
60

S.P. Zahorulko, Farat O.K., A.V. Mazepa, S.A. Varenichenko, V.I. Markov

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 4, pp. 60-65

© Ñ.Ï. Çàãîðóëüêî, Î.Ê. Ôàðàò, À.Â. Ìàçåïà, Ñ.À. Âàðåíè÷åíêî, Â.². Ìàðêîâ, 2020

ÓÄÊ 547.867.772.1

Ñ.Ï. Çàãîðóëüêî à, Î.Ê. Ôàðàò à, À.Â. Ìàçåïà á, Ñ.À. Âàðåíè÷åíêî à, Â.². Ìàðêîâ à

ÂÇÀªÌÎÄ²ß ÏÎÕ²ÄÍÈÕ 4H-ÕÐÎÌÅÍ-4-²Ì²Í²Â Ç Ã²ÄÐÎÊÑÈËÀÌ²ÍÎÌ

à ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà
á Ô³çèêî-õ³ì³÷íèé ³íñòèòóò ³ì. À.Â. Áîãàòñüêîãî ÍÀÍ Óêðà¿íè, ì. Îäåñà, Óêðà¿íà

Îáìåæåíà ê³ëüê³ñòü ïóáë³êàö³é ç õ³ì³¿ ïîõ³äíèõ õðîìåí-4-³ì³í³â ïîÿñíþºòüñÿ â³äñóò-

í³ñòþ åôåêòèâíèõ ìåòîä³â ¿õ ñèíòåçó. Àâòîðàìè áóëî çàïðîïîíîâàíî îäíîñòàä³é-

íèé ìåòîä ñèíòåçó 4Í-õðîìåí-4-³ì³í³â ïåðåãðóïóâàííÿì 1,3-áåíçîêñàçèí³â ï³ä ä³ºþ

ðåàãåíòó Â³ëüñìàéºðà-Õààêà. Ï³äòâåðäæåíî, ùî àòîì áðîìó ó ïîëîæåíí³ Ñ-6 õðî-

ìåíîâîãî öèêëó íå âïëèâàº íà øâèäê³ñòü ïåðåãðóïóâàííÿ, àëå íàÿâí³ñòü åëåêòðî-

íîàêöåïòîðíî¿ í³òðîãðóïè â àðèëüíîìó çàì³ñíèêó âèõ³äíèõ 1,3-áåíçîêñàçèíàõ âè-

ìàãàº çá³ëüøåííÿ ÷àñó ðåàêö³¿ äî 6 ãîä ³ ï³äâèùåííÿ òåìïåðàòóðè äî 1100Ñ. Äëÿ

ïðîäîâæåííÿ äîñë³äæåíü õ³ì³÷íèõ ïåðåòâîðåíü ñèíòåçîâàíèõ ïðîäóêò³â ïåðåãðóïó-
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îêñàçîë³â â ðåçóëüòàò³ ðåàêö³¿ óòâîðèëèñÿ ïîõ³äí³ 4Í-õðîìåí-4-îí îêñèì³â íåçà-
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Âñòóï
Íà â³äì³íó â³ä ïîõ³äíèõ 3-ôîðì³ëõðîìîí³â,

ÿêèì ïðèñâÿ÷åíî ÷èìàëî ïóáë³êàö³é çàâäÿêè
ìîæëèâîñò³ ñèíòåçó íà ¿õ îñíîâ³ íèçêè ãåòåðî-
öèêë³÷íèõ ñïîëóê [1–4], ïîõ³äí³ 4Í-õðîìåí-4-
³ì³íè º ìàëîâèâ÷åíèìè ñïîëóêàìè. Â ïåðøó ÷åð-
ãó, öå áóëî ïîâ’ÿçàíî ç â³äñóòí³ñòþ çðó÷íîãî
ìåòîäó ¿õ ñèíòåçó. Àâòîðàìè áóëî ðîçðîáëåíî
åôåêòèâíèé îäíîñòàä³éíèé ìåòîä ñèíòåçó 4Í-
õðîìåí-4-³ì³í³â ïåðåãðóïóâàííÿì 1,3-áåíçîêñà-
çèí³â ï³ä âïëèâîì ôîðì³ëþþ÷îãî àãåíòó, ÿêèé ó
ðîáîò³ [5] íàäàíî íà îäíîìó ïðèêëàä³, à ðîçøè-
ðåííÿ ÷èñëà ïðèêëàä³â ïåðåãðóïóâàííÿ íàâåäå-
íî ó ðîáîò³ [6]. Öå äàëî çìîãó äîñë³äèòè ðåöèê-
ë³çàö³þ ñèíòåçîâàíèõ 4Í-õðîìåí-4-³ì³í³â ï³ä
ä³ºþ 1,2-, 1,3- òà 1,4-äè-N-íóêëåîô³ë³â, ó ðåçóëü-
òàò³ ÷îãî õ³ì³ÿ ãåòåðîöèêë³÷íèõ ñïîëóê ïîïîâ-
íèëàñü íîâèìè ïîõ³äíèìè ï³ðàçîë³â, àì³íîï³ðè-
ì³äèí³â òà (áåíçî)ä³àçåï³í³â [6,7]. Äîäàòêîâî íàìè
âñòàíîâëåíî íàÿâí³ñòü àíòèì³êðîáíî¿ àêòèâíîñò³
ñåðåä ïðîäóêò³â ðåöèêë³çàö³¿ [8].

Âðàõîâóþ÷è àêòóàëüí³ñòü ïîïåðåäí³õ ðå-
çóëüòàò³â, ó äàí³é ðîáîò³ íàìè áóëî çä³éñíåíî

ïîäàëüøå äîñë³äæåííÿ âçàºìîä³¿ 4Í-õðîìåí-4-
³ì³í³â ç ã³äðîêñèëàì³íîì.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Âèõ³äí³ ìîäåëüí³ ñïîëóêè 2a–d áóëî ñèí-

òåçîâàíî ðåàêö³ºþ 1,3-áåíçîêñàçèí³â ï³ä ä³ºþ
ôîðì³ëþþ÷îãî àãåíòó çà ìåòîäèêîþ [5,6]  (ñõå-
ìà 1). Êëþ÷îâîþ ñòàä³ºþ ðåàêö³¿ º åëåêòðîô³ëü-
íå ðîçêðèòòÿ îêñàçèíîâîãî öèêëó: ï³ñëÿ óòâî-
ðåííÿ ïðîì³æíî¿ ñîë³ ³ì³äî³ëõëîðèäó, íåïîä³ëå-
íà ïàðà åëåêòðîí³â àòîìó êèñíþ àòàêóº ðîçïó-
øóþ÷ó *-îðá³òàëü çâ’ÿçêó C–N, ùî ïðèçâîäèòü
äî ðîçðèâó öüîãî çâ’ÿçêó ³ óòâîðåííþ ñò³éêîãî
ïðîì³æíîãî îêñîí³éîâîãî ³îíà. Ó ðîáîò³ [9] ïî-
êàçàíî, ùî àòîì áðîìó â ïîëîæåíí³ Ñ-6 íå âïëè-
âàº íà ñò³éê³ñòü ïðîì³æíîãî êàò³îíà ³, ÿê íà-
ñë³äîê, íà øâèäê³ñòü ïåðåá³ãó ðåàêö³¿. Àíàëîã³-
÷íèì ÷èíîì ïîâîäÿòü ñåáå âèõ³äí³ ñïîëóêè 1e,f,
ÿê³ òàêîæ ì³ñòÿòü àòîì áðîìó ó ïîëîæåíí³ Ñ-6
õðîìåíîâîãî öèêëó. Ó òîé æå ÷àñ çà ðàõóíîê
âïëèâó íåãàòèâíîãî ìåçîìåðíîãî åôåêòó í³òðî-
ãðóïè àðèëüíîãî çàì³ñíèêà íà ñòàá³ëüí³ñòü ïðî-
ì³æíîãî ³íòåðìåä³àòó À, ïåðåãðóïóâàííÿ âèìà-
ãàº çá³ëüøåííÿ ÷àñó ðåàêö³¿ äî 6 ãîä òà òåìïåðà-
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òóðè äî 1100Ñ.
Ó ñïåêòð³ ßÌÐ 1Í ³ì³í³â 2å ³ 2f ïðèñóòí³

õàðàêòåðí³ ñèãíàëè àòîì³â âîäíþ 3-ÑÍ õðîìå-
íîâîãî öèêëó 7,35 ³ 7,06 ì.÷. Õ³ì³÷í³ çñóâè àòîì³â
âîäíþ ³ì³íî ãðóïè NH ñòàíîâèòü 8,68 ³ 9,36 ì.÷.,
â³äïîâ³äíî.

Ðåàêö³ºþ 3-ôîðì³ëõðîìîí³â ³ç ã³äðîêñèëà-
ì³íîì îäåðæàíî ïîõ³äí³ ³çîîêñàçîë³â [3,10,11].
Íàìè áóëî âñòàíîâëåíî, ùî âçàºìîä³ÿ 4Í-õðî-
ìåí-4-³ì³í³â ç ã³äðîêñèëàì³íîì â àíàëîã³÷íèõ
óìîâàõ çàì³ñòü ðîçêðèòòÿ ï³ðàí³ëüíîãî öèêëó
ïðèçâîäèòü äî óòâîðåííÿ îêñèì³â 3a–f (ñõåìà 2).
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Ñõåìà 2

Ñòðóêòóðó îäåðæàíèõ ïðîäóêò³â ï³äòâåð-
äæåíî êîìïëåêñîì ñïåêòðàëüíèõ äàíèõ. Ó
ñïåêòð³ ßÌÐ 1Í îêñèì³â 3a–f õàðàêòåðí³ ñèãíà-
ëè àòîì³â âîäíþ ÎÍ ãðóïè ðåçîíóþòü ó ñëàáêî-
ïîëüí³é ÷àñòèí³ ñïåêòðà 11,00–11,26 ì.÷. Ñèã-
íàë ÑÍ-ãðóïè õðîìåíîâîãî öèêëó â³äïîâ³äàº
õ³ì³÷íîìó çñóâó ó ä³àïàçîí³ 7,1–7,5 ì.÷.

Îñê³ëüêè ñïåêòðàëüí³ äàí³ íå ñóïåðå÷èëè
ñòðóêòóð³ ìîæëèâèõ ³çîîêñàçîë³â, òî äëÿ îñòà-
òî÷íîãî âñòàíîâëåííÿ áóäîâè ïðîäóêò³â áóëî
ïðîâåäåíî ðåíòãåíîñòðóêòóðíå äîñë³äæåííÿ, ÿêå
îäíîçíà÷íî ï³äòâåðäèëî óòâîðåííÿ îêñèì³â
(ðèñ. 1).

Â³äñóòí³ñòü ïîäâîºííÿ ñèãíàë³â ó ñïåêòðàõ
ßÌÐ 1Í âêàçóâàëî íà óòâîðåííÿ îäíîãî ³çîìåðó
³ çã³äíî ç äàíèìè ÐÑÄ ï³äòâåðäæåíî óòâîðåííÿ
Å-³çîìåðó.

Ðèñ. 1. Ìîëåêóëÿðíà áóäîâà ñïîëóêè 3ñ çà äàíèìè ÐÑÄ.

Åë³ïñî¿äè òåïëîâèõ êîëèâàíü ïîêàçàíî ç éìîâ³ðí³ñòþ 50%

Óñ³ àòîìè õðîìåíîâîãî öèêëó ëåæàòü ó ïëî-
ùèí³ ç òî÷í³ñòþ 0,02 Å. Ôåí³ëüíèé çàì³ñíèê
ðîçãîðíóòî ùîäî ïëîùèíè ãåòåðîöèêëó (òîð-
ñ³éíèé êóò Ñ(8)–Ñ(7)–Ñ(16)–Ñ(21) –34,7(8)0)
âíàñë³äîê ñòåðè÷íîãî â³äøòîâõóâàííÿ ì³æ àðî-
ìàòè÷íèì çàì³ñíèêîì ³ õ³íîë³íîâèì öèêëîì, íà
ùî âêàçóþòü âíóòð³øíüîìîëåêóëÿðí³ óêîðî÷åí³
êîíòàêòè Í8…Ñ21 2,77 Å ³ Í21…Ñ8 2,78 Å (ñóìà
Âàí-äåð-Âààëüñîâèõ ðàä³óñ³â 2,87 Å [12]). Ã³äðîê-
ñèëüíà ãðóïà º êîïëàíàðíîþ ïëîùèí³ á³öèêëó
(òîðñ³éíèé êóò Ñ(8)–Ñ(9)–N(1)–Î(2) 1,9(7)0)
íåçâàæàþ÷è íà ñòåðè÷íå íàïðóæåííÿ, ÿêå âèÿâ-
ëÿºòüñÿ íà öüîìó ôðàãìåíò³, íà ùî âêàçóþòü
óêîðî÷åí³ êîíòàêòè H(8)…Î(2) 2,34 Å (2,46 Å) ³
H(4)...2,55 Å (2,67 Å).

²çîïðîï³ëüíèé çàì³ñíèê ïðè àòîì³ Ñ(3) íå-
âïîðÿäêîâàíî ïî äâîì ïîëîæåííÿì À ³ Â ç çàñå-
ëåí³ñòþ 50:50% âíàñë³äîê îáåðòàííÿ íàâêîëî
çâ’ÿçêó Ñ(3)–Ñ(10). Íåâïîðÿäêîâàíèé ³çîïðî-
ï³ëüíèé çàì³ñíèê, òàêîæ ÿê ³ ³çîïðîï³ëüíèé çà-
ì³ñíèê ïðè àòîì³ Ñ(1) ðîçãîðíóòî òàêèì ÷èíîì,
ùî àòîìè âîäíþ ïðè òðåòèííèõ àòîìàõ âóãëåöþ
çíàõîäÿòüñÿ ïðàêòè÷íî êîïëàíàðíî ïëîùèí³
õðîìåíîâîãî öèêëó (òîðñ³éí³ êóòè Ñ(2)–Ñ(1)–
C(13)–Í(13) 130, Ñ(2)–Ñ(3)–C(10)–Í(10) –120,
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Ñõåìà 1
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Ñ(2)–Ñ(3)–Ñ(10à)–Í(10à) 1660), ïðè öüîìó óò-
âîðþþòüñÿ àòòðàêòèâí³ âíóòð³øíüîìîëåêóëÿðí³
óêîðî÷åí³ êîíòàêòè Í(2)...H(13) 2,06 Å (2,32 Å) ³
Í(2)...H(10à) 2,13 Å (2,32 Å).

Ó êðèñòàë³ ìîëåêóëè 3ñ óòâîðþþòüñÿ öåíò-
ðîñèìåòðè÷í³ äèìåðè (ðèñ. 2) çà ðàõóíîê ì³æìî-
ëåêóëÿðíîãî âîäíåâîãî çâ’ÿçêó Î(2)–H…N(1)’
(–x, 1–y, –z) (H…N 2,05 Å, N–H…N 1460).

Â³äì³íí³ñòü ó ðåàêö³éí³é çäàòíîñò³ ôîðì³ë-
ïîõ³äíèõ õðîìîí³â òà 4Í-õðîìåí-4-³ì³í³â ç
ã³äðîêñèëàì³íîì ïðè ðÍ>7, íà íàøó äóìêó, ïî-
ÿñíþºòüñÿ á³ëüøîþ ïîëÿðèçàö³ºþ ïîäâ³éíîãî
çâ’ÿçêó Ñ-2–Ñ-3 çàâäÿêè âïëèâó á³ëüø åëåêòðî-
íåãàòèâíîãî àòîìó êèñíþ (ìåæîâà ñòðóêòóðà À),
ùî ³ ïîëåãøóº àòàêó ã³äðîêñèëàì³íó ïî àòîìó
âóãëåöþ Ñ-2, ó òîé ÷àñ ÿê â ³ì³íàõ ëèøå ñèëüí³
íóêëåîô³ëè ìîæóòü àòàêóâàòè äàíå ïîëîæåííÿ
(ìåæîâà ñòðóêòóðà Â) (ñõåìà 3).
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Ñõåìà 3

Ïðîâåäåííÿ ðåàêö³¿ â óìîâàõ, àíàëîã³÷íèõ

ë³òåðàòóðíèì äàíèì ñèíòåçó ³çîîêñàçîë³â [10,11],
êèï’ÿò³ííÿì ñïîëóêè 2à â ï³ðèäèí³ âïðîäîâæ 14
ãîäèí, ïðèâîäèòü äî óòâîðåííÿ îêñèìó 3à. Â
äàíèõ óìîâàõ ðåàêö³¿ ðÍ ñåðåäîâèùà ñòàíîâèòü
ïðèáëèçíî 6, ùî ñïðèÿº ïðîòîíóâàííþ ³ì³íî
ãðóïè, ÿêà ó ïîð³âíÿíí³ ç Ñ=O ãðóïîþ º á³ëüø
ðåàêö³éíîçäàòíîþ, òîìó â 4Í-õðîìåí-4-³ì³íàõ
ïðè êèï’ÿò³íí³ ó ï³ðèäèí³ ïðèºäíàííÿ ã³äðîê-
ñèëàì³íó â³äáóâàºòüñÿ âèêëþ÷íî ïî àòîìó Ñ-4
õðîìåíîâîãî öèêëó.

Òàêèì ÷èíîì, ïîêàçàíî, ùî ïðè âçàºìîä³¿
4Í-õðîìåí-4-³ì³í³â ç ã³äðîêñèëàì³íîì óòâîðþ-
þòüñÿ ïîõ³äí³ îêñèì³â íåçàëåæíî â³ä óìîâ ïðî-
âåäåííÿ ðåàêö³¿. Ó ïîð³âíÿíí³ ç íàøèìè ïîïå-
ðåäí³ìè ðåçóëüòàòè äîâåäåíî, ùî õðîìåíîâèé
öèêë ìîæå ðîçêðèâàòèñÿ ëèøå ï³ä ä³ºþ ñèëüíèõ
íóêëåîô³ë³â, òàêèõ ÿê, ã³äðàçèí ã³äðàò, ò³îñåì³-
êàðáàçèä, î-ôåí³ëåíä³àì³í, åòèëåíä³àì³í òà ãó-
àí³äèí.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñïåêòðè ßÌÐ 1Í ³ 13Ñ çàïèñàíî íà ïðèëàä³

Bruker Avance II 400 (400,13 ³ 100,62 ÌÃö â³äïî-
â³äíî) ó ðîç÷èí³ ÄÌÑÎ-d6, âíóòð³øí³é ñòàíäàðò
ÒÌÑ. Ìàñ-ñïåêòðè îòðèìàíî íà ïðèëàä³ ÌÕ1321
ç âèêîðèñòàííÿì ñèñòåìè ïðÿìîãî ââåäåííÿ
çðàçêà çà òåìïåðàòóðè êàìåðè ³îí³çàö³¿ 2000Ñ ³
åíåðã³¿ ³îí³çóþ÷èõ åëåêòðîí³â 70 åÂ. Ìàñ-ñïåêò-
ðè FAB îòðèìàíî íà ïðèëàä³ VG-7070. Äåñîð-
áö³ÿ ³îí³â ç ðîç÷èíó ó ì-í³òðîáåíçèëîâîìó ñïèðò³
çä³éñíåíà ïó÷êîì àòîì³â àðãîíó ç åíåðã³ºþ 8 êåÂ.
Åëåìåíòíèé àíàë³ç âèêîíàíî íà ïðèëàä³ LECO
CHN-900. Òåìïåðàòóðè ïëàâëåííÿ âèçíà÷åí³ íà
ïðèëàä³ Ò³ëå. Çà õîäîì ðåàêö³¿ ³ ÷èñòîòîþ çðàçê³â
ñòåæèëè ìåòîäîì ÒØÕ íà ïëàñòèíàõ Silica gel
60 F254 (Merck) ó ñèñòåì³ åëþåíò³â õëîðîôîðì-
³çîïðîïèëîâèé ñïèðò, 10:1. Ñïîëóêè 1a–d îäåð-
æàíî çà ìåòîäîì îïèñàíèì ðàí³øå [5,6].

Ñèíòåç 1,3-áåíçîêñàçèí³â 1e-f (çàãàëüíà ìå-
òîäèêà)

Ðîç÷èí 5,8 ã (26,6 ììîëü) 5-áðîì-2-ã³äðîê-
ñèáåíçàì³äó [13], 40,27 ììîëü â³äïîâ³äíîãî êå-
òîíà ³ 13,42 ììîëü ï-TsOH ó 60 ìë î-êñèëîëó
êèï’ÿòÿòü 6–7 ãîä ³ç àçåîòðîïíîþ â³äãîíêîþ âîäè
çà äîïîìîãîþ íàñàäêè Ä³íà-Ñòàðêà. Ðåàêö³éíó
ìàñó îõîëîäæóþòü äî ê³ìíàòíî¿ òåìïåðàòóðè,
îñàä ô³ëüòðóþòü òà î÷èùàþòü êðèñòàë³çàö³ºþ ç
ÌåÎÍ.

6-Áðîì-2-ìåòèë-2-ôåí³ë-2,3-äèã³äðî-4Í-1,3-
áåíçîêñàçèí-4-îí (1e)

Âèõ³ä 5 ã (60%), á³ëèé ïîðîøîê, Òïë 223–
2250Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 9,64 (1Í, ñ, NH);
7,67 (1Í, c, Í-Ar); 7,60–7,58 (1Í, ì, Í-Ar); 7,43–
7,41 (2Í, ì, Í-Ph); 7,30–7,32 (2Í, ì, Í-Ph);
7,23–7,25 (1Í, ì, Í-Ph); 7,05–7,07 (1Í, ì,

Ðèñ. 2. Öåíòðîñèìåòðè÷í³ äèìåðè ìîëåêóëè 3ñ ó êðèñòàë³
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Í-Ar); 1,79 (3Í, ñ, ÑÍ3). 
13Ñ ßÌÐ, d, ì.÷.: 160,7;

154,9; 143,4; 136,9; 129,2; 128,3; 125,5; 119,9; 119,8;
113,5; 89,7; 29,9. Ìàñ-ñïåêòð (FAB), m/z (Iâ³äí,
%): 318 [M(79Br)]+ (97), 320 [M(81Br)]+ (100). Çíàé-
äåíî, %: C 56,41; H 3,73; N 4,32. Ñ15Í12BrNO2.
Ðîçðàõîâàíî, %: C 56,63; H 3,80; N 4,40.

6-Áðîì-2-ìåòèë-2-(4-í³òðîôåí³ë)-2,3-äèã³ä-
ðî-4Í-1,3-áåíçîêñàçèí-4-îí (1f)

Âèõ³ä 6,0 ã (62%), á³ëèé ïîðîøîê, Òïë 209–
2100Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 9,81 (1Í, ñ, NH);
8,19 (2Í, ä, 3J=8,8, Í-3,5 Ar-NO2); 7,70 (2Í, ä,
3J=8,8, Í-2,6 Ar-NO2); 7,63–7,67 (2Í, ì, Í-Ar);
7,12 (1Í, ä, 3J=8,3, Í-Ar); 1,82 (3Í, ñ, ÑÍ3). 

13Ñ
ßÌÐ, , ì.÷.: 160,3; 154,6; 150,4; 147,4; 137,3;
129,2; 127,0; 123,7; 119,9; 119,7; 113,9; 89,3; 29,4.
Ìàñ ñïåêòð (FAB): m/z (Iâ³äí, %): 363 [M(79Br)]+

(27), 365 [M(81Br)]+ (29). Ìàñ-ñïåêòð (EI), m/z
(Iâ³äí, %): 362 [M(79Br)]+ (10), 364 [M(81Br)]+ (11).
Çíàéäåíî, %: C 49,49; H 2,99; N 7,64.
Ñ15Í11BrN2O4. Ðîçðàõîâàíî, %: C 49,61; H 3,05;
N 7,71.

Ñèíòåç ³ì³í³â 2e–f (çàãàëüíà ìåòîäèêà)
Äî ñóñïåíç³¿ âèõ³äíîãî 1,3-áåíçîêñàçèíó

(4,29 ììîëü) äîäàþòü êîìïëåêñ ðåàãåíòó
Â³ëüñìàéºðà-Õààêà (2 ìë ÄÌÔÀ ³ 1,2 ìë POCl3).
Ðåàêö³éíó ñóì³ø íàãð³âàþòü íà ìàñëÿí³é áàí³
âïðîäîâæ 3 (6) ãîä çà òåìïåðàòóðè 110–1200Ñ.
Ï³ñëÿ îõîëîäæåííÿ äî ê³ìíàòíî¿ òåìïåðàòóðè
äîäàþòü 15 ìë 15%-íîãî âîäíîãî ðîç÷èíó NaClO4.
Îñàä ô³ëüòðóþòü, ñóøàòü ³ î÷èùàþòü êèï’ÿò³í-
íÿì ó î-êñèëîë³. Äàë³ îðãàí³÷íèé ïåðõëîðàò ðîç-
÷èíÿþòü ó 5 ìë ÄÌÔÀ, äîäàþòü 2–3 ìë âîäíî-
ãî ðîç÷èíó NaOH ³ íàãð³âàþòü 5–10 õâ. Ðåàê-
ö³éíó ñóì³ø âèëèâàþòü ó âîäó, îñàä ô³ëüòðóþòü
³ î÷èùàþòü êðèñòàë³çàö³ºþ ç MeOH.

6-Áðîì-2-ôåí³ë-4Í-õðîìåí-4-³ì³í (2e)
Âèõ³ä 0,7 ã (55%), ñ³ðèé ïîðîøîê, Òïë 190–

1930Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 8,68 (1Í, ñ, NH);
8,14 (1Í, ä, 3J=8,8, Í-Ar); 7,91 (1Í, ä, 3J=8,8
Í-Ar); 7,75 (1Í, ñ, Í-Ar); 7,70–7,63 (3Í, ì,
Í-Ph); 7,52–7,48 (2Í, ì, Í-Ph); 7,35 (1Í, ñ,
3-ÑÍ). Ìàñ-ñïåêòð (FAB): m/z (Iâ³äí, %): 300
[M(79Br)]+ (96), 302 [M(81Br)]+ (99). Çíàéäåíî, %:
C 50,91; H 3,30; N 4,60. Ñ15Í10BrNO. Ðîçðàõîâà-
íî, %: C 60,02; H 3,36; N 4,67.

6-Áðîì-2-(4-í³òðîôåí³ë)-4Í-õðîìåí-4-³ì³í
(2f)

Âèõ³ä 0,8 ã (54%), ñâ³òëî-áåæåâèé ïîðîøîê,
Òïë 273–2750Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 9,36 (1Í,
ñ, NH); 8,33 (2Í, ä, 3J=8,8, Í-3,5 Ar-NO2); 8,12–
8,14 (2Í, ì, Í-Ar); 7,78 (2Í, ä, 3J=8,8, Í-2,6
Ar-NO2); 7,50 (1Í, ä, 3J=8,3, Í-2,6 Ar); 7,06 (1Í,
ñ 3-ÑÍ). 13Ñ ßÌÐ, , ì.÷.: 159,9; 152,9; 143,5;
138,3; 131,0; 130,9; 128,6; 127,1; 124,5; 123,4; 122,6;

108,8; 103,3. Ìàñ-ñïåêòð (FAB): m/z (Iâ³äí, %):
345 [M(79Br)]+ (30), 347 [M(81Br)]+ (35). Ìàñ-
ñïåêòð (ÅÓ): m/z (Iâ³äí, %): 344 [M(79Br)]+ (23),
346 [M(81Br)]+ (28). Çíàéäåíî, %: C 52,09; H 2,57;
N 8,05. Ñ15Í9BrN2O3. Ðîçðàõîâàíî, %: C 52,20;
H 2,63; N 8,12.

Ñèíòåç îêñèì³â 3a-f (çàãàëüíà ìåòîäèêà)
Äî ñïèðòîâîãî ðîç÷èíó 10,28 ììîëü ã³äðîõ-

ëîðèäó ã³äðîêñèëàì³íó äîäàþòü åêâ³ìîëüíó
ê³ëüê³ñòü MeONa ³ 1,71 ììîëü â³äïîâ³äíîãî ³ì³íó.
Ðåàêö³éíó ñóì³ø êèï’ÿòÿòü 3,5–4 ãîä. Ï³ñëÿ îõî-
ëîäæóþòü äî ê³ìíàòíî¿ òåìïåðàòóðè ³ âèëèâà-
þòü íà ë³ä. Ô³ëüòðóþòü, ïðîìèâàþòü âîäîþ ³
î÷èùàþòü êðèñòàë³çàö³ºþ.

2-Ôåí³ë-4H-õðîìåí-4-îí îêñèì (3a)
Âèõ³ä 0,3 ã (74%), áåçáàðâí³ êðèñòàëè, Òïë

193–1950Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 11,00 (1Í, ñ,
ÎÍ); 7,93–7,92 (2Í, ì, Í-Ar); 7,88 (1Í, ä, 3J=7,8,
Í-Ar); 7,51–7,56 (5Í, ì, Í-Ph); 7,27 (1Í, ò,
3J=7,8, Í-Ar); 7,10 (1Í, ñ, 3-CÍ). 13Ñ ßÌÐ, ,
ì.÷.: 153,4; 151,0; 142,0; 132,1; 130,5; 130,4; 128,9;
126,3; 125,3; 124,7; 122,1; 118,6; 117,6; 106,9; 93,3.
Ìàñ-ñïåêòð (FAB): m/z (Iâ³äí, %): 238 [M+Í]+ (78).
Ìàñ-ñïåêòð (ÅÓ): m/z (Iâ³äí %): 237 [M]+ (97).
Çíàéäåíî, %: C 75,82; H 4,60; N 5,82. Ñ15Í10NO2.
Ðîçðàõîâàíî, %: C 75,94; H 4,67; N 5,90.

2-(4-Í³òðîôåí³ë)-4H-õðîìåí-4-îí îêñèì (3b)
Âèõ³ä 0,4 ã (79%), æîâòèé ïîðîøîê, Òïë 218–

2200Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 11,26 (1Í, ñ, ÎÍ);
8,33 (2Í, ä, 3J=8,8, Í-3,5 Ar-NO2); 8,22 (2Í, ä,
3J=8,8, Í-2,6 Ar-NO2); 7,90 (1Í, ä, 3J=7.3,
Í Ar); 7,53 (1Í, ò, 3J=7,3, Í Ar); 7,46 (1Í, ä,
3J=7,8, Í Ar); 7,32 (1Í, ñ, 3-CÍ); 7,28–7,30 (1Í,
ì, Í Ar). Ìàñ-ñïåêòð (FAB): m/z (Iâ³äí, %): 283
[M+Í]+ (46). Ìàñ-ñïåêòð (ÅÓ): m/z (Iâ³äí, %): 282
[M]+ (99). Çíàéäåíî, %: C 63,70; H 3,50; N 9,84.
Ñ15Í10N2O4. Ðîçðàõîâàíî, %: Ñ 63,83; H 3,57; N
9,92.

6,8-Ä³³çîïðîï³ë-2-ôåí³ë-4H-õðîìåí-4-îí îê-
ñèì (3c)

Âèõ³ä 0,3 ã (55%), ñâ³òëî-æîâòèé ïîðîøîê,
Òïë 209–2100Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 10,87 (1Í,
ñ, ÎÍ); 7,90–7,91 (2Í, ì, Í-Ph); 7,58 (1Í, ñ,
Í-Ar); 7,54–7,52 (3H, ì, H-Ph); 7,27 (1Í, ñ,
Í-Ar); 7,10 (1Í, ñ, 3-CÍ); 3,51 (1Í, ñåïò, 3J=6,8,
ÑÍ(ÑÍ3)2); 2,92 (1Í, ñåïò, 3J=6,8, ÑÍ(ÑÍ3)2);
1,30 (6Í, ä, 3J=6,8, ÑÍ(ÑÍ3)2); 1,21 (6Í, ä, 3J=6,8,
ÑÍ(ÑÍ3)2). 

13Ñ ßÌÐ, , ì.÷.: 153,0; 146,6; 144,5;
142,5; 136,4; 132,5; 130,3; 129,0; 125,6; 125,1; 117,9;
116,4; 92,9; 33,1; 26,8; 23,9; 22,5. Ìàñ-ñïåêòð
(FAB): m/z (Iâ³äí, %): 322 [M+Í]+ (98). Çíàéäåíî,
%: C 78,36; H 7,15; N 4,29. Ñ21Í23NO2. Ðîçðàõî-
âàíî, %: C 78,47; H 7,21; N 4,36.

6,8-Ä³³çîïðîï³ë-2-(4-í³òðîôåí³ë)-4H-õðîìåí-



64

S.P. Zahorulko, Farat O.K., A.V. Mazepa, S.A. Varenichenko, V.I. Markov

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 4, pp. 60-65

4-îí îêñèì (3d)
Âèõ³ä 0,5 ã (71%), ÿñêðàâî-æîâòèé ïîðî-

øîê, Òïë 270–2730Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 11,11
(1Í, ñ, ÎÍ); 8,34 (2Í, ä, 3J=8,8, Í-3,5 Ar-NO2);
8,18 (2Í, ä, 3J=8,8, Í-2,6 Ar-NO2); 7,58 (1Í, ñ,
3-CÍ); 7,30 (2Í, ñ, Í-Ar); 3,53 (1Í, ñåïò, 3J=6,8,
ÑÍ(ÑÍ3)2); 2,93 (1Í, ñåïò, 3J=6,8, ÑÍ(ÑÍ3)2);
1,30 (6Í, ä, 3J=6.8, ÑÍ(ÑÍ3)2); 1,22 (6Í, ä, 3J=6.8,
ÑÍ(ÑÍ3)2). 

13Ñ ßÌÐ, , ì.÷.: 150,8; 147,9; 146,4;
144,8; 142,1; 138,4; 136,5; 126,3; 125,7; 124,0; 117,7;
116,3; 95,7; 33,1; 26,7; 23,8; 22,5. Ìàñ-ñïåêòð
(FAB): m/z (Iâ³äí, %): 367 [M+Í]+ (99). Çíàéäåíî,
%: C 68,73; H 5,99; N 7,58. Ñ21Í22N2O4. Ðîçðàõî-
âàíî, %: Ñ 68,84; H 6,05; N 7,65.

6-Áðîìî-2-ôåí³ë-4H-õðîìåí-4-îí îêñèì (3e)
Âèõ³ä 0,3 ã (46%), æîâòèé ïîðîøîê, Òïë 240–

2430Ñ. 1Í ßÌÐ, , ì.÷. (J, Ãö): 11,20 (1Í, ñ, ÎÍ);
7,89–7,93 (3Í, ì, Í-Ar); 7,49–7,52 (5Í, ì,
H-Ph); 7,10 (1Í, ñ, 3-CÍ). Çíàéäåíî, %: C 56,87;
H 3,12; N 4,35. Ñ15Í10BrNO2. Ðîçðàõîâàíî, %:
C 56,99; H 3,19; N 4,43.

6-Áðîìî-2-(4-í³òðîôåí³ë)-4H-õðîìåí-4-îí
îêñèì (3f)

Âèõ³ä 0,3 ã (48%), æîâòèé ïîðîøîê, Òïë 230–
2330Ñ; 1Í ßÌÐ, , ì.÷. (J, Ãö): 11,08 (1Í, ñ, ÎÍ);
8,33 (2Í, ä, 3J=8,3, Í-3,5 Ar-NO2); 8,21 (2Í, ä,
3J=8,3, Í-2,6 Ar-NO2); 7,88–7,98 (1Í, ì, Í-Ar);
7,49–7,51 (2Í, ì, Í-Ar); 7,02–7,04 (1Í, ì,
Í-Ar); Ìàñ-ñïåêòð (FAB): m/z (Iâ³äí, %): 361
[M(79Br)]+ (24), 363 [M(81Br)]+ (24). Çíàéäåíî, %:
C 49,76; H 2,43; N 7,67. C15H9BrN2O4; Ðîçðàõî-
âàíî, %: C 49,89; H 2,51; N 7,76.

Ðåíòãåíîñòðóêòóðíå äîñë³äæåííÿ ñïîëóêè 3ñ
Êðèñòàëè 3ñ ìîíîêëèíí³ C21H23NO2, ïðè

200Ñ, a=10,357(4) Å, b=15,225(7) Å, c=11,795(7) Å,
=106,71(5)0, V=1781,4(15) Å3, Mr=321,4, Z=4,
ïðîñòîðîâà ãðóïà P21/c, dðîçð=1,198 ã/ñì3,
(MoK)=0,076 ìì–1, F(000)=688. Ïàðàìåòðè
åëåìåíòàðíî¿ êîì³ðêè ³ ³íòåíñèâíîñò³ 11457
â³äîáðàæåíü (3400 íåçàëåæíèõ, Rint=0,094) âèì³-
ðÿíî íà äèôðàêòîìåòð³ «Xcalibur-3» (MoK âèï-
ðîì³íåííÿ, ÑÑD-äåòåêòîð, ãðàô³òîâèé ìîíîõðî-
ìàòîð, -ñêàíóâàííÿ, 2ìàêñ=500). Ñòðóêòóðó ðîç-
øèôðîâàíî ïðÿìèì ìåòîäîì çà äîïîìîãîþ êîì-
ïëåêñó ïðîãðàì SHELXTL [14]. Ïîëîæåííÿ
àòîì³â âîäíþ âèÿâëåíî ç ð³çíîãî ñèíòåçó åëåê-
òðîííî¿ ãóñòèíè ³ óòî÷íåí³ ìåòîäîì ïî ìîäåë³
«íà¿çíèêà» ç U³çî=nUåêâ (n=1,5 äëÿ ã³äðîêñèëüíî¿
³ ìåòèëüíî¿ ãðóïè ³ n=1,2 äëÿ ³íøèõ àòîì³â âîä-
íþ) íåâîäíåâîãî àòîìà, çâ’ÿçàíîãî ç äàíèì âîä-
íåâèì. Ñòðóêòóðó óòî÷íåíî ïî F2 ïîâíîìàòðè-
÷íèì ÌÍÊ ó àí³çîòðîïíîìó íàáëèæåíí³ äëÿ íå-
âîäíåâèõ àòîì³â äî wR2=0,198 ïî 3125 â³äîáðà-
æåííÿì (R1=0,082 ïî 1113 â³äîáðàæåííÿì ç F>4

(F), S=0,943). Êðèñòàëîãðàô³÷í³ ïàðàìåòðè äå-
ïîíîâàí³ ó Êåìáðèäæñüêîìó áàíêó ñòðóêòóðíèõ
äàíèõ (äåïîíåíò CCDC 1988909).
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INTERACTION OF 4H-CHROMEN-4-IMINES WITH
HYDROXYLAMINE
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A limited number of publications on the chemistry of chromene-
4-imine derivatives can be explained by the lack of effective methods
for their synthesis. We developed a one-step method for the synthesis
of 4H-chromene-4-imines by rearrangement of 1,3-benzoxazines
under influence of Vilsmeier-Haack reagent. It was stated that the
bromine atom at the position C-6 of the chromene cycle does not
affect the rate of the rearrangement. However, the presence of an
electron-accepter nitro group in the aryl substituent of the
1,3-benzoxazines requires an increased reaction time of up to 6 h
and an elevated temperature of up to 110°C. To continue the study
of chemical transformations of the synthesized rearrangement products,
the interaction between 4H-chromene-4-imine derivatives and
hydroxylamine was carried out, but 4H-chromene-4-on-derivatives
were formed, instead of the expected opening of chromene cycle with
the formation of isooxazole derivatives. The structure of the products
was confirmed by 1H NMR spectroscopy, mass spectrometry, elemental
analysis and X-ray diffraction analysis.

Keywords: 4H-chromene-4-imines; 4H-chromene-4-one
oximes; hydroxylamine; Vilsmeier-Haack reagent; rearrangement.
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