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Íàìè çàïðîïîíîâàíî ìåòîä ñèíòåçó ðàí³øå íåâ³äîìèõ áðîìîêñàíòåí³â ç âèêîðèñ-

òàííÿì ðåàãåíòó PBr3/DMF ÿê ³í³ö³àòîðà ïåðåãðóïóâàííÿ. Áðîìïîõ³äí³ êñàíòåíó ó

ôîðì³ îðãàí³÷íèõ ïåðõëîðàò³â îäåðæóâàëè âçàºìîä³ºþ â³äïîâ³äíèõ áåíçî(íàôòî)ä³-

îêñèí-4(1)-îí³â ç òðèõêðàòíèì íàäëèøêîì ðåàãåíòó Â³ëüñìàéºðà-Õààêà (PBr3/DMF)

ïðè 1100Ñ ïðîòÿãîì 2 ãîäèí ç ïîäàëüøèì äîäàâàííÿì íàòð³é ïåðõëîðàòó. Ï³ä³áðà-

íî óìîâè ñèíòåçó ôîðì³ëïîõ³äíèõ êñàíòåí³â â óìîâàõ êèñëîòíîãî ã³äðîë³çó. Ñòðóê-

òóðà ñïîëóê ï³äòâåðäæåíà çà äîïîìîãîþ ñïåêòðàëüíèõ äàíèõ ßÌÐ 1Í, 13C ñïåêòðî-

ñêîï³¿ òà ìàñ-ñïåêòðîìåòð³¿. Ïîïåðåäí³ äîñë³äæåííÿ ïîêàçàëè, ùî â áðîìïîõ³äíèõ

êñàíòåíó ìîæíà âèá³ðêîâî çàì³ùàòè äèìåòèëàì³íîãðóïó òà àòîì áðîìó ð³çíèìè

íóêëåîô³ëàìè, ùî â³äêðèâàº øèðîê³ ìîæëèâîñò³ äëÿ ñèíòåçó íèçüêîìîëåêóëÿðíèõ

áóä³âåëüíèõ áëîê³â òà áàðâíèê³â.
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1,3-áåíçî(íàôòî)ä³îêñèíó, ïîõ³äí³ êñàíòåíó.
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Âñòóï
Êñàíòåíè, âêëþ÷àþ÷è ïîõ³äí³ áåíçîêñàí-

òåíó, ºâàæëèâèì êëàñîì ãåòåðîöèêë³÷íèõ ñïî-
ëóê äëÿ ôîòîô³çè÷íî¿ ³ ìåäè÷íî¿ õ³ì³¿ [1,2]. Êñàí-
òåíîâ³ áàðâíèêè àêòèâíî âèêîðèñòîâóþòüñÿ ÿê
ëàçåðí³ áàðâíèêè, ñåíñèá³ë³çàòîðè â ñîíÿ÷íèõ
áàòàðåÿõ, õåìîñåíñîðè äëÿ âèÿâëåííÿ ìàëèõ
ìîëåêóë, îïòè÷í³ âîëîêíà òà ñâ³òëîô³ëüòðè [3,4].
Íà îñíîâ³ ïîõ³äíèõ ôîðì³ëêñàíòåí³â ñèíòåçóþòü
ôëóîðåñöåíòí³ áàðâíèêè â áëèæí³é ²× ä³ëÿíö³
ÿê ôëóîðåñöåíòí³ ìàðêåðè äëÿ ä³àãíîñòóâàííÿ
ð³çíîìàí³òíèõ çàõâîðþâàíü [5–8]. Òîìó íåçâà-
æàþ÷è íà ïðîãðåñ ó äàíîìó íàïðÿìêó, ðîçðîáêà
òà ïîøóê íîâèõ ³ åôåêòèâíèõ ìåòîä³â ñèíòåçó
êñàíòåíîâèõ ïîõ³äíèõ íå âòðà÷àº ñâîãî çíà÷åí-
íÿ òà àêòóàëüíîñò³.

Åëåêòðîô³ëüí³ ïåðåãðóïóâàííÿ ï³ðèì³äèí-
4-îí³â òà áåíç(íàôò)îêñàçèí³â ç ãåì³íàëüíèì
ðîçòàøóâàííÿì àòîì³â àçîòó ³ êèñíþ ï³ä ä³ºþ
ðåàãåíòó Â³ëüñìàéºðà-Õààêà – ïåðñïåêòèâíèé
øëÿõ äî ñèíòåçó íîâèõ õ³ì³÷íèõ ñïîëóê. Ó ðå-
çóëüòàò³ âêàçàíèõ ïåðåãðóïóâàíü â îäíó ñòàä³þ
áóëî îäåðæàâíî ïîõ³äí³ õ³íîë³íó, áåíçîò³àçèíó
[9], àêðèäèíó [10], ò³ºíîï³ðèäèíîíó [11] òà

ïîõ³äí³ ôîðì³ëêñàíòåíó ç ôëóîðåñöåíòíèìè âëà-
ñòèâîñòÿìè [12,13].

Ïîøóê åôåêòèâíèõ ìåòîä³â ñèíòåçó ôóí-
êö³îíàë³çîâàíèõ ñïîëóê ïðèâåðíóâ íàøó óâàãó
äî áåíçî(íàôòî)ä³îêñèí-4(1)-îí³â, ÿê³ ï³ä ä³ºþ
ðåãåíòó POCl3/DMF ïåðåòâîðþþòüñÿ â õëîð-
ïîõ³äí³ êñàíòåíó ç äâîìà ðåàêö³éíèìè öåíòðà-
ìè: ðóõëèâèé àòîì õëîðó òà äèìåòèëàì³íîãðóïà
[14]. Ö³êàâèì áóëî âèâ÷èòè íîâå ïåðåãðóïóâàí-
íÿ ç âèêîðèñòàííÿì åëåêòðîô³ëüíîãî àãåíòó
PBr3/DMF â ÿêîñò³ ³í³ö³àòîðà ïåðåãðóïóâàííÿ âè-
õ³äíèõ ñóáñòðàò³â, îñê³ëüêè öå äîçâîëèòü ââåñòè
àòîìó áðîìó ó ïðîäóêòè ðåàêö³¿.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Íîâ³ áðîìïîõ³äí³ êñàíòåíó2a–d, 3e îäåð-

æàíî ïðè âçàºìîä³¿ â³äïîâ³äíèõ áåíçî(íàôòî)-
ä³îêñèí-4(1)-îí³â ³ç íàäëèøêîì ðåàãåíòó
Â³ëüñìàéºðà-Õààêà (PBr3/DMF) ïðè òåìïåðàòóð³
1100Ñ ïðîòÿãîì 2 ãîä ç íàñòóïíèì äîäàâàííÿì
íàòð³é ïåðõëîðàòó ï³ñëÿ îõîëîäæåííÿ ðåàêö³é-
íî¿ ñóì³ø³ (ñõåìà 1). Ðåàãåíò Â³ëüñìàéºðà-Õààêà
îäåðæóâàëè çà îïèñàíèì ìåòîäîì [15], àëå ïðè
ìîëüíîìó ñï³ââ³äíîøåíí³ PBr3/DMF=1:3. Ñèí-
òåçîâàí³ ïðîäóêòè áóëî âèä³ëåíî ó âèãëÿä³ îðãà-
í³÷íèõ ïåðõëîðàò³â ç ïîì³ðíèìè âèõîäàìè.
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Ñõåìà 2

Áóäîâó ñïîëóê ï³äòâåðäæåíî äàíèìè êîì-
ïëåêñó ñïåêòðàëüíèõ äàíèõ ßÌÐ 1H,13C-ñïåê-
òðîñêîï³¿ òà ìàñ-ñïåêòðîìåòð³¿. Íà â³äì³íó â³ä
âèõ³äíèõ ñïîëóê, ó ßÌÐ1H ñïåêòðàõ ïðîäóêò³â
ïåðåãðóïóâàííÿ 2a–d º õàðàêòåðíîþ ïîÿâà ñèã-
íàëó ïðîòîíà CH àçîìåòèíîâîãî ôðàãìåíòó â ä³-
àïàçîí³ ñëàáêîãî ïîëÿ 8,39–8,76 ì.÷. ³ ñèãíàë³â
àòîì³â âîäíþ ìåòèëüíèõ ãðóï, ùî íàëåæàòü äè-
ìåòèëàì³íîãðóï³. Â³äñóòí³ñòü ñèãíàëó âóçëîâîãî
àòîìà âóãëåöþ â ñïåêòð³ ßÌÐ13C îäåðæàíîãî
êñàíòåíó2a òà ïîÿâà ñèãíàëó àòîìà âóãëåöþ
àçîìåòèíîâîãî ôðàãìåíòà ç õ³ì³÷íèì çñóâîì
167,4 ì.÷. ñâ³ä÷èòü íà êîðèñòü ïåðåáóäîâè âóãëå-
öåâîãî êàðêàñó.

Íàìè çàïðîïîíîâàíî íàñòóïíèé ìåõàí³çì
íîâîãî ïåðåãðóïóâàííÿ (ñõåìà 2).

Íà â³äì³íó â³ä îðãàí³÷íèõ ïåðõëîðàò³â ó
ðîáîò³ [12], ëóæíèé ã³äðîë³ç öèõ ñîëåé 2a–d íå
ïðèâîäèòü äî óòâîðåííÿ ôîðì³ëïîõ³äíèõ. Óìî-
âè êèñëîòíîãî ã³äðîë³çó áóëî îáðàíî íà ïðèêëàä³
ïðîäóêòó ïåðåãðóïóâàííÿ 2e, â ðåçóëüòàò³ ÿêîãî
îäåðæàíî ôîðì³ëïîõ³äíåêñàíòåíó 3e (Ñõåìà 3).
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Áåçñóìí³âíèì äîêàçîì áóäîâè àëüäåã³äó 3å
º ñèãíàë àòîìà âîäíþ àëüäåã³äíî¿ ãðóïè ïðè
10,3 ì.÷. â ßÌÐ 1H ñïåêòð³.

Ðåàãåíò Â³ëüñìàºðà-Õààêà (PBr3/DMF) âè-
ÿâèâñÿ åôåêòèâíèì ³í³ö³àòîðîì ïåðåãðóïóâàí-
íÿ ñï³ðîïîõ³äíèõáåíçî(íàôòî)ä³îêñèí-4(1)-îí³â,
â ðåçóëüòàò³ ÿêîãî ìîæëèâî â îäíó ñòàä³þ îäåð-
æàòè íîâ³ áðîìïîõ³äí³ êñàíòåíè 2a-d, 3e ç äâî-
ìà àêòèâíèìè ðåàêö³éíèìè öåíòðàìè. Íà ¿õ îñ-
íîâ³ ìîæëèâèé ñèíòåç íîâèõ êñàíòåíîâèõ áàðâ-
íèê³â ç ïðîãíîçîâàíèìè ôîòîô³çè÷íèìè âëàñ-
òèâîñòÿìè.

Âèñíîâêè
Òàêèì ÷èíîì, â ðåçóëüòàò³ åëåêòðîô³ëüíî-

ãî ïåðåãðóïóâàííÿ áåíçî(íàôòî)ä³îêñèí-4(1)-
îí³â ï³ä ä³ºþ ðåàãåíòó Â³ëüñìàºðà-Õààêà
(PBr3/DMF) çà òåìïåðàòóðè 1100Ñ ïðîòÿãîì
2 ãîä â³äáóâàºòüñÿ òðàíñôîðìàö³ÿ âóãëåöåâîãî
ñêåëåòó ç óòâîðåííÿì ðàí³øå íåâ³äîìèõ ôóíêö³-
îíàë³çîâàíèõ ïîõ³äíèõ êñàíòåíó – ïåðñïåêòèâ-
íèõ á³ëä³íã-áëîê³â äëÿ ïîäàëüøèõ õ³ì³÷íèõ ïå-
ðåòâîðåíü.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñïåêòðè 1HßÌÐ òà 13CßÌÐ çàïèñàíî ç âè-

êîðèñòàííÿì ïðèáîðó Bruker Avance II 400
(400,13 ÌÃö ³ 100,62 ÌÃö äëÿ 1H³13C, â³äïîâ³ä-
íî) ó ÄÌÑÎ-d6 ç Me4Si ÿê âíóòð³øíüîìó ñòàí-
äàðò³. Ìàñ-ñïåêòðè îòðèìàíî íà ïðèáîð³ MX1321
³ç âèêîðèñòàííÿì ñèñòåìè ïðÿìîãî ââåäåííÿ
çðàçêà ïðè òåìïåðàòóð³ êàìåðè ³îí³çàö³¿ 2000C ³
åíåðã³¿ ³îí³çóþ÷èõ åëåêòðîí³â 70 åÂ. Ñïåêòðè
ÁØÀ ðåºñòðóâàëèñÿ íà ñïåêòðîìåòð³ VG7070.
Äåñîðáö³ÿ ³îí³â ³ç ðîç÷èíó çðàçê³â ó ì-í³òðîáåí-
çèëîâîìó ñïèðò³ çä³éñíþâàëàñÿ ïó÷êîì àòîì³â
àðãîíó ³ç åíåðã³ºþ 8 êåÂ. Åëåìåíòíèé àíàë³ç
ïðîâîäèëè íà ïðèëàä³ LECOCHN-900. Êîíòðîëü
ðåàêö³é òà ÷èñòîòè îòðèìàíèõ ñïîëóê êîíòðî-
ëþâàëè çà äîïîìîãîþ ÒØÕ íà ïëàñòèíêàõ
MerckSilicagel 60 F-254 ç 10:1 CHCl3–i-PrOH
(åëþåíò). Òî÷êè ïëàâëåííÿ çàì³ðþâàëè çà äîïî-
ìîãîþ öèôðîâîãî àïàðàòà Electrothermal 9100
Digital Melting Point.

Ñèíòåç ñïîëóê 2a–d (îñíîâíèé ìåòîä)
Ïðè îõîëîäæåí³ ëüîäîì ãîòóþòü ðåàãåíò

Â³ëüñìàéºðà-Õààêà ç PBr3 (0,86 ìë, 0,009 ìîëü)
òà DMF (2,09 ìë, 0,027 ìîëü). Ñïîëóêè 1a–d
äîäàþòü äî ðåàãåíòó Â³ëüñìàéºðà-Õààêà. Ðåàê-
ö³éíó ñóì³ø ãð³þòü ïðè 1100C ïðîòÿãîì 2 ãîä.
Ïîò³ì ðåàêö³éíó ñóì³ø îõîëîäæóþòü äî 100C ³
îáðîáëÿþòü êðèæàíèì 15% âîäíèì ðîç÷èíîì
NaClO4 (15 ìë). Îñàä ñîëåé ô³ëüòðóþòü, ñóøàòü
³ êðèñòàë³çóþòü ç CH3CN.

N-[(9-Áðîìî-1,2-äèã³äðîöèêëîïåíòà[b]-õðî-
ìåí-3-³ë)ìåòèëåí]-N-ìåòèëìåòàíàì³í³óì ïåðõëî-

ðàò (2a)
Âèõ³ä 68%, Òïë 292–2950Ñ. 1H ßÌÐ (400

ÌÃö, ÄÌÑÎ-d6), , ì.÷. (J, Ãö): 2,88 (2H, ì, CH2);
3,07–3,09 (2H, ì, CH2); 3,48 (3H, ñ, CH3); 3,56
(3H, ñ, CH3); 7,39–7,45 (2H, ì, 2HAr); 7,61–7,66
(2H, ì, 2HAr); 8,39 (1H, ñ, CH).13C ßÌÐ (100
ÌÃö, ÄÌÑÎ-d6), , ì.÷.: 25,2; 27,6; 41,2; 49,2;
107,9; 116,5; 120,9; 124,8; 126,3; 126,5; 132,4; 138,8;
151,3; 156,4; 167,4. Ìàñ-ñïåêòð (ÁØÀ), m/z (Iâ³ä,
%): 306 [M (81Br)]+ (100), 304 [M (79Br)]+ (90).

N-[(9-Áðîìî-2,3-äèã³äðî-1H-êñàíòåí-4-³ë)-
ìåòèëåí]-N-ìåòèëìåòàíàì³í³óì ïåðõëîðàò (2b)

Âèõ³ä 60%, Òïë 196–1990Ñ. 1H ßÌÐ (400
ÌÃö, ÄÌÑÎ-d6), , ì.÷. (J, Ãö): 1,80 (2H, ì, CH2);
2,73 (2H, ì, CH2); 2,80 (2H, ì, CH2); 3,52 (3H, ñ,
CH3); 3,63 (3H, ñ, CH3); 7,42 (1H, ò, 3J=7,3, HAr);
7,54 (1H, ä, 3J=7,8, HAr); 7,67 (1H, ò, 3J=7,3, HAr);
7,76 (1H, ä, 3J=7,8, HAr); 8,76 (1H, ñ, CH).Ìàñ-
ñïåêòð (ÁØÀ), m/z (Iâ³ä, %): 320 [M (81Br)]+ (100),
318 [M (79Br)]+ (96).

N-[(9-Áðîìî-2-ìåòèë-2,3-äèã³äðî-1H-êñàí-
òåí-4-³ë)ìåòèëåí]-N-ìåòèëìåòàíàì³í³óì ïåðõëî-
ðàò (2c)

Âèõ³ä 59%, Òïë 133–1350Ñ. 1H ßÌÐ (400 ÌÃö,
ÄÌÑÎ-d6), , ì.÷. (J, Ãö): 1,08 (3H, ä, 3J=6,4,
CH3); 1,87–1,91 (1H, ì, CH); 2,32–2,42 (2H, ì,
CH2); 2,79–2,83 (1H, ì, CH2); 2,96–3,01 (1H, ì,
CH2); 3,52 (3H, ñ, CH3); 3,63 (3H, ñ, CH3); 7,42
(1H, ò, 3J=7,8, HAr); 7,54 (1H, ä, 3J=7,8, HAr);
7,67 (1H, ò, 3J=7,8, HAr); 7,76 (1H, ä, 3J=7,8, HAr);
8,75 (1H, ñ, CH). Ìàñ-ñïåêòð (ÁØÀ), m/z (Iâ³ä,
%): 334 [M (81Br)]+ (100), 332 [M (79Br)]+ (87).

N-[(12-Áðîìî-10-ìåòèë-10,11-äèã³äðî-9H-
áåíçî[a]êñàíòåí-8-³ë)ìåòèëåí]-N-ìåòèëìåòàíàì-
³í³óì ïåðõëîðàò (2d)

Âèõ³ä 58%, Òïë 1750Ñ. 1H ßÌÐ (400 ÌÃö,
ÄÌÑÎ-d6), , ì.÷. (J, Ãö): 1,09–1,13 (3H, ì, Me);
1,86–1,93 (1H, ì, CH); 2,30–2,37 (2H, ì,
CH2);2,83–2,88 (1H, ì, CH2); 3,05–3,09 (1H, ì,
CH2);3,53 (3H, ñ, Me); 3,63 (3H, ñ, Me); 7,65–
7,66 (1H, ì, H Ar); 7,72–7,79 (2H, ì, H Ar); 8,08–
8,09 (1H, ì, H Ar); 8,27–8,26 (1H, ì, H Ar); 8,65
(1H, ñ, CH); 9,34–9,35 (1H, ì, H Ar). Ìàñ-ñïåêòð
(ÁØÀ), m/z (Iâ³ä, %): 384 [M (81Br)]+ (100), 382
[M (79Br)]+ (87).

11-Áðîìî-7,8,9,10-òåòðàã³äðîöèêëîãåïòà[b]-
õðîìåí-6-êàðáàëüäåã³ä (3e)

Ïðè îõîëîäæåí³ ëüîäîì ãîòóþòü ðåàãåíò
Â³ëüñìàéºðà-Õààêà ç PBr3 (0,86 ìë, 0,009 ìîëü)
òà DMF (2,09 ìë, 0,027 ìîëü). Ñïîëóêó 1e
(0,003 ìîëü) äîäàþòü äî ðåàãåíòó Â³ëüñìàéºðà-
Õààêà. Ðåàêö³éíó ñóì³ø ãð³þòü ïðè 1100C ïðî-
òÿãîì 2 ãîä. Ïîò³ì ðåàêö³éíó ñóì³ø îõîëîäæó-
þòü äî 100C ³ îáðîáëÿþòü êðèæàíèì 15% âîä-
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íèì ðîç÷èíîì NaClO4 (15 ìë). Îñàä ñîë³ ô³ëüòðó-
þòü. Ïîò³ì ¿¿ ðîç÷èíÿþòü â àöåòîí³òðèë³, äîäà-
þòü 2 ìë 20% âîäíîãî ðîç÷èíó îöòîâî¿ êèñëîòè
³ çàëèøàþòü íà 18 ãîä ïðè ê³ìíàòí³é òåìïåðà-
òóð³. Îäåðæàí³ êðèñòàëè ô³ëüòðóþòü ³ î÷èùàþòü
êðèñòàë³çàö³ºþ ç àöåòîí³òðèëó.

Âèõ³ä 55%,Òïë107–1100Ñ. 1H ßÌÐ (400 ÌÃö,
ÄÌÑÎ-d6), , ì.÷. (J, Ãö): 1,61–1,68 (2H, ì, CH2);
1,75–1,82 (2H, ì, CH2); 2,44–2,46 (2H, ì, CH2);
2,90–2,93 (2H, ì, CH2); 7,21–7,28 (2H, ì, HAr);
7,43–7,47 (1H, ì, HAr); 7,56–7,58 (1H, ì, HAr);
10,30 (1H, ñ, CHO).Ìàñ-ñïåêòð (ÅÓ), m/z (Iâ³ä,
%): 306 [M (81Br)]+ (28), 304 [M (79Br)]+ (27). Çíàé-
äåíî (%): C 59,15; H 4,41. Ðîçðàõîâàíî äëÿ
C15H13BrO2(%): C 59,04; H 4,29.
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We have proposed a method for the synthesis of previously
unknown bromo xanthenes using the reagent PBr3/DMF as a
rearrangement initiator. Bromo derivatives of xanthenes in the
form of organic perchlorates were prepared by reacting the
corresponding benzo(naphtho)dioxin-4(1)-ones with a three-fold
excess of Vilsmeier-Haack PBr3/DMF reagent at 1100C for 2
hours, followed by the addition of sodium perchlorate. The
conditions for the synthesis of formyl derivatives of xanthenes
under conditions of acid hydrolysis were selected. The structure
of the compounds was confirmed by 1H and13C NMR spectral
dataand mass spectrometry. Preliminary studies showed that it is
possible to selectively replace the dimethylamino group and the
bromine atom with various nucleophiles in bromo derivatives of
xanthenes, which opens up wide possibilities for the synthesis of
low-molecular building blocks and dyes.

Keywords: rearrangement; Vilsmeier-Haack reagent;
condensation; derivatives of 1,3-benzo(naphtho)dioxin; derivatives
of xanthene.
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