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Äîñë³äæåíî ðåàêö³þ âçàºìîä³¿ 4,5-äèãàëîãåíî- òà 4,5-äèí³òðîçàì³ùåíèõ íàôòàëå-

âèõ àíã³äðèä³â ç îðòî-ôåí³ëåíä³àì³íîì ç óòâîðåííÿì â³äïîâ³äíèõ äèçàì³ùåíèõ

áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â. Âèõ³äí³ 4,5-äèçàì³ùåí³ íàôòà-

ëåâ³ àíã³äðèäè ñèíòåçîâàí³ îêèñëåííÿì 5,6-äèçàì³ùåíèõ àöåíàôòåí³â íàòð³é á³õðî-

ìàòîì â áåçâîäí³é îöòîâ³é êèñëîò³. Âñòàíîâëåíî, ùî ïðè ïðîâåäåíí³ ðåàêö³¿ äèçà-

ì³ùåíèõ íàôòàëåâèõ àíã³äðèä³â ç îðòî-ôåí³ëåíä³àì³íîì â õëîðîáåíçåí³, äèìåòèë-

ñóëüôîêñèä³, äèìåòèëôîðìàì³ä³ àáî åòàíîë³ ñïîñòåð³ãàºòüñÿ óòâîðåííÿ çíà÷íèõ

ê³ëüêîñòåé ïîá³÷íîãî ïðîäóêòó çàì³ùåííÿ àòîìà ãàëîãåíó ÷è í³òðîãðóïè íà àðèëà-

ì³íîãðóïó, òîä³ ÿê âèêîðèñòàííÿ ÿê ðîç÷èííèêà îöòîâî¿ êèñëîòè äîçâîëÿº îäåðæà-

òè 3,4-äèçàì³ùåí³ áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíè áåç ïîá³÷íèõ

ïðîäóêò³â ç âèõîäàìè 90–95%. Ïîêàçàíî, ùî àòîìè ãàëîãåíó àáî í³òðîãðóïè â ñèí-

òåçîâàíèõ ñïîëóêàõ ìîæíà çàì³ñòèòè íà îêñèãåíî- òà í³òðîãåíîâì³ñí³ åëåêòðîííî-

äîíîðí³ çàì³ñíèêè ç îäåðæàííÿì ëþì³íîôîð³â, ùî ìàþòü á³ëüø äîâãîõâèëüîâ³ ìàê-

ñèìóìè âèïðîì³íþâàííÿ. Ñòðóêòóðà îäåðæàíèõ ñïîëóê ï³äòâåðäæåíà çà äîïîìî-

ãîþ åëåìåíòíîãî àíàë³çó, ìàñ-ñïåêòðîìåòð³¿, ²× òà ßÌÐ 1Í ñïåêòðîñêîï³¿. Âñòà-

íîâëåíî, ùî ìàêñèìóìè ïîãëèíàííÿ òà ëþì³íåñöåíö³¿ 3,4-äèçàì³ùåíèõ

áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â çì³ùåí³ áàòîõðîìíî íà 15–30 íì,

à ìîëÿðíèé ïîêàçíèê ïîãëèíàííÿ á³ëüøèé â ï³âòîðà ðàçè ó ïîð³âíÿíí³ ç â³äïîâ³ä-

íèìè ìîíîçàì³ùåíèìè ïîõ³äíèìè.

Êëþ÷îâ³ ñëîâà: íàôòàëåâèé àíã³äðèä, îðòî-ôåí³ëåíä³àì³í, áåíçî[de]áåíçî[4,5]-

³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíè, àöåíàôòåí, ëþì³íåñöåíö³ÿ.
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Âñòóï
Ïðîäóêòè êîíäåíñàö³¿ íåçàì³ùåíîãî òà

4-ìîíîçàì³ùåíèõ íàôòàëåâèõ àíã³äðèä³â ç îðòî-
ôåí³ëåíä³àì³íîì (áåíçî[de]áåíçî[4,5]³ì³äàçî-
[2,1-a]³çîõ³íîë³í-7-îíè) âèêîðèñòîâóþòüñÿ ÿê
ëþì³íîôîðè, ùî ³íòåíñèâíî ôëóîðåñö³þþòü â
ðîç÷èíàõ ³ â òâåðäîìó ñòàí³. Òàê³ ðå÷îâèíè çíàé-
øëè çàñòîñóâàííÿ ÿê ôëóîðåñöåíòí³ çîíäè ïðè
âèð³øåíí³ ð³çíîìàí³òíèõ ìåäèêî-á³îëîã³÷íèõ
çàâäàíü [1], ÿê àíàë³òè÷í³ ðåàãåíòè äëÿ ôëóîðè-
ìåòðè÷íîãî âèçíà÷åííÿ ³îí³â [2–4], â ëþì³íåñ-
öåíòí³é äåôåêòîñêîï³¿ òà äëÿ íàäàííÿ ëþì³íåñ-
öåíòíîãî çàáàðâëåííÿ ð³çíîìàí³òíèì ïîë³ìåðàì
[5].

Ââåäåííÿ äðóãîãî çàì³ñíèêà â íàôòàë³íî-
âèé ôðàãìåíò äàíèõ ñïîëóê ïîâèííå ïðèçâåñòè
äî ïîãëèáëåííÿ êîëüîðó òà çá³ëüøåííÿ ³íòåí-
ñèâíîñò³ ôëóîðåñöåíö³¿ ëþì³íîôîð³â äàíîãî

ðÿäó, ÿê áóëî ïîêàçàíî ðàí³øå íà ïðèêëàä³ 4,5-
äèçàì³ùåíèõ N-àëê³ëíàôòàë³ì³ä³â [6]. Îäíàê
äàíèõ ïðî äèçàì³ùåí³ áåíçî[de]áåíçî[4,5]-
³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíè â ë³òåðàòóð³ äóæå
ìàëî, ùî î÷åâèäíî ïîâ’ÿçàíî ç òðóäíîùàìè îäåð-
æàííÿ âèõ³äíèõ 4,5-äèãàëîãåíî- ³ äèí³òðîíàô-
òàëåâèõ àíã³äðèä³â òà ¿õ íèçüêîþ ðîç÷èíí³ñòþ â
îðãàí³÷íèõ ðîç÷èííèêàõ. Òîìó ìåòîþ äàíîãî
äîñë³äæåííÿ º âèâ÷åííÿ ìîæëèâîñò³ îäåðæàííÿ
ïðîäóêò³â êîíäåíñàö³¿ 4,5-äèçàì³ùåíèõ íàôòà-
ëåâèõ àíã³äðèä³â ç î-ôåí³ëåíä³àì³íîì òà ïî-
ð³âíÿííÿ ¿õ ñïåêòðàëüíèõ âëàñòèâîñòåé ç âëàñ-
òèâîñòÿìè â³äïîâ³äíèõ ìîíîçàì³ùåíèõ ñïîëóê.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Äëÿ ñèíòåçîâàíèõ ðå÷îâèí ßÌÐ 1Í ñïåêò-

ðè âèì³ðÿí³ íà ñïåêòðîìåòð³ BRUKER WM 400
ç ðîáî÷îþ ÷àñòîòîþ 400 ÌÃö, ðîç÷èííèê ÄÌÑÎ-
d6, åòàëîí-ÒÌÑ. ²× ñïåêòðè ñïîëóê â òàáëåòêàõ
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KBr îòðèìàí³ íà ñïåêòðîìåòð³ Perkin Elmer
Frontier FT-IR. Ìàñ-ñïåêòðè FAB ðåºñòðóâàëè
íà ñïåêòðîìåòð³ VG 7070 EQ, ³îí³çàö³ÿ çä³éñíþ-
âàëàñü ïó÷êîì àòîì³â àðãîíó ç åíåðã³ºþ 10 êÂ,
ÿê ìàòðèöþ âèêîðèñòîâóâàëè ì-í³òðîáåíçèëî-
âèé ñïèðò. ÓÔ ñïåêòðè ïîãëèíàííÿ òîëóîëüíèõ
ðîç÷èí³â ñïîëóê îòðèìàí³ íà ñïåêòðîìåòð³
Specord UV VIS. Âèïðàâëåí³ ñïåêòðè ôëóîðåñ-
öåíö³¿ âèì³ðÿí³ íà ñïåêòðîôëóîðèìåòð³ Cary
Eclipse (Varian) â ñòàíäàðòíèõ 1 ñì êâàðöåâèõ
êþâåòàõ. Åëåìåíòíèé ñêëàä ñïîëóê âñòàíîâëå-
íî íà åëåìåíòíîìó àíàë³çàòîð³ Vario MICRO
cube. Êîíòðîëü çà ïðîõîäæåííÿì ðåàêö³é òà ÷è-
ñòîòîþ ñèíòåçîâàíèõ ñïîëóê çä³éñíþâàëè ìåòî-
äîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿ íà ïëàñòèíàõ
Silicagel 60 F254 ô³ðìè Merck ç íàñòóïíèì ïðîÿâ-
ëåííÿì â ÓÔ ñâ³òë³, ÿê åëþåíò âèêîðèñòîâóâà-
ëè õëîðîôîðì. Òåìïåðàòóðè ïëàâëåííÿ ñïîëóê
âèì³ðÿí³ â â³äêðèòîìó êàï³ëÿð³. 5-Õëîðî-, 5-áðî-
ìî-, 5-í³òðî-, 5,6-äèõëîðî-, 5,6-äèáðîìî-, 5,6-
äèí³òðî-, 5-áðîìî-6-í³òðîàöåíàôòåíè ñèíòåçó-
âàëè çã³äíî ìåòîäèê, ïðèâåäåíèõ ó ðîáîòàõ [7–
9]. 4-Õëîðî-, 4-áðîìî-, 5-í³òðî-, 4,5-äèõëîðî-,
4,5-äèáðîìî-, 4,5-äèí³òðîíàôòàëåâ³ àíã³äðèäè
îòðèìóâàëè çã³äíî ìåòîäèê, ïðèâåäåíèõ ó ðîáî-
òàõ [7, 9-10].

3,4-Äèõëîðî-7H-áåíçî[de]áåíçî[4,5]³ì³äàçî-
[2,1-a]³çîõ³íîë³í-7-îí (II à)

Ñóì³ø 0,1 ã (0,37 ììîëü) 4,5-äèõëîðîíàô-
òàëåâîãî àíã³äðèäó òà 0,08 ã (0,74 ììîëü) î-ôåí³-
ëåíä³àì³íó â 25 ìë áåçâîäíî¿ îöòîâî¿ êèñëîòè
êèï’ÿòèëè óïðîäîâæ 12 ãîä äî çíèêíåííÿ ïëÿ-
ìè âèõ³äíîãî àíã³äðèäó íà ïëàñòèíö³ ÒØÕ. Îñàä,
ùî âèïàâ, â³äô³ëüòðóâàëè, ïðîìèëè âîäîþ ³ âè-
ñóøèëè. Ï³ñëÿ ïåðåêðèñòàë³çàö³¿ ç òîëóîëó îò-
ðèìàëè 0,12 ã (95%) ðå÷îâèíè ²² à ó âèãëÿä³ æîâ-
òèõ ãîëîê ç Tïë. 294–2960Ñ. ²× ñïåêòð (KBr, ñì–1):
3040, 1699 (C=O), 1626, 1363, 1224, 1137, 1076,
727, 629. ßÌÐ 1Í ñïåêòð (, ì.÷., J, Ãö): 8,67 ä
(1H), J=7,2 (H2); 8,63 ä (1H), J=7,6 (H5); 8,35 ä
(1H), J=7,0 (H9); 8,09 ä (1H), J=7,6 (H6); 8,05 ä
(1H), J=7,2 (H1); 7,83 ä (1H), J=7,2 (H12); 7,49 ì
(2H) (H10+H11) (íóìåðàö³ÿ àòîì³â ã³äðîãåíó íà-
âåäåíà íà ñõåì³ 1). Ìàñ-ñïåêòð FAB, m/z: 339
[M+H]+. C18H8Cl2N2O: 63,74; Í 2,38; Ñl 20,91; N
8,26. Çíàéäåíî, %: Ñ 63,59; Í 2,41; Ñl 20,67; N
8,32.

3,4-Äèáðîìî-7H-áåíçî[de]áåíçî[4,5]³ì³äàçî-
[2,1-a]³çîõ³íîë³í-7-îí (II b)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ II à, âè-
êîðèñòîâóþ÷è 0,1 ã (0,27 ììîëü) 4,5-äèáðîìî-
íàôòàëåâîãî àíã³äðèäó, 0,06 ã (0,54 ììîëü) î-
ôåí³ëåíä³àì³íó òà 25 ìë îöòîâî¿ êèñëîòè. Ñóì³ø
êèï’ÿòèëè 15 ãîä. Îòðèìàëè 0,14 ã (91%) ðå÷î-

âèíè ²² á ó âèãëÿä³ ñâ³òëî-çåëåíèõ êðèñòàë³â ç
Tïë. 267–2700Ñ. ²× ñïåêòð (KBr, ñì–1): 1695 (C=O),
1595, 1448, 1408, 1368, 1223, 1159, 1046, 978, 799,
747, 728. ßÌÐ 1Í ñïåêòð (, ì.÷., J, Ãö): 8,79 ä
(1H), J=7,6 (H2); 8,77 ä (1H), J=7,6 (H5); 8,65 ä
(1H), J=7,0 (H9); 8,39 ä (1H), J=7,6 (H6); 8,25 ä
(1H), J=7,6 (H1); 7,95 ä (1H), J=7,2 (H12); 7,59 ì
(2H) (H10+H11). Ìàñ-ñïåêòð FAB, m/z: 429
[M+H]+. C18H8Br2N2O: Ñ 50,50; Í 1,88; Br 37,33;
N 6,54. Çíàéäåíî, %: Ñ 50,32; Í 1,94; Br 37,23;
N 6,64.

3,4-Äèí³òðî-7H-áåíçî[de]áåíçî[4,5]³ì³äàçî-
[2,1-a]³çîõ³íîë³í-7-îí (II c)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ II à, âè-
êîðèñòîâóþ÷è 0,1 ã (0,35 ììîëü) 4,5-äèí³òðîíàô-
òàëåâîãî àíã³äðèäó òà 0,04 ã (0,7 ììîëü) î-ôåí³-
ëåíä³àì³íó â 25 ìë îöòîâî¿ êèñëîòè. Ñóì³ø êè-
ï’ÿòèëè âïðîäîâæ 14 ãîä. Îäåðæàëè 0,12 ã (96%)
ðå÷îâèíè ²² ñ ó âèãëÿä³ ïîìàðàí÷åâèõ êðèñòàë³â
ç Tïë. 365–3670Ñ. ²× ñïåêòð (KBr, ñì–1): 3030, 1710
(C=O), 1548 (NO2

), 1445, 1373, 1352 (NO2
), 1228,

1090, 1050, 880, 851, 768, 758. ßÌÐ 1Í ñïåêòð (,
ì.÷., J, Ãö): 8,95 ä (1H), J=8,0 (H2); 8,91 ä (1H),
J=7,6 (H5); 8,75 ä (1H), J=7,6 (H6); 8,73 ä (1H),
J=8,0 (H1); 8,40 ä (1H), J=7,2 (H9); 7,95 ä (1H),
J=7,2 (H12); 7,56 ì (2H) (H10+H11). Ìàñ-ñïåêòð
FAB, m/z: 361 [M+H]+. C18H8N4O5: Ñ 60,01; Í
2,24; N 15,55. Çíàéäåíî, %: Ñ 59,89; Í 2,29; N
15,65.

3-Õëîðî- (II d) ³ 4-õëîðî-7H-áåíçî[de]áåíçî[4,5]-
³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí (II d’)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ II à, âè-
êîðèñòîâóþ÷è 0,1 ã (0,43 ììîëü) 4-õëîðîíàôòà-
ëåâîãî àíã³äðèäó òà 0,09 ã (0,86 ììîëü) î-ôåí³-
ëåíä³àì³íó â 25 ìë îöòîâî¿ êèñëîòè. Ñóì³ø êè-
ï’ÿòèëè âïðîäîâæ 3 ãîä. Îäåðæàëè 0,12 ã (93%)
ïðîäóêòó ó âèãëÿä³ êðèñòàë³â æîâòîãî êîëüîðó.
Ìàñ-ñïåêòð FAB, m/z: 305 [M+H]+. C18H9ClN2O:
Ñ 70,95; Í 2,98; Ñl 11,63; N 9,19. Çíàéäåíî, %: Ñ
70,79; Í 3,11; Ñl 11,52; N 9,05. Çà äàíèìè ÒØÕ
ïðîäóêò º ñóì³øøþ äâîõ ðåã³î³çîìåð³â, ÿê³ áóëè
ðîçä³ëåí³ ôðàêö³éíîþ êðèñòàë³çàö³ºþ ç òîëóåíó.
3-Õëîðîçàì³ùåíèé ³çîìåð ²² d (0.055 ã) îòðèìà-
íèé ó âèãëÿä³ êðèñòàë³â æîâòîãî êîëüîðó ç Tïë.

293–2940Ñ (ë³ò. 294–2960Ñ [11]), Rf 0,71 (òîëóåí:
åòèëàöåòàò 5:1); 4-õëîðîçàì³ùåíèé ³çîìåð II d’
(0.04 ã) îäåðæàíèé ó âèãëÿä³ êðèñòàë³â æîâòîãî
êîëüîðó ç Tïë. 252–2540Ñ (ë³ò. 253–2540Ñ [11]),
Rf 0,62 (òîëóåí:åòèëàöåòàò 5:1).

3-Áðîìî (II e) ³ 4-áðîìî-7H-áåíçî[de]áåíçî-
[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí (II e’)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ II à, âè-
êîðèñòîâóþ÷è 0,1 ã (0,36 ììîëü) 4-áðîìîíàôòà-
ëåâîãî àíã³äðèäó òà 0,08 ã (0,72 ììîëü) î-ôåí³-
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ëåíä³àì³íó â 25 ìë îöòîâî¿ êèñëîòè. Ñóì³ø êè-
ï’ÿòèëè âïðîäîâæ 3 ãîä. Îäåðæàëè 0,12 ã (96%)
ïðîäóêòó ó âèãëÿä³ êðèñòàë³â æîâòîãî êîëüîðó.
Ìàñ-ñïåêòð FAB, m/z: 349 [M+H]+. C18H9BrN2O:
Ñ 61,91; Í 2,60; Br 22,88; N 8,02. Çíàéäåíî, %: Ñ
61,78; Í 2,65; Br 22,74; N 8,12. Ïðîäóêò çà äàíè-
ìè ÒØÕ º ñóì³øøþ äâîõ ðåã³î³çîìåð³â, ÿê³ áóëè
ðîçä³ëåí³ ôðàêö³éíîþ êðèñòàë³çàö³ºþ ç òîëóåíó.
3-Áðîìîçàì³ùåíèé ³çîìåð ²² e (0,05 ã) îäåðæà-
íèé ó âèãëÿä³ êðèñòàë³â æîâòîãî êîëüîðó ç Tïë.

260–2620Ñ (ë³ò. 262–2630Ñ [12]), Rf 0,52 (òîëóåí:
åòèëàöåòàò 5:1); 4-áðîìîçàì³ùåíèé ³çîìåð II e’
(0,04 ã) îòðèìàíèé ó âèãëÿä³ êðèñòàë³â æîâòîãî
êîëüîðó ç Tïë. 291–2930Ñ (ë³ò. 291–2920Ñ [12]),
Rf 0,65 (òîëóåí:åòèëàöåòàò 5:1).

3-Í³òðî (II f) ³ 4-í³òðî-7H-áåíçî[de]áåíçî-
[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí (II f’)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ II à, âè-
êîðèñòîâóþ÷è 0,1 ã (0,42 ììîëü) 4-í³òðîíàôòà-
ëåâîãî àíã³äðèäó òà 0,09 ã (0,84 ììîëü) î-ôåí³-
ëåíä³àì³íó â 25 ìë áåçâîäíî¿ îöòîâî¿ êèñëîòè.
Ñóì³ø êèï’ÿòèëè âïðîäîâæ 3 ãîä. Îäåðæàëè
0,13 ã (97%) ïðîäóêòó ó âèãëÿä³ êðèñòàë³â ïîìà-
ðàí÷åâîãî êîëüîðó. Ìàñ-ñïåêòð FAB, m/z: 316
[M+H]+. C18H9N3O3: Ñ 68,57; Í 2,88; N 13,33.
Çíàéäåíî, %: Ñ 68,45; Í 2,95; N 13,21. Ïðîäóêò
çà äàíèìè ÒØÕ º ñóì³øøþ äâîõ ðåã³î³çîìåð³â,
ÿê³ áóëè ðîçä³ëåí³ ôðàêö³éíîþ êðèñòàë³çàö³ºþ ç
òîëóåíó. 3-Í³òðîçàì³ùåíèé ³çîìåð ²² f (0,06 ã)
îòðèìàíèé ó âèãëÿä³ êðèñòàë³â ïîìàðàí÷åâîãî
êîëüîðó ç Tïë. 250-2520Ñ (ë³ò. 250-2510Ñ [13]), Rf

0,48 (òîëóåí:åòèëàöåòàò 5:1); 4-í³òðîçàì³ùåíèé
³çîìåð II f’ (0,04 ã) îäåðæàíèé ó âèãëÿä³ êðèñ-
òàë³â æîâòîãî êîëüîðó ç ò.ïë. 291–2920Ñ (ë³ò. 291–
2930Ñ [13]), Rf 0,61 (òîëóåí:åòèëàöåòàò 5:1).

3,4-Äèìåòîêñè-7H-áåíçî[de]áåíçî[4,5]-³ì³äà-
çî[2,1-a]³çîõ³íîë³í-7-îí (III a)

0,1 ã ìåòàë³÷íîãî íàòð³þ ðîç÷èíèëè â 10 ìë
ìåòàíîëó, ðîç÷èí îõîëîäèëè òà äîäàëè äî íüîãî
0,1 ã (0,28 ììîëü) 3,4-äèõëîðî-7H-áåíçî[de]-
áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíó (²² à) â
20 ìë äèìåòèëôîðìàì³äó. Ðåàêö³éíó ñóì³ø êè-
ï’ÿòèëè âïðîäîâæ 5 ãîä äî çíèêíåííÿ ïëÿìè âè-
õ³äíîãî àíã³äðèäó òà ïðîì³æíîãî ïðîäóêòó çàì³-
ùåííÿ îäíîãî àòîìà õëîðó íà ïëàñòèíö³ ÒØÕ,
ï³ñëÿ ÷îãî äîäàëè 60 ìë âîäè. Îñàä, ùî âèïàâ,
â³äô³ëüòðóâàëè, ïðîìèëè âîäîþ ³ âèñóøèëè.
Ï³ñëÿ ïåðåêðèñòàë³çàö³¿ ç òîëóîëó îäåðæàëè
0,09 ã (92%) ïðîäóêòó III a â âèãëÿä³ ïîìàðàí÷åâèõ
êðèñòàë³â ç Tïë. 274–2750Ñ. ²× ñïåêòð (KBr, ñì–1):
2937, 2822, 1680 (C=O), 1589, 1448, 1386, 1351,
1267, 1237, 1088, 1020, 810, 748, 502. ßÌÐ 1Í
ñïåêòð (, ì.÷., J, Ãö): 8,65 ä (1H), J=7,2 (H6);
8,52 ä (1H), J=7,6 (H1); 8,42 ä (1H), J=7,0 (H9);

7,82 ä (1H), J=7,2 (H5); 7,76 ä (1H), J67=7,6 (H2);
7,44 ä (1H), J=7,2 (H12); 7,37 ì (2H) (H10+H11);
4,13 c (6H) (CH3O). Ìàñ-ñïåêòð FAB, m/z: 331
[M+H]+. C20H14N2O3: Ñ 72,72; Í 4,27; N 8,48.
Çíàéäåíî, %: Ñ 72,81; Í 4,21; N 8,52.

3-Ìåòîêñè-(III c) ³ 4-ìåòîêñè-7H-áåíçî-
[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí (III c’)

Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ III a, âè-
êîðèñòîâóþ÷è 0,1 ã (0,33 ììîëü) 3-õëîðî-7H-
áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíó
(III d) â 20 ìë äèìåòèëôîðìàì³äó òà 0,05 ã íà-
òð³þ â 10 ìë ìåòàíîëó. Ñóì³ø êèï’ÿòèëè âïðî-
äîâæ 8 ãîä. Îäåðæàëè 0,09 ã (91%) ïðîäóêòó ó
âèãëÿä³ êðèñòàë³â ïîìàðàí÷åâîãî êîëüîðó. Ìàñ-
ñïåêòð FAB, m/z: 301 [M+H]+. C19H12N2O2.: Ñ
75,99; Í 4,03; N 9,33. Çíàéäåíî, %: Ñ 76,08; Í
3,95; N 9,26. Ïðîäóêò çà äàíèìè ÒØÕ º ñóì³ø-
øþ äâîõ ðåã³î³çîìåð³â, ÿê³ áóëè ðîçä³ëåí³ ôðàê-
ö³éíîþ êðèñòàë³çàö³ºþ ç òîëóåíó. 3-Ìåòîêñèçà-
ì³ùåíèé ³çîìåð ²²I c (0,04 ã) îäåðæàíèé ó âèã-
ëÿä³ êðèñòàë³â ïîìàðàí÷åâîãî êîëüîðó ç Tïë. 243–
2450Ñ (ë³ò. 245–2460Ñ [14]), Rf 0,51 (òîëóåí:åòè-
ëàöåòàò 5:1); 4-ìåòîêñèçàì³ùåíèé ³çîìåð III c’
(0,03 ã) îòðèìàíèé ó âèãëÿä³ êðèñòàë³â æîâòîãî
êîëüîðó ç Tïë. 253–2550Ñ (ë³ò. 256–2570Ñ [14]),
Rf 0,65 (òîëóåí:åòèëàöåòàò 5:1).

3,4-Äè(2-ã³äðîêñèåòèëàì³íî)-7H-áåíçî-
[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí (III b)

Ðîç÷èí 0,1 ã (0,28 ììîëü) 3,4-äèõëîðî-7H-
áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíó
(²² à) òà 0,18 ìë (2,8 ììîëü) åòàíîëàì³íó â 20 ìë
äèìåòèëôîðìàì³äó êèï’ÿòèëè âïðîäîâæ 8 ãîäèí
äî çíèêíåííÿ ïëÿìè âèõ³äíîãî àíã³äðèäó òà ïðî-
ì³æíîãî ïðîäóêòó çàì³ùåííÿ îäíîãî àòîìà õëî-
ðó íà ïëàñòèíö³ ÒØÕ. Ï³ñëÿ çàê³í÷åííÿ ðåàêö³¿
äî ðåàêö³éíî¿ ñóì³ø³ äîäàëè 60 ìë âîäè, îñàä,
ùî âèïàâ, â³äô³ëüòðóâàëè, ïðîìèëè âîäîþ ³ âè-
ñóøèëè. Ï³ñëÿ ïåðåêðèñòàë³çàö³¿ ç òîëóîëó îò-
ðèìàëè 0,11 ã (88%) ïðîäóêòó â âèãëÿä³ êðèñ-
òàë³â öåãëÿíîãî êîëüîðó ç Tïë. 238–2400Ñ. ²×
ñïåêòð (KBr, ñì–1): 3352 (OH), 3176 (NH), 1671
(C=O), 1582, 1341, 1239, 1066, 752, 462. ßÌÐ 1Í
ñïåêòð (, ì.÷., J, Ãö): 8,64 ä (1H), J=7,6 (H6);
8,46 ä (1H), J=7,2 (H1); 8,44 ä (1H), J=7,0 (H9);
7,81 ä (1H), J=7,6 (H5); 7,79 ä (1H), J=7,2 (H2);
7,44ä (1H), J=7,2 (H9); 7,41 ì (2H) (H10+H11);
4,01 c (4H) (NH2); 3,77 ò (4H) (HOCH2); 3,65 c
(2H) (OH); 3,46 ò (4H) (CH2NH2). Ìàñ-ñïåêòð
FAB, m/z: 389 [M+H]+. C22H20N4O3: Ñ 68,03; Í
5,19; N 14,42. Çíàéäåíî, %: Ñ 68,14; Í 5,02; N
14,29.

3-(2-Ã³äðîêñèåòèëàì³íî) (III d) ³ 4-(2-Ã³äðîê-
ñèåòèëàì³íî)-7H-áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]-
³çîõ³íîë³í-7-îí (III d’)
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Ñèíòåçóâàëè àíàëîã³÷íî ñïîëóö³ III b, âè-
êîðèñòîâóþ÷è 0,1 ã (0,33 ììîëü) 3-õëîðî-7H-
áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíó
(II d) òà 0,1 ìë (1,6 ììîëü) åòàíîëàì³íó â 20 ìë
äèìåòèëôîðìàì³äó. Ñóì³ø êèï’ÿòèëè âïðîäîâæ
10 ãîä. Îäåðæàëè 0,09 ã (83%) ïðîäóêòó ó âèã-
ëÿä³ êðèñòàë³â ÷åðâîíîãî êîëüîðó, ÿêèé çà äà-
íèìè ÒØÕ º ñóì³øøþ äâîõ ðåã³î³çîìåð³â. Ìàñ-
ñïåêòð FAB, m/z: 330 [M+H]+. C20H15N3O2 Ñ
72,94; Í 4,59; N 12,76. Çíàéäåíî, %: Ñ 73,04; Í
4,51; N 12,65. Ïðîäóêò çà äàíèìè ÒØÕ º ñóì³ø-
øþ äâîõ ðåã³î³çîìåð³â, ÿê³ áóëè ðîçä³ëåí³ ôðàê-
ö³éíîþ êðèñòàë³çàö³ºþ ç òîëóåíó. 3-Çàì³ùåíèé
³çîìåð ²²I d (0,045 ã) îòðèìàíèé ó âèãëÿä³ êðèñ-
òàë³â ÷åðâîíîãî êîëüîðó ç Tïë. 230–2320Ñ (ë³ò.
230,6–232,20Ñ [2]), Rf 0,33 (òîëóåí:åòèëàöåòàò
5:1); 4-çàì³ùåíèé ³çîìåð III d’ (0,03 ã) îäåðæà-
íèé ó âèãëÿä³ êðèñòàë³â ïîìàðàí÷åâîãî êîëüîðó
ç Tïë. 248–2500Ñ (ë³ò. 249–2500Ñ [2]), Rf 0,65 (òî-
ëóåí:åòèëàöåòàò 5:1).

Ðåçóëüòàòè òà îáãîâîðåííÿ
ßê ñóáñòðàòè äëÿ âèâ÷åííÿ îñîáëèâîñòåé

îäåðæàííÿ 3,4-äèçàì³ùåíèõ áåíçî[de]áåíçî-
[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â áóëè îáðàí³
4,5-äèõëîðî-, 4,5-äèáðîìî-, òà 4,5-äèí³òðîíàô-
òàëåâ³ àíã³äðèäè (I à-ñ). Äàí³ ðå÷îâèíè áóëè ñèí-
òåçîâàí³ îêèñëåííÿì â³äïîâ³äíèõ 5,6-äèçàì³ùå-
íèõ àöåíàôòåí³â á³õðîìàòîì íàòð³þ â áåçâîäí³é
îöòîâ³é êèñëîò³ çà â³äîìèìè ìåòîäèêàìè [7,9–
10].

Çä³éñíåí³ ïðîáí³ ñèíòåçè ïðîäóêò³â II à-ñ
êîíäåíñàö³ºþ â³äïîâ³äíèõ äèçàì³ùåíèõ íàôòà-
ëåâèõ àíã³äðèä³â I à-ñ ç 1,2-ôåí³ëåíä³àì³íîì (ñõå-
ìà 1) â îðãàí³÷íèõ ðîç÷èííèêàõ, ùî çà ë³òåðà-
òóðíèìè äàíèìè [5,7,12] âèêîðèñòîâóþòüñÿ äëÿ
îäåðæàííÿ íåçàì³ùåíîãî òà ìîíîçàì³ùåíèõ
áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â
(îöòîâà êèñëîòà, õëîðîáåíçåí, äèìåòèëñóëüôîê-
ñèä, åòàíîë) ïîêàçàëè, ùî â óñ³õ ðîç÷èííèêàõ
êð³ì îöòîâî¿ êèñëîòè ñïîñòåð³ãàºòüñÿ óòâîðåí-
íÿ çíà÷íèõ ê³ëüêîñòåé ïîá³÷íîãî ïðîäóêòó àðî-
ìàòè÷íîãî íóêëåîô³ëüíîãî çàì³ùåííÿ àòîìà ãà-

ëîãåíó ÷è í³òðîãðóïè â ïîëîæåíí³ 4 íà àðèëàì-
³íîãðóïó. Â âèïàäêó æ âèêîðèñòàííÿ îöòîâî¿
êèñëîòè ö³ëüîâ³ ïðîäóêòè II à-ñ áóëè îäåðæàí³ ç
âèõîäàìè 90–95%.

Ìîæëèâ³ñòü ïîäàëüøî¿ ìîäèô³êàö³¿ îòðè-
ìàíèõ äèçàì³ùåíèõ áåíçî[de]áåíçî[4,5]³ì³äàçî-
[2,1-a]³çîõ³íîë³í-7-îí³â áóëà ïîêàçàíà íà ïðè-
êëàä³ çàì³ùåííÿ îáîõ àòîì³â ãàëîãåíó ÷è í³òðîã-
ðóï â ñïîëóêàõ II a-c íà åëåêòðîíîäîíîðí³ çàì-
³ñíèêè – ìåòîêñè- òà 2-ã³äðîêñèåòèëàì³íîãðóïè
(ñõåìà 1), ùî äîçâîëèëî îòðèìàòè íå îïèñàí³
ðàí³øå ëþì³íîôîðè III a òà III b, ìàêñèìóìè
âèïðîì³íþâàííÿ ÿêèõ çíàõîäÿòüñÿ â á³ëüø äîâ-
ãîõâèëüîâ³é ä³ëÿíö³ ñïåêòðà. Ðåàêö³þ çàì³ùåí-
íÿ ïðîâîäèëè ç íàäëèøêîì íàòð³é ìåòèëàòó ÷è
åòàíîëàì³íó ç âèêîðèñòàííÿì ÿê ðîç÷èííèêà
äèìåòèëôîðìàì³äó, âèõîäè ïðîäóêò³â ñêëàëè 85–
90%.

Ñêëàä òà áóäîâà ñèíòåçîâàíèõ äèçàì³ùåíèõ
ñïîëóê II à–ñ òà ²²² à–b ï³äòâåðäæåíà çà äîïî-
ìîãîþ ßÌÐ 1Í, ²× ñïåêòðîìåòð³¿, ìàñ-ñïåêòðî-
ìåòð³¿ òà åëåìåíòíîãî àíàë³çó.

Ç ìåòîþ ïîäàëüøîãî ïîð³âíÿííÿ ñïåêòðàëü-
íî-ëþì³íåñöåíòíèõ âëàñòèâîñòåé ç 3,4-äèçàì³-
ùåíèìè áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]-
³çîõ³íîë³í-7-îíàìè áóëè ñèíòåçîâàí³ ¿õ îïèñàí³
â ë³òåðàòóð³ ìîíîçàì³ùåí³ àíàëîãè (II d–f,
II d’–f’ òà I²I c–d, I²I c’–d’) (ñõåìà 2). Âñ³ ìîíî-
çàì³ùåí³ ñïîëóêè îäåðæàí³ ÿê ñóì³ø³ äâîõ ðåã³-
î³çîìåð³â çà âçàºìíèì ðîçòàøóâàííÿì áåíçèì³-
äàçîëüíîãî ôðàãìåíòó òà çàì³ñíèêà â íàôòàë³-
íîâîìó ôðàãìåíò³ ç³ ñï³ââ³äíîøåííÿì ³çîìåð³â
çà äàíèìè íàï³âïðåïàðàòèâíî¿ òîíêîøàðîâî¿
õðîìàòîãðàô³¿ ïðèáëèçíî 1:1. Ðîçä³ëåííÿ ñóì³ø³
³çîìåð³â áóëî çä³éñíåíî çà äîïîìîãîþ ôðàêö³é-
íî¿ êðèñòàë³çàö³¿ ç òîëóåíó, òåìïåðàòóðè ïëàâ-
ëåííÿ îòðèìàíèõ ³íäèâ³äóàëüíèõ ñïîëóê ñï³âïà-
äàþòü ç ïðèâåäåíèìè â ë³òåðàòóð³ [2,11–14].

Â åëåêòðîííèõ ñïåêòðàõ ïîãëèíàííÿ 3,4-
äèçàì³ùåíèõ áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]-
³çîõ³íîë³í-7-îí³â II à-ñ òà III à-b ñïîñòåð³ãàºòü-
ñÿ ñìóãà ïîãëèíàííÿ â âèäèì³é ä³ëÿíö³ ñïåêòðà
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ç ìàêñèìóìîì ïðè 407–458 íì, ùî îáóìîâëþº
æîâòå ÷è ïîìàðàí÷åâå çàáàðâëåííÿ äàíèõ ñïî-
ëóê (òàáëèöÿ).

Ìàêñèìóìè ïîãëèíàííÿ òà ëþì³íåñöåíö³¿ 3(4)-

ìîíîçàì³ùåíèõ òà 3,4-äèí³òðîçàì³ùåíèõ

áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â

íèìè çàì³ñíèêàìè II² à òà I²I b âèïðîì³íþþòü â
á³ëüø äîâãîõâèëüîâ³é ä³ëÿíö³ ñïåêòðà ç ìàêñè-
ìóìàìè âèïðîì³íþâàííÿ ïðè 542 òà 592 íì,
â³äïîâ³äíî, òà º ëþì³íîôîðàìè ïîìàðàí÷åâîãî
ñâ³÷åííÿ. Ðå÷îâèíà ²² c ç äâîìà í³òðîãðóïàìè â
íàôòàë³íîâîìó ÿäð³ íå ëþì³íåñö³þº.

Ïîð³âíÿííÿ ñïåêòðàëüíèõ âëàñòèâîñòåé
ñèíòåçîâàíèõ 3,4-äèçàì³ùåíèõ áåíçî[de]áåíçî-
[4,5]³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îí³â ç â³äïîâ³äíè-
ìè ìîíîçàì³ùåíèìè ðå÷îâèíàìè ïîêàçóº, ùî
ïðè ïåðåõîä³ â³ä ìîíîçàì³ùåíèõ äî äèçàì³ùå-
íèõ ñïîëóê ñïîñòåð³ãàºòüñÿ áàòîõðîìíèé çñóâ ¿õ
ñïåêòð³â ïîãëèíàííÿ òà ëþì³íåñöåíö³¿, âåëè÷è-
íà ÿêîãî çíàõîäèòüñÿ â ìåæàõ 15–30 íì, òà
çá³ëüøåííÿ ïðèáëèçíî â ï³âòîðà ðàçè çíà÷åíü
ìîëÿðíîãî ïîêàçíèêà ïîãëèíàííÿ.

Âèñíîâêè
Çíàéäåíî îïòèìàëüí³ óìîâè êîíäåíñàö³¿

4,5-äèãàëîãåíî- òà äèí³òðîçàì³ùåíèõ íàôòàëå-
âèõ àíã³äðèä³â ç ôåí³ëåíä³àì³íîì. Ïîêàçàíî, ùî
äèçàì³ùåí³ áåíçî[de]áåíçî[4,5]³ì³äàçî[2,1-a]-³çî-
õ³íîë³í-7-îíè ç îêñèãåíî- ÷è í³òðîãåíîâì³ñíè-
ìè åëåêòðîíîäîíîðíèìè çàì³ñíèêàìè ìîæóòü
áóòè îòðèìàí³ ç âèñîêèìè âèõîäàìè çàì³ùåí-
íÿì àòîì³â ãàëîãåíó ÷è í³òðîãðóïè â â³äïîâ³ä-
íèõ äèãàëîãåíî- ÷è äèí³òðîïîõ³äíèõ. Âñòàíîâ-
ëåíî, ùî 3,4-äèçàì³ùåí³ áåíçî[de]áåíçî[4,5]-
³ì³äàçî[2,1-a]³çîõ³íîë³í-7-îíè ïîãëèíàþòü òà
ëþì³íåñö³þþòü â á³ëüø äîâãîõâèëüîâ³é ä³ëÿíö³
òà ìàþòü â ï³âòîðà ðàçè á³ëüøèé ìîëÿðíèé ïî-
êàçíèê ïîãëèíàííÿ â ïîð³âíÿíí³ ç â³äïîâ³äíè-
ìè ìîíîçàì³ùåíèìè ïîõ³äíèìè, ùî äîçâîëÿº
ââàæàòè îäåðæàí³ ñïîëóêè ïåðñïåêòèâíèìè äëÿ
ïîäàëüøîãî äîñë³äæåííÿ ÿê ëþì³íîôîð³â.

Ñõåìà 2

O

O

O

H2N

H2N

CH3COOH, t
o

X

N

O

N

I d-f

II d-f

X=Cl (Id, IId, IId'), Br (Ie, IIe, II e'), NO2 (If, IIf, IIf')

DMF, to

Z

N

O

N

CH3ONa or

HO(CH2)2NH2

III c-d

Z=CH3O (IIIc, IIIc'), HO(CH2)2NH (IIIb, IIIb')

X

N

O

N

II d'-f'

Z

N

O

N

III c'-d'

X

Поглинання (толуол) 
Люмінесценція 

(толуол) 
№ 

сполуки 
max, нм  max, нм 

ІІ a 412 15800 522 

ІІ b 407 15650 502 

ІІ c 430 16200 – 

ІІ d 386 10160 496 

ІІ d’ 396 11020 487 

ІІ e 384 10120 488 

ІІ e’ 392 11000 479 

ІІ f 406 10900 – 

ІІ f’ 412 11090 – 

III a 444 27900 542 

III b 483 30020 592 

III c 422 18400 524 

III c’ 428 18520 512 

III d 454 19560 559 

III d’ 458 19640 550 

 

Äàí³ ñïåêòð³â ëþì³íåñöåíö³¿ ñèíòåçîâàíèõ
ñïîëóê ïîêàçóþòü, ùî 3,4-äèõëîðî- òà 3,4-äèá-
ðîìîçàì³ùåí³ ñïîëóêè II à òà II b º ëþì³íîôî-
ðàìè æîâòî-çåëåíîãî ñâ³÷åííÿ, ùî âèïðîì³íþ-
þòü ç ìàêñèìóìàìè 522 íì òà 502 íì, â³äïîâ³ä-
íî, òîä³ ÿê ñïîëóêè ç äâîìà åëåêòðîííîäîíîð-
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SYNTHESIS OF 3,4-DISUBSTITUTED
BENZO[DE]BENZO[4,5]IMIDAZO[2,1-A]ISOQUINOLIN-
7-ONES

N.F. Fed’ko *, V.F. Anikin, V.V. Veduta, D.O. Laskorunska

Odessa I.I. Mechnikov National University, Odessa, Ukraine
* e-mail: nffedko@gmail.com

The reaction of 4,5-dihalogeno- and 4,5-dinitrosubstituted
1,8-naphthalic anhydrides with ortho-phenylenediamine leading to
the formation of 3,4-disubstituted benzo[de]benzo[4,5]imidazo-
[2,1-a]isoquinolin-7-ones was investigated. The initial 4,5-
disubstituted naphthalic anhydrides were synthesized by the oxidation
of the corresponding 5,6-disubstituted acenaphthenes with sodium
dichromate in anhydrous acetic acid. It was established that significant
amounts of by-product of substitution of halogen atom or nitro group
by arylamino group were observed when performing the reaction of
4,5-disubstituted naphthalic anhydrides with o-phenylenediamine
in chlorobenzene, dimethyl sulfoxide, dimethylformamide or ethanol,
whereas the use of acetic acid as a solvent allowed obtaining 3,4-
disubstituted benzo[de]benzo[4,5]imidazo[2,1-a]isoquinolin-7-ones
without by-products with yields of 90–95%. It was shown that halogen
atoms or nitro groups in the synthesized compounds can be substituted
by oxygen- and nitrogen containing fragments leading to luminescent
compounds with longer wavelength of emission maxima. The structure
of the obtained compounds was confirmed by elemental analysis,
mass spectrometry, IR and 1H NMR spectroscopies. The absorption
and luminescence maxima of 3,4-disubstituted benzo[de]benzo-
[4,5]imidazo[2,1-a]isoquinolin-7-ones were shifted to the long-wave
region of the spectrum by 15–30 nm, and the molar absorption
coefficient was one and a half times more than for the corresponding
monosubstituted derivatives.

Keywords: 1,8-naphthalic anhydride; ortho-
phenylenediamine; benzo[de]benzo[4,5]imidazo[2,1-
a]isoquinolin-7-one; acenaphthene; luminescence.
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