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Âñòóï

Îñòàíí³ì ÷àñîì ñèíòåçîâàíî çíà÷íó
ê³ëüê³ñòü íîâèõ ïðåäñòàâíèê³â êëàñó N-çàì³ùå-
íèõ 1,4-áåíçîõ³íîíìîíî³ì³í³â, ÿê³ º ãàðíèìè
ñèíòîíàìè äëÿ ñïðÿìîâàíîãî ñèíòåçó íà ¿õ îñ-
íîâ³ á³îëîã³÷íî àêòèâíèõ ñïîëóê. Îäíàê öå ìîæ-
ëèâî çà óìîâè òî÷íîãî óÿâëåííÿ ùîäî âïëèâó
ñòðóêòóðíèõ ³ åëåêòðîííèõ ôàêòîð³â çàì³ñíèê³â
á³ëÿ àòîìà àçîòó íà îñîáëèâîñò³ áóäîâè, ðåàê-
ö³éíî¿ çäàòíîñò³ ³ ìåõàí³çì³â ðåàêö³é. Çíà÷íèé
âêëàä ó âèð³øåííÿ öüîãî ïèòàííÿ íàäàº äîñë³-
äæåííÿ Z,E-³çîìåðèçàö³¿ N-çàì³ùåíèõ 1,4-áåí-
çîõ³íîíìîíî³ì³í³â ³ âèçíà÷åííÿ åíåðã³¿ àêòèâàö³¿
öüîãî ïðîöåñó.

N-Çàì³ùåí³ 1,4-áåíçîõ³íîíìîíî³ì³íè º
ïðåäñòàâíèêàìè êëàñó ³ì³ííèõ ñèñòåì
R1R2C=NX, âèâ÷åííþ ìåõàí³çìó Z,E-³çîìåðè-
çàö³¿ ÿêèõ ïðèñâÿ÷åíî áàãàòî ðîá³ò [1–4].
Z,E-²çîìåðèçàö³ÿ â ³ì³ííèõ ñèñòåìàõ ìîæå
çä³éñíþâàòèñÿ ÷åðåç îáåðòàííÿ íàâêîëî çâ’ÿçêó
C=N, âíàñë³äîê ³íâåðñ³¿ àòîìà àçîòó ÷åðåç
ë³í³éíèé ïåðåõ³äíèé ñòàí, ó ÿêîìó îñòàíí³é º
sp-ã³áðèäèçîâàíèì àáî ç êîìá³íàö³ºþ îáîõ [5].
Òåðìîäèíàì³÷í³ ïàðàìåòðè Z,E-³çîìåðèçàö³¿ çà-

ëåæàòü â³ä áàãàòüîõ ôàêòîð³â, ùî âêëþ÷àþòü
ïðîñòîðîâó áóäîâó ãðóï R1, R2, Õ, ïðèðîäó ðîç-
÷èííèê³â òà âíóòð³øíüî ìîëåêóëÿðí³ åôåêòè çà-
ì³ñíèê³â [1–7].

Ðàí³øå äîñë³äæåíî ïðîöåñè Z,E-³çîìåðè-
çàö³¿ N-[àðèëñóëüôîí³ë³ì³íî(ôåí³ë)ìåòèë]-1,4-
áåíçîõ³íîíìîíî³ì³í³â, ÿê³ ì³ñòÿòü â ñâîºìó ñêëàä³
äâà çâ’ÿçêè C=N, à â õ³íî¿äíîìó ÿäð³ ñèìåòðè-
÷íî ðîçòàøîâàí³ ãðóïè Ìå òà t-Bu. Âñòàíîâëåíî
³íâåðñ³éíèé ìåõàí³çì îáîõ ìîæëèâèõ ïðîöåñ³â
Z,E-³çîìåðèçàö³¿ â³äíîñíî çâ’ÿçê³â C=N [8]. Õà-
ðàêòåðíîþ îñîáëèâ³ñòþ öèõ ñïîëóê º ïðàêòè-
÷íî îäíàêîâèé õàðàêòåð ñïåêòð³â ßÌÐ 1Í â øè-
ðîêîìó ä³àïàçîí³ òåìïåðàòóð â³ä –950Ñ äî +600Ñ.
Çîâñ³ì ³íøà êàðòèíà ñïîñòåð³ãàºòüñÿ ïðè ââå-
äåíí³ äî õ³íî¿äíîãî ÿäðà N-[àðèëñóëüôîí³ë³ì³-
íî(ôåí³ë)ìåòèë]-1,4-áåíçîõ³íîíìîíî³ì³í³â ³çî-
ïðîï³ëüíèõ ãðóï. Âèä ñïåêòðó òàêèõ ñïîëóê çíà÷-
íîþ ì³ðîþ çàëåæèòü â³ä òåìïåðàòóðè ðåºñòðàö³¿.
Ñèãíàëè ìåòèëüíèõ ïðîòîí³â ³çî-ïðîï³ëüíèõ çà-
ì³ñíèê³â âæå ïðè ê³ìíàòí³é òåìïåðàòóð³ òðîõè
ïîøèðåí³, à çíèæåííÿ òåìïåðàòóðè ïðèçâîäèòü
ñïî÷àòêó äî ïîäàëüøîãî ðîçøèðåííÿ öèõ ñèã-
íàë³â, à ïîò³ì – äî ¿õíüîãî ïîä³ëó íà äâà ñèãíà-



76

S.A. Konovalova, A.P. Avdeenko, V.V. Pirozhenko, S.A. Goncharova

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 2, pp. 75-81

ëè ³ç ñï³ââ³äíîøåííÿì ³íòåãðàëüíèõ ³íòåíñèâ-
íîñòåé 1:1, ùî ñâ³ä÷èòü ïðî ïåðåá³ã ïåâíîãî äè-
íàì³÷íîãî ïðîöåñó. Äîñë³äæåííÿ òåìïåðàòóðíî¿
çàëåæíîñò³ ñïåêòð³â ßÌÐ äàíèõ ñïîëóê ðàí³øå
íå ïðîâîäèëîñÿ ³ ¿õ ìîæëèâ³ êîíôîðìàö³éí³ ïå-
ðåòâîðåííÿ íå âèâ÷àëèñÿ.

Ìåòîþ äàíîþ ðîáîòè º âñòàíîâëåííÿ îñîá-
ëèâîñòåé êîíôîðìàö³éíèõ ïåðåòâîðåíü N-[àðèë-
ñóëüôîí³ë³ì³íî(ôåí³ë)ìåòèë]-1,4-áåíçîõ³íîíìî-
íî³ì³í³â, ÿê³ ì³ñòÿòü ³çî-ïðîï³ëüí³ çàì³ñíèêè â
õ³íî¿äíîìó ÿäð³.

Ìåòîäèêà åêñïåðèìåíòó

N-[Àðèëñóëüôîí³ë³ì³íî(ôåí³ë)ìåòèë]-1,4-
áåíçîõ³íîíîìîíî³ì³íè 1a–c, 2a–d îäåðæàíî
îêèñíåííÿì â³äïîâ³äíèõ N-çàì³ùåíèõ ï-àì³íî-
ôåíîë³â òåòðààöåòàòîì ñâèíöþ â åòàíîâ³é êèñ-
ëîò³ çà ìåòîäèêîþ [9]. Õàðàêòåðèñòèêè òà ñïåê-
òðàëüí³ äàí³ õ³íîíîìîíî³ì³í³â 1a–c, 2a–d íàâå-
äåí³ â ðîáîò³ [10].

Ñïåêòðè ßÌÐ 1Í ðåºñòðóâàëèñÿ íà ñïåêò-
ðîìåòð³ ßÌÐ VARIAN VXR-300. Òî÷í³ñòü âèç-
íà÷åííÿ òåìïåðàòóðè ñòàíîâèëà 1 Ê. Êâàíòîâî-
õ³ì³÷í³ ðîçðàõóíêè âèêîíàí³ ç âèêîðèñòàííÿì
ïàêåòó Firefly QC [11], ÿêèé ÷àñòêîâî ́ ðóíòóºòü-
ñÿ íà âèõ³äíîìó êîä³ ïàêåòó GAMESS (US) [12].
Ïîøóê ïåðåõ³äíèõ ñòàí³â çä³éñíþâàâñÿ çà äîïî-
ìîãîþ ñòàíäàðòíî¿ ïðîöåäóðè îïòèì³çàö³¿ ñòðóê-
òóðè. Îïòèì³çàö³¿ îñíîâíèõ òà ìîæëèâèõ ïåðå-
õ³äíèõ ñòàí³â çà âñ³ìà ãåîìåòðè÷íèìè ïàðàìåò-
ðàìè âèêîíàí³ ìåòîäîì DFT (B3LYP) ç âèêîðè-
ñòàííÿì áàçèñíîãî íàáîðó 6-31+G(d).

Ðåçóëüòàòè òà îáãîâîðåííÿ

Àíàë³ç ñïåêòð³â ßÌÐ 1Í ³ 13Ñ N-[àðèëñóëü-
ôîí³ë³ì³íî(ôåí³ë)ìåòèë]-1,4-áåíçîõ³íîíîìî-
íî³ì³í³â 1a–c (ñõåìà 1) âèÿâëÿº, ùî ïðîòîíè Í2,6

³ Í3,5 ³ àòîìè âóãëåöþ Ñ2,6 ³ Ñ3,5 õ³íîí³ì³ííîãî
ôðàãìåíòà íåçàì³ùåíèõ ³ ñèìåòðè÷íî çàì³ùå-
íèõ ó õ³íî¿äíîìó ÿäð³ ñïîëóê 1a–c ïðè ê³ìíàòí³é
òåìïåðàòóð³ ïðîÿâëÿþòüñÿ â ñïåêòðàõ ßÌÐ 1Í ³
13Ñ îäíèì ñèãíàëîì ³ º ïîïàðíî åêâ³âàëåíòíèìè
[8]. Çä³éñíåí³ ìåòîäîì äèíàì³÷íî¿ ñïåêòðîñêîï³¿
ßÌÐ 1Í äîñë³äæåííÿ ïîêàçàëè, ùî íåçàëåæíî
â³ä òåìïåðàòóðè ðåºñòðàö³¿ ñïåêòð³â (–950Ñ…+600Ñ)
ïðîòîíè ãðóï R1 òà R2 ó íåçàì³ùåíèõ òà ñèìåò-
ðè÷íî çàì³ùåíèõ ó ïîëîæåííÿõ 2 òà 6 õ³íî¿äíî-
ãî ÿäðà õ³íîí³ì³í³â 1a–c õàðàêòåðèçóþòüñÿ îä-
íèì çàãàëüíèì äëÿ êîæíî¿ ïàðè íàáîðîì äîñèòü
âóçüêèõ ñèãíàë³â. Çíèæåííÿ òåìïåðàòóðè ðåºñò-
ðàö³¿ ñïåêòð³â öèõ ñïîëóê äî –600Ñ (ðîç÷èíè â
CDCl3) ïðèâîäèòü ëèøå äî íåçíà÷íîãî ¿õ ðîç-
øèðåííÿ. Ïîä³ë ñèãíàë³â ó êîæí³é ïàð³ íå ñïî-
ñòåð³ãàºòüñÿ ³ ïðè òåìïåðàòóðàõ íèæ÷å –900Ñ
(ðîç÷èíè â CD2Cl2).
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Ñõåìà 1

1: R1=R2=Í (a), R1=H, R2=Me (b), R1=Me, R2=H (ñ);

2: R1=R4=i-Pr, R2=R3=H (a), R1=i-Pr, R2=R4=H, R3=Me (b),

R1=Me, R3=i-Pr, R2=R4=H (c), R1=i-Pr, R2=R4=Br, R3=Me (d)

Ó âèïàäêó õ³íîìîíî³ì³íó 2à, ùî ì³ñòèòü ó
ïîëîæåííÿõ 2 ³ 6 õ³íî¿äíîãî ÿäðà ³çî-ïðîï³ëüí³
ãðóïè, âèä ñïåêòðó ³ñòîòíî çàëåæèòü â³ä òåìïå-
ðàòóðè ðåºñòðàö³¿. Ñèãíàëè ìåòèëüíèõ ïðîòîí³â
³çî-ïðîï³ëüíèõ çàì³ñíèê³â âæå ïðè ê³ìíàòí³é
òåìïåðàòóð³ äåùî ðîçøèðåí³, à çíèæåííÿ òåì-
ïåðàòóðè ïðèçâîäèòü ñïî÷àòêó äî ïîäàëüøîãî
ðîçøèðåííÿ öèõ ñèãíàë³â, à ïîò³ì ³ äî ¿õ ïîä³ëó
íà äâà ñèãíàëè ³ç ñï³ââ³äíîøåííÿì ³íòåãðàëü-
íèõ ³íòåíñèâíîñòåé 1:1, ùî ñâ³ä÷èòü ïðî ïåðåá³ã
ïåâíîãî äèíàì³÷íîãî ïðîöåñó. Ôîðìà ë³í³¿ ñèã-
íàë³â ³íøèõ ïðîòîí³â (çîêðåìà ñèãíàë³â õ³íî¿ä-
íèõ ïðîòîí³â ³ ñèãíàë³â ìåòèëüíèõ ïðîòîí³â ³çî-
ïðîï³ëüíèõ çàì³ñíèê³â) çàëèøàºòüñÿ ïðè öüîìó
ïðàêòè÷íî íåçì³ííîþ.

Ìåòîäîì äèíàì³÷íîãî ßÌÐ 1Í íàìè âèâ-
÷åí³ íåñèìåòðè÷íî çàì³ùåí³ õ³íîíîìî¿í³íè 2b,
c, ùî ì³ñòÿòü â õ³íî¿äíîìó ÿäð³ íà ðÿäó ç ìå-
òèëüíîþ ãðóïîþ îäíó ³çî-ïðîï³ëüíó ãðóïó. Çàç-
íà÷èìî, ùî íàÿâí³ñòü ëèøå îäíîãî çàì³ñíèêà â
5-ïîëîæåíí³ õ³íî¿äíîãî ê³ëüöÿ (Ìå àáî i-Pr)
ïðèâîäèòü äî ðåºñòðàö³¿ â ñïåêòðàõ ßÌÐ 1Í ëèøå
Å-³çîìåðó â³äíîñíî çàì³ñíèêà â 5-ïîëîæåíí³.
Çíèæåííÿ òåìïåðàòóðè ðåºñòðàö³¿ ñïåêòð³â ñïî-
ëóê 2b, c ÿê ³ ó ðàç³ õ³íîí³ì³íó 2à ïðèâîäèòü äî
ðîçøèðåííÿ òà ïîäàëüøîãî ïîäâîºííÿ ñèãíàë³â
ìåòèëüíèõ ãðóï ³çî-ïðîï³ëüíîãî ôðàãìåíòà ó
ñï³ââ³äíîøåíí³ 1:1.

Ó ðàç³ íåñèìåòðè÷íî çàì³ùåíîãî õ³íîí³ì³-
íó 2d, ùî ì³ñòèòü ³çî-ïðîï³ëüíó ãðóïó â ïîëî-
æåíí³ 6, ìåòèëüíó ãðóïó â ïîëîæåíí³ 3 ³ àòîìè
áðîìó â ïîëîæåííÿõ 2 ³ 5 õ³íî¿äíîãî ÿäðà, âæå
ïðè ê³ìíàòí³é òåìïåðàòóð³ ñïîñòåð³ãàºòüñÿ äâà
ñèãíàëè ìåòèëüíèõ ïðîòîí³â ó ñï³ââ³äíîøåíí³
1:1, ÿê³ ïðè íàãð³âàíí³ íå çàçíàâàëè æîäíèõ çì³í.
Âðàõîâóþ÷è, ùî â ö³é ñïîëóö³ â ïîëîæåííÿõ 3 ³
5 çíàõîäÿòüñÿ äîñèòü îá’ºìí³ çàì³ñíèêè (Br ³ Ìå),
ìîæíà ïðèïóñòèòè, ùî ïðè÷èíîþ öüîãî ÿâèùà
º çàãàëüìîâàíå îáåðòàííÿ îá’ºìíîãî çàì³ñíèêà
ArSO2N2=C(Ph)– á³ëÿ àòîìà àçîòó N1. Âíàñë³-
äîê çàãàëüìîâàíîãî îáåðòàííÿ íàâêîëî çâ’ÿçêó
=N1–Ñ= ä³àñòåðåîòîïí³ ìåòèëüí³ ãðóïè, ùî ðîç-
ãëÿäàþòüñÿ, ñòàþòü ìàãí³òíî-íååêâ³âàëåíòíèìè.
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Ðèñ. 1. Åêñïåðèìåíòàëüí³ (ë³âîðó÷) òà òåîðåòè÷í³ (ïðàâîðó÷) ñïåêòðè ìåòèëüíèõ ïðîòîí³â ³çî-ïðîï³ëüíèõ

ãðóï áåíçîõ³íîí³ì³íó 2à ïðè ð³çíèõ òåìïåðàòóðàõ
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Ìåòîäîì àíàë³çó ïîâíî¿ ôîðìè ë³í³¿ ó ñïåê-
òðàõ ßÌÐ 1Í íàìè ðîçðàõîâàí³ êîíñòàíòè øâèä-
êîñò³ äèíàì³÷íîãî ïðîöåñó â ñïîëóêàõ 2a–d ïðè
ð³çíèõ òåìïåðàòóðàõ (ðèñ. 1) òà íà ¿õ îñíîâ³ âèç-
íà÷åí³ àêòèâàö³éí³ òåðìîäèíàì³÷í³ ïàðàìåòðè
(òàáë. 1).

ßê âèäíî ç äàíèõ òàáë. 1, çá³ëüøåííÿ îá’ºìó
çàì³ñíèê³â ó ïîëîæåíí³ 5 õ³íîí³ì³ííîãî ÿäðà
ïðèâîäèòü äî çðîñòàííÿ áàð’ºðó àíàë³çîâàíîãî
ïðîöåñó. Ó ðàç³ íàÿâíîñò³ îá’ºìíèõ çàì³ñíèê³â ó
ïîëîæåííÿõ 3 ³ 5 õ³íî¿äíîãî ÿäðà õ³íîíîìî¿ì³íó
2d ïåðåá³ã öüîãî ïðîöåñó ñòàº íåìîæëèâèì. Íà
ï³äñòàâ³ öüîãî ìîæíà ïðèïóñòèòè, ùî îòðèìàí³
çíà÷åííÿ àêòèâàö³éíèõ òåðìîäèíàì³÷íèõ ïàðà-
ìåòð³â ñïîëóê 2a–d â³äïîâ³äàþòü äèíàì³÷íîìó
ïðîöåñó îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–Ñ=.

Ç ìåòîþ ï³äòâåðäæåííÿ öüîãî âèñíîâêó
ìåòîäîì DFT ³ç çàñòîñóâàííÿì ôóíêö³îíàëó
B3LYP áóëè âèêîíàí³ ïîâí³ îïòèì³çàö³¿ îñíîâ-
íèõ (ÎÑ) òà ìîæëèâèõ ïåðåõ³äíèõ ñòàí³â (ÏÑ),

ÿê³ â³äïîâ³äàþòü ïåðåõ³äíèì ñòàíàì ïðîöåñó
îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–C=. Ðîçðàõóí-
êè áóëî âèêîíàíî íà ïðèêëàä³ õ³íîí³ì³í³â 1a–c,
ÿê³ ìîæíà ââàæàòè ìîäåëüíèìè äëÿ äàíîãî êëà-
ñó ñïîëóê, ³ äëÿ ÿêèõ ðàí³øå áóëî âèçíà÷åíî
áàð’ºðè Z,E-³çîìåðèçàö³¿ [8].

Ïðîâåäåí³ ðîçðàõóíêè ïîêàçàëè íàÿâí³ñòü
òðüîõ îñíîâíèõ ñòàí³â: ÎÑ1 ³ ÎÑ1', â³äïîâ³äíèõ
Å-³çîìåðó ç àíòè-ðîçòàøóâàííÿì ôðàãìåíò³â
PhSO2 ³ Ph ïî â³äíîøåííþ äî ïîäâ³éíîãî çâ’ÿç-
êó C=N2, ³ ÎÑ2, ÿêèé â³äïîâ³äàº Z-³çîìåðó ç ñèí-
ðîçòàøóâàííÿì ôðàãìåíò³â PhSO2 ³ Ph çà â³äíî-
øåííÿì äî ïîäâ³éíîãî çâ’ÿçêó C=N2 (ðèñ. 2).
Îñíîâíà â³äì³íí³ñòü ñòàí³â ÎÑ1 òà ÎÑ1' ïîëÿãàº
â ð³çíîìó ðîçòàøóâàíí³ àðèëñóëüôîí³ëüíîãî
ôðàãìåíòó, ð³çíèöÿ åíåðã³é (E1) öèõ ñòàí³â ñòà-
íîâèòü â³ä 5,61 äî 10,95 êÄæ/ìîëü (òàáë. 2). Íà-
äàë³ ïðè ðîçðàõóíêó åíåðãåòè÷íèõ áàð’ºð³â êîí-
ôîðìàö³éíèõ ïåðåòâîðåíü, ÿê³ îö³íþâàëèñÿ ÿê
ð³çíèöÿ åíåðã³é â³äïîâ³äíèõ ïåðåõ³äíèõ òà îñ-

Сполука Розчинник H

, кДж/моль S


, Дж/мольК G



298, кДж/моль k298, с
–1 

Температурний 

інтервал Т, К 

Число 

точок, n 

2a CDCl3 62,81,3 7,14,6 60,7 143,5 261–312 10 

2b CDCl3 60,01,0 –8,33,3 62,5 68,5 256–324 12 

2c CDCl3 63,91,1 –2,13,7 64,5 30,0 268–324 11 

2d DMSO-D6 – – >100 0 293–423  

 

Òàáëèöÿ 1

Àêòèâàö³éí³ òåðìîäèíàì³÷í³ ïàðàìåòðè ïðîöåñó îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–Ñ= â áåíçîõ³íîíìîíî³ì³íàõ 2a–d

Ðèñ. 2. Îñíîâí³ ñòàíè ÎÑ1, ÎÑ1' (E-³çîìåð) òà ÎÑ2 (Z-³çîìåð) õ³íîíîìîíî³ì³íó 1ñ

Òàáëèöÿ 2

Åíåðã³¿ îñíîâíèõ ñòàí³â õ³íîíîìîíî³ì³í³â 1a–c*

* – Ïðèì³òêà: E1=Å(ÎÑ1’)–Å(ÎÑ1); E2=Å(ÎÑ2)–Å(ÎÑ1).

Сполука ОС1, ат.од. ОС1
’, ат.од. E1, кДж/моль ОС2, ат.од. E2, кДж/моль 

1a –1465,745917 –1465,743502 6,34 –1465,740975 12,98 

1b –1544,390856 –1544,388719 5,61 –1544,385723 13,48 

1c –1544,385314 –1544,381145 10,95 –1544,376793 22,37 
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íîâíèõ ñòàí³â, íàìè áóëî âèêîðèñòàíî îñíîâ-
íèé ñòàí ÎÑ1, ÿêèé â³äïîâ³äàº ãëîáàëüíîìó
ì³í³ìóìó åíåðã³¿.

Ïðè ïîøóêó ìîæëèâèõ ïåðåõ³äíèõ ñòàí³â
áóëî âèÿâëåíî íàÿâí³ñòü äâîõ äîñèòü âèñîêî
ëåæà÷èõ ïåðåõ³äíèõ ñòàí³â ÏÑ1 ³ ÏÑ2 (ðèñ. 3),
îñîáëèâ³ñòþ ÿêèõ º ðîçòàøóâàííÿ çâ’ÿçêó –Ñ=N2

â îäí³é ïëîùèí³ ç õ³íîí³ì³ííèì ôðàãìåíòîì.
Àíàë³ç ñòðóêòóð ïåðåõ³äíèõ ñòàí³â ÏÑ1 òà ÏÑ2

äîçâîëÿº â³äíåñòè ¿õ äî ïåðåõ³äíèõ ñòàí³â, ùî
â³äïîâ³äàþòü ïðîöåñó îáåðòàííÿ íàâêîëî çâ’ÿç-
êó =N1–C=. Ñë³ä çàçíà÷èòè, ùî ïåðåõ³äíèé ñòàí
ÏÑ1 ìàº ìåíøó åíåðã³þ, í³æ ïåðåõ³äíèé ñòàí
ÏÑ2 (òàáë. 3), ³ â³äð³çíÿºòüñÿ â³ä ñòàíó ÏÑ2 ðîç-
òàøóâàííÿì ôåí³ëüíèõ ê³ëåöü ³ ìåíøîþ âåëè-
÷èíîþ âàëåíòíîãî êóòà Ñ=N1–C: 129,8–138,020

ïðîòè ÏÑ2 139,40–139,210.
Çã³äíî ç âèêîíàíèìè ðîçðàõóíêàìè âåëè-

÷èíà áàð’ºðà îáåðòàííÿ íàâêîëî çâ’ÿçêó
=N1–C= (E3, E4) õ³íîíîìîíî³ì³í³â 1a, c, ùî
íå ìàþòü çàì³ñíèê³â ó ïîëîæåííÿõ 3 ³ 5 õ³íî¿ä-
íîãî ÿäðà, ïåðåâèùóº 50 êÄæ/ìîëü (òàáë. 3), ùî
òåîðåòè÷íî äîçâîëÿº çàðåºñòðóâàòè éîãî ìåòî-
äàìè ñïåêòðîñêîï³¿ ßÌÐ 1Í, àëå âíàñë³äîê ñè-
ìåòðè÷íî¿ áóäîâè öèõ ñïîëóê ïðîöåñ íå ïðîÿâ-
ëÿºòüñÿ ó ñïåêòðàõ ßÌÐ 1Í. Äëÿ 3,5-äèìåòèëçà-
ìåùåíîãî õ³íîíîìîíî³ì³íó 1b âåëè÷èíà áàð’ºðà

îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–C= (E3, E4)
ïåðåâèùóº 100 êÄæ/ìîëü (òàáë. 3), ùî òàêîæ íå
äîçâîëÿº çàðåºñòðóâàòè éîãî ìåòîäàìè ñïåêòðî-
ñêîï³¿ ßÌÐ. Âèñîêå çíà÷åííÿ áàð’ºðó õ³íîíî-
ìî³ì³íó 1b (ïîíàä 100 êÄæ/ìîëü) îáóìîâëåíî
íåìîæëèâ³ñòþ îáåðòàííÿ íàâêîëî çâ’ÿçêó
=N1–Ñ= ÷åðåç ñòåðè÷í³ ïåðåøêîäè.

Ìîæëèâ³ñòü çàðåºñòðóâàòè ïðîöåñ îáåðòàí-
íÿ íàâêîëî çâ’ÿçêó =N1–C= ç’ÿâëÿºòüñÿ ëèøå ó
ðàç³ íàÿâíîñò³ ó õ³íî¿äíîìó ÿäð³ ä³àñòåðåîòîïíèõ
çàì³ñíèê³â ó õ³íîíîìîíî³ì³íàõ 2a–d (òàáë. 1).

Îòðèìàí³ òåîðåòè÷í³ çíà÷åííÿ áàð’ºðó îáåð-
òàííÿ íàâêîëî çâ’ÿçêó =N1–C= ñïîëóê 1a–c
(òàáë. 3) º áëèçüêèìè äî åêñïåðèìåíòàëüíèõ äà-
íèõ, ïðåäñòàâëåíèõ ó òàáëèö³ 1 äëÿ õ³íîíìî-
íî³ì³í³â 2a–d. Ââåäåííÿ çàì³ñíèê³â ó ïîëîæåí-
íÿ 3 àáî 5 õ³íî¿äíîãî ÿäðà ï³äâèùóº áàð’ºð îáåð-
òàííÿ íàâêîëî çâ’ÿçêó =N1–C= ó õ³íîíîìîíî³-
ì³íàõ 2a–c ïîð³âíÿíî ç õ³íîíîìîíî³ì³íàìè 1a,
b, à íàÿâí³ñòü îá’ºìíîãî çàì³ñíèêà â ïîëîæåíí³
5 õ³íî¿äíîãî ÿäðà â õ³íîí³ì³í³ 2d ðîáèòü ïðîöåñ
îáåðòàííÿ íåìîæëèâèì.

Íà ï³äñòàâ³ íàâåäåíèõ ðåçóëüòàò³â ìîæíà
çðîáèòè âèñíîâîê, ùî åêñïåðèìåíòàëüí³ çíà÷åí-
íÿ òåðìîäèíàì³÷íèõ ïàðàìåòð³â, íàäàí³ ó òàáë. 1,
â³äïîâ³äàþòü ïðîöåñó àòðîïî³çîìåð³¿ – îáåðòàí-
íþ íàâêîëî çâ’ÿçêó =N1–C=.

Òàáëèöÿ 3

Åíåðã³¿ ïåðåõ³äíèõ ñòàí³â òà òåîðåòè÷í³ áàð’ºðè àêòèâàö³¿ çàãàëüìîâàíîãî îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–Ñ=
õ³íîíîìîíî³ì³í³â 1a–c*

* – Ïðèì³òêà: E3=Å(ÏÑ1)–Å(ÎÑ1); E4=Å(ÏÑ2)–Å(ÎÑ1).

Сполука ПС1, ат.од. E3, кДж/моль ПС2, ат.од. E4, кДж/моль 

1a –1465,725222 54,33 –1465,715462 79,96 

1b –1544,370257 54,08 –1544,360753 79,04 

1c –1544,3464712 101,98 –1544,326366 154,77 

 

Ðèñ. 3. Ïåðåõ³äí³ ñòàíè ÏÑ1 ³ ÏÑ2, ùî â³äïîâ³äàþòü ïðîöåñó îáåðòàííÿ íàâêîëî çâ’ÿçêó =N1–C= ó õ³íîíîìîíî³ì³í³ 1ñ
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Òàêèì ÷èíîì, äëÿ N-[àðèëñóëüôîí³ë³ì³íî(-
ôåí³ë)ìåòèë]-1,4-áåíçîõ³íîíîìîíî³ì³í³â çà íà-
ÿâíîñò³ çàì³ñíèê³â ó ïîëîæåíí³ 3(5) õ³íî¿äíîãî
ÿäðà íàìè âèÿâëåíî íîâèé âèä àòðîïî³çîìåð³¿
N-çàì³ùåíèõ 1,4-áåíçîõ³íîíîìîíî³ì³í³â.

Âèñíîâêè

Âñòàíîâëåíî, ùî ó ðîç÷èíàõ N-[àðèëñóëü-
ôîí³ë³ì³íî(ôåí³ë)ìåòèë]-1,4-áåíçîõ³íîíìî-
íî³ì³í³â îäíî÷àñíî ç ïðîöåñàìè Z,E-³çîìåðèçàö³¿
â³äíîñíî çâ’ÿçê³â Ñ=N ³ñíóº àòðîïî³çîìåð³ÿ –
çàãàëüìîâàíå îáåðòàííÿ íàâêîëî çâ’ÿçêó
=N1–C=. Öåé ïðîöåñ ìîæå áóòè âèÿâëåíèé
ò³ëüêè çà íàÿâíîñò³ ó õ³íî¿äíîìó ÿäð³ ä³àñòåðåî-
òîïíî¿ ³çî-ïðîï³ëüíî¿ ãðóïè. Çà äîïîìîãîþ êâàí-
òîâî-õ³ì³÷íèõ ðîçðàõóíê³â äîâåäåíî, ùî âèçíà-
÷åí³ åêñïåðèìåíòàëüí³ àêòèâàö³éí³ òåðìîäè-
íàì³÷í³ ïàðàìåòðè â³äïîâ³äàþòü çàãàëüìîâàíî-
ìó îáåðòàííþ íàâêîëî çâ’ÿçêó =N1–C=.
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CONFORMATIONAL TRANSFORMATION OF N-
[ARYLSULFONYLIMINO(PHENYL)METHYL]-1,4-
BENZOQUINONEMONOIMINES

S.A. Konovalova a, A.P. Avdeenko a, *, V.V. Pirozhenko b,
S.A. Goncharova c

a Donbass State Engineering Academy, Kramatorsk, Ukraine
b Institute of Organic Chemistry, NAS of Ukraine, Kyiv,
Ukraine

c Sumy State University, Sumy, Ukraine
* e-mail: chimist@dgma.donetsk.ua

It was established that in the solutions of N-
[arylsulfonylimino(phenyl)methyl]-1,4-benzoquinonemonoimines
there are both Z,E-isomerization relative to C=N bonds and
atropoisomerism (inhibited rotation around the =N1–C= bond).
The latter can be detected when there are the diastereotopic
isopropyl groups in the quinoid ring. The rate constants of this
process were calculated by the method of analysis of the full line
in the 1H NMR spectra. Activation thermodynamic parameters
were determined on their basis. With the help of quantum-
chemical calculations, we proved that the determined experimental
barriers corresponded exactly to the inhibited rotation around
the bond =N1–C=.

Keywords: Z,E-isomerization; quantum chemical
calculation; DFT B3LYP; NMR spectroscopy; 1,4-benzoquinone
imine; atropoisomerism.
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