåêò-
ðàõ â ïåðøó ÷åðãó äëÿ - ³ -ïðîòîí³â ï³ðèäèíî-
âèõ ÿäåð, äëÿ ÿêèõ òî÷êà êîàëåñöåíö³¿ ñïîñòåð³-
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Ñõåìà 1. Âçàºìîä³ÿ ò³îêàðáàì³äó ç [Co{(H2L)2–3H}2Py]
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,

Ðèñ. 1 1Í-ßÌÐ ñïåêòðè ñïîëóêè [Co{(H2L)2–3H}2Py]Thio ïðè ð³çíèõ òåìïåðàòóðàõ (òåòðàã³äðîôóðàí-d8, 400ÌÃö)
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Ðèñ. 2. 2M-COSY ßÌÐ ñïåêòð ñïîëóêè [Co{(H2L)2–3H}2Py]Thio ïðè òåìïåðàòóð³ 163 K (òåòðàã³äðîôóðàí-d8, 400ÌÃö)

ê³ëåöü. Îäèí ³ç -ïðîòîí³â, ñóäÿ÷è ç éîãî õ³ì³÷íî-
ãî çñóâó, º äîñèòü ñèëüíî äåçåêðàíîâàíèì (=
=9,95 ì.÷.). Ñóòòºâî çñóíóòèé ó ñëàáêå ïîëå òà-
êîæ ³ îäèí ç -ïðîòîí³â. Òóò ñë³ä òàêîæ ï³äêðåñ-
ëèòè, ùî õàðàêòåð ÏÌÐ ñïåêòðà ñâ³ä÷èòü ïðî
íàÿâí³ñòü ó ðîç÷èí³ ëèøå îäíîãî òèïó ï³ðèäè-
íîâèõ ÿäåð, òîáòî îáèäâà ï³ðèäèíîâ³ öèêëè êîì-
ïëåêñó º åêâ³âàëåíòíèìè. Ç öüîãî âèïëèâàº âèñ-
íîâîê, ùî ¿õ îòî÷åííÿ ó êîìïëåêñ³ º îäíàêî-
âèì. Òàêà ñèòóàö³ÿ ìîæå ðåàë³çîâóâàòèñÿ ëèøå
ïðè äóæå øâèäê³é çì³í³ ïîëîæåííÿ ôåí³ëüíèõ
ê³ëåöü áåíçèëüíî¿ ãðóïè (ñõåìà 2).

Ùî ñòîñóºòüñÿ õàðàêòåðó ðóõó ìîëåêóë ï³ðè-

ãàºòüñÿ á³ëÿ 200 Ê (ðèñ. 1).
Ïîäàëüøå çíèæåííÿ òåìïåðàòóðè äî 163 Ê

âåäå äî ïîÿâè ó ñïåêòð³ ÷îòèðüîõ ñèãíàë³â (9,95;
8,58; 8,45; 7,43 ì.÷.), ÿê³ áóëè â³äíåñåí³ íà ï³äñòàâ³
äâîâèì³ðíîãî 1H-COSY (ðèñ. 2). Çã³äíî ç öèì
ñïåêòðîì ñèãíàëè ïðè 9,95 òà 8,58 ì.÷. îáóìîâ-
ëåí³ -ïðîòîíàìè, à ïðè 8,45 òà 7,43 ì.÷. –
-ïðîòîíàìè ï³ðèäèíîâèõ ê³ëåöü. Ñèãíàëè
-ïðîòîí³â ïðè çíèæåíí³ òåìïåðàòóðè çàçíàþòü
ëèøå äåÿêîãî óøèðåííÿ ³ ñëàáêîïîëüíîãî çñóâó
â³ä 7,86 äî 8,03 ì.÷. Òàêèì ÷èíîì, íàéá³ëüø ÷óò-
ëèâèìè äî òîãî äèíàì³÷íîãî ïðîöåñó, ÿêèé â³äáó-
âàºòüñÿ ó ðîç÷èí³, º - ³ -ïðîòîíè ï³ðèäèíîâèõ
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Ñõåìà 2. Îáåðòàííÿ ôåí³ëüíèõ ê³ëåöü áåíçèëüíî¿ ãðóïè â êîìïëåêñí³é ÷àñòèíö³

Ðèñ. 3. Ìîëåêóëÿðíà ñòðóêòóðà êîìïëåêñó [Co{(H2L)2–3H}2Py]Thio

äèíó, òî ºäèíî ìîæëèâèì º îáåðòàëüíèé ðóõ
íàâêîëî çâ’ÿçêó N–Co (ÿêùî íå âðàõîâóâàòè
äèñîö³àòèâí³ ïðîöåñè, ÿê³ â íàøîìó âèïàäêó º
ìàëîâ³ðîã³äíèìè). Âèõîäÿ÷è ³ç çàçíà÷åíîãî, ç
óðàõóâàííÿì ñòåðè÷íîãî ôàêòîðà, ìîæíà î÷³êó-
âàòè, ùî ï³ðèäèíîâ³ ê³ëüöÿ áóäóòü ìàòè ïåðåâà-
æàþ÷å ïîëîæåííÿ ó ìåæàõ êîìïëåêñíî¿ ÷àñòèí-

êè ³ ðîçì³ùóâàòèñÿ, â ïåðøó ÷åðãó, ïàðàëåëüíî
äî ôåí³ëüíèõ ê³ëåöü (ñõåìà 2). Òàêå ðîçì³ùåííÿ
ìîëåêóë ï³ðèäèíó âåäå äî òîãî, ùî éîãî -ïðî-
òîíè áóäóòü çíàõîäèòèñü ó ïîë³ ìàãí³òíîãî âïëè-
âó ôðàãìåíò³â O–Co–O àáî N–Co–N, ùî ³ áóäå
ïðèâîäèòè äî ¿õ ìàãí³òíî¿ íååêâ³âàëåíòíîñò³.

Òðåò³é äèíàì³÷íèé ïðîöåñ, ÿêèé ìè ñïîñ-
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òåð³ãàºìî ó íàø³é ñèñòåì³, ñòîñóºòüñÿ âèêëþ÷-
íî ïðîöåñó îáåðòàííÿ ôåí³ëüíîãî ê³ëüöÿ íàâêî-
ëî çâ’ÿçêó Ñôåí³ë–ÑÑÍ2

. Øâèäê³ñòü îáåðòàííÿ î÷³-
êóâàíî çìåíøóºòüñÿ ç³ çíèæåííÿì òåìïåðàòóðè,
ùî ÷³òêî â³äîáðàæàºòüñÿ íà âèãëÿä³ ñèãíàëó ÑÍ2

ãðóïè ïðè òåìïåðàòóðàõ íèæ÷å 200 Ê, ÿêèé ñóò-
òºâî óøèðþºòüñÿ (ðèñ. 1).

Ïðèñóòí³ñòü ò³îêàðáàì³äó ³ äâîõ ìîëåêóë
ï³ðèäèíó ó ñêëàä³ êîìïëåêñó, à òàêîæ òîé ôàêò,
ùî àí³îíîì âèñòóïàº 2-ã³äðîêñè³ì³íî-3-ôåí³ë-
ïðîï³îíàò-³îí, ñòðóêòóðí³ õàðàêòåðèñòèêè ÿêî-
ãî âèâ÷åí³ äóæå ìàëî, ñïîíóêàëè íàñ âèêîíàòè
ðåíòãåíîñòðóêòóðí³ äîñë³äæåííÿ ñïîëóêè
[Co{(H2L)2–3H}2Py]Thio. Ñïîëóêà ìàº ìîëåêó-
ëÿðíó áóäîâó (ðèñ. 3). Êîîðäèíàö³éíèé ïîë³åäð
êîáàëüòó ÿâëÿº ñîáîþ äåùî äåôîðìîâàíó âèòÿã-
íóòó òåòðàãîíàëüíó á³ï³ðàì³äó. ßê ³ â ðàí³øå
îïèñàíèõ ñòðóêòóðàõ, îñíîâí³ ãåîìåòðè÷í³ äå-
ôîðìàö³¿ ïîë³åäðó âíîñÿòüñÿ çà ðàõóíîê æîðñò-
êîãî õåëàòíîãî âóçëà N=C–C–O. Ïîòð³áíî
â³äì³òèòè òðîõè á³ëüø³ (0,01 Å) äîâæèíè çâ’ÿçê³â
Ñî–àí³îí ó ïîð³âíÿíí³ ç â³äïîâ³äíèì ï³ðèäè-
íàòíèì êîìïëåêñîì [9]. Íå äèâëÿ÷èñü íà öå,
âêàçàí³ äîâæèíè çâ’ÿçê³â Co–N ³ Co–O çíàõî-
äÿòüñÿ ó äîáð³é â³äïîâ³äíîñò³ ç òàêèìè æ äëÿ
³íøèõ îêòàåäðè÷íèõ êîìïëåêñ³â êîáàëüòó(²²²)
[9,10]. Ó êîîðäèíàö³éíîìó ïîë³åäð³ îäíà ç âåð-
øèí âèòÿãíóòà òðîõè á³ëüøå. Öå âèêëèêàíî ñïå-
öèô³÷íèì ðîçòàøóâàííÿì áåíçèëüíèõ ãðóï
ë³ãàíä³â, ÿê³ çíàõîäÿòüñÿ ó áåçïîñåðåäí³é áëèçü-
êîñò³ â³ä ìîëåêóëè ï³ðèäèíó. Çâ’ÿçêè Co–Npy º
ïðàêòè÷íî ïåðïåíäèêóëÿðíèìè äî åêâàòîð³àëü-
íî¿ ïëîùèíè (êóò N12–Co–N12A=179,360). Êî-
îðäèíîâàí³ àòîìè îêñèãåíó ³ í³òðîãåíó àí³îí³â
çíàõîäÿòüñÿ ïðàêòè÷íî ó îäí³é ïëîùèí³, òîä³ ÿê
äëÿ àòîìà êîáàëüòó ñïîñòåð³ãàºòüñÿ íåçíà÷íèé
âèõ³ä ³ç ñåðåäíüîêâàäðàòè÷íî¿ ïëîùèíè O4A, O4,
N1A, N1.

Êîîðäèíàö³ÿ àöèäî³îí³â çä³éñíþºòüñÿ çà
òèïîì, ÿêèé îïèñàíèé äëÿ àíàëîã³÷íèõ êîì-
ïëåêñ³â êîáàëüòó(²²²) [10]. Îáèäâà àí³îíè çíà-
õîäÿòüñÿ ó öèñ-ïîëîæåíí³ ³ óòâîðþþòü ì³æ ñî-
áîþ êîðîòêèé âîäíåâèé çâ’ÿçîê Î1ÀÍ–Î1.
Â³äñòàíü ì³æ âêàçàíèìè àòîìàìè îêñèãåíó äîð-
³âíþº 2,479 Å. Äîâæèíè çâ’ÿçê³â ó àðîìàòè÷íèõ
óãðóïóâàííÿõ ñêëàäàþòü ó ñåðåäíüîìó 1,37–
1,38 Å. Òðîõè íåî÷³êóâàíèìè º äîâæèíè çâ’ÿçê³â
N–C ó ìîëåêóëàõ ï³ðèäèíó. Ö³ çâ’ÿçêè ó «åêðà-
íîâàí³é» ìîëåêóë³ ïðàêòè÷íî ñï³âïàäàþòü, òîä³
ÿê ó äðóã³é ìîëåêóë³ ¿õ ð³çíèöÿ ñêëàäàº á³ëüøå
0,03 Å.

Íåêîîðäèíîâàíà ìîëåêóëà ò³îêàðáàì³äó ìàº
ñòàíäàðòí³ äîâæèíè çâ’ÿçê³â òà âàëåíòí³ êóòè.
Âîíà óòâîðþº âîäíåâ³ çâ’ÿçêè ç íåçâ’ÿçàíèìè

àòîìàìè îêñèãåíó êàðáîêñèëüíèõ ãðóï, âèêîíó-
þ÷è ïðè öüîìó ðîëü ñâîºð³äíîãî ì³ñòî÷êà ì³æ
äâîìà ñóñ³äí³ìè êîìïëåêñíèìè ÷àñòèíêàìè.

Âèñíîâêè

Ñèíòåçîâàíî íîâó ñïîëóêó êîáàëüòó(²²²) ç
îêñèìâì³ñíèì ë³ãàíäîì, à ñàìå 2-ã³äðîêñè³ì³-
íî-3-ôåí³ëïðîï³îíîâîþ êèñëîòîþ. Äîñë³äæåíî
áóäîâó äàíî¿ ñïîëóêè ÿê â òâåðäîìó ñòàí³, òàê ³
â ðîç÷èí³. Íà ï³äñòàâ³ äàíèõ ßÌÐ ñïåêòðîñêîï³¿
çàïðîïîíîâàíî òðè ïàðàëåëüíèõ äèíàì³÷íèõ
ïðîöåñè, ùî â³äáóâàþòüñÿ â ðîç÷èí³ â ä³àïàçîí³
òåìïåðàòóð 163–293 Ê.
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THE STRUCTURE AND BEHAVIOR IN SOLUTION OF A
MIXED-LIGAND COMPLEX OF COBALT(III) WITH
PYRIDINE, 2-HYDROXYIMONO-3-PHENYLPROPIONIC
ACID AND THIOCARBAMIDE

I.V. Raspertova, O.V. Vashchenko, R.D. Lampeka *

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
* e-mail: rostlamp@gmail.com

In this work, a new mixed-ligand cobalt(III) complex with
2-hydroxyimino-3-phenylpropionic acid, pyridine and thiourea was
synthesized and characterized both in solutions and in a solid state.
The behavior of this complex in solution was studied by means of 1H
and 13C 2M-COZY NMR spectroscopy. According to the results of
X-ray diffraction analysis, the cobalt coordination polyhedron is
characterized as a tetragonal bipyramid. Two ligands occupy the
equatorial position and are coordinated via chelate bonds by the
oxygen atom of the carboxyl group and the nitrogen atom of the
oxime group. The ligands are in the cis-position and form a short
hydrogen bond. The axial positions are occupied by the molecules of
pyridine. The molecules of thiourea are uncoordinated and form
hydrogen bonds with unbound oxygen atoms of the carboxyl groups.
The presence of one narrow signal at 19.47 ppm in the 1H-NMR
spectrum of the compound indicates an intra-molecular OH–O
bond in this complex. It is shown that three parallel dynamic processes
are observed in the solution in the temperature range of 163–293 K.

Keywords: coordination compounds; 2-hydroxyimono-
carboxylates; cobalt(III); NMR spectroscopy; X-ray diffraction
study.

REFERENCES

1. Bertini I., Gray H.B., Stiefel E.I., Valentine J.S.,
Biological inorganic chemistry: structure and reactivity. University
Science Books, Sausalito, CA, USA, 2007. 739 p.

2. Kufelnicki A., Tomyn S.V., Moroz Y.S., Haukka M.,
Jaciubek-Rosinska J., Fritsky I.O. Synthesis of cobalt(III)
complexes with new oxime-containing Schiff base ligands and
metal–ligand coordination in solution. Polyhedron, 2012,
vol. 33, pp. 410-416.

3. Jacobsen F.E., Breece R.M., Myers W.K., Tierney D.L.,
Cohen S.M. Model complexes of cobalt-substituted matrix
metalloproteinases:   tools for inhibitor design. Inorganic
Chemistry, 2006, vol. 45, pp. 7306-7315.

4. Rappoport Z., Liebman J., The chemistry of
hydroxylamines, oximes and hydroxamic acids. Wiley, England,
2009. 1040 p.

5. Ramadan A.E., Shaban S.Y., Ibrahim M.M. Synthesis,
characterization, and ascorbic acid oxidase biomimetic catalytic
activity of cobalt(III) oxime complexes. Journal of Coordination
Chemistry, 2011, vol. 64, pp. 3376-3392.

6. Korwar S., Morris B.L., Parikh H.I., Coover R.A.,
Doughty T.W., Love I.M., Hilbert B.J., Royer W.E., Kellogg
G.E., Grossman S.R., Ellis K.C. Design, synthesis, and biological
evaluation of substrate-competitive inhibitors of C-terminal
binding protein (CtBP). Bioorganic & Medicinal Chemistry, 2016,
vol. 24, pp. 2707-2715.

7. Lampeka R., Bergs R., Kramer R., Polborn K., Beck W.
Metallkomplexe mit biologisch wichtigen Liganden, LXIX [1].
Halbsandwichkomplexe von Cobalt(III), Rhodium(III),
Iridium(III) und Ruthenium(II) mit Anionen von -Hydroxyimi-
nosauren [Metal ñomplexes with biological important ligands,
LXIX [1]. Half-sandwich complexes of cobalt(III), rhodium (III),
iridium(III) and ruthenium(II) with anions of -hydroxyimino
Acids]. Zeitschrift fur Naturforschung B, 1994, vol. 49, pp. 225-
232. (in German).

8. Khanderi J., Davaasuren B., Alshankiti B.A.,
Rothenberger A. Tin(II) ketoacidoximates: synthesis, X-ray
structures and processing to tin(II) oxide. Dalton Transactions,
2015, vol. 44, pp. 19820-19828.

9. Lampeka R.D., Uzakbergenova Z.D., Skopenko V.V.
Spectroscopic and X-ray investigation of cobalt(III) complexes
with 2-oximinocarboxylic acids. Zeitschrift fur Naturforschung B,
1993, vol. 48, pp. 409-417.

10. Kilic A., Firat H., Aytar E., Durgun M., Baytak A.K.,
Aslanoglu M., Ulusoy M. Dicobaloxime/organodicobaloximes
bridged by different axial groups: synthesis, characterization,
spectroscopy, and catalysis. Chemical Papers, 2017, vol. 71,
pp. 1705-1720.


