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Â äàí³é ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ ïðîöåñó åëåêòðîô³ëüíî¿ âíóòð³-

øíüîìîëåêóëÿðíî¿ öèêë³çàö³¿ 2-öèíàì³ëò³îáåíçîò³àçîëó ãàëîãåíàìè òà òåëóðîãàëî-

ãåí³äàìè. 2-Öèíàì³ëò³îáåíçîò³àçîë îäåðæóâàëè àëê³ëóâàííÿì ìåðêàïòîáåíçîò³àçî-

ëó öèíàì³ëõëîðèäîì â ïðèñóòíîñò³ àëêîãîëÿòó íàòð³þ â ñïèðòîâîìó ñåðåäîâèù³.

Âñòàíîâëåíî, ùî â ðåçóëüòàò³ ãàëîöèêë³çàö³¿ ìîäåëüíîãî 2-öèíàì³ëò³îáåíçîò³àçîëó

íàäëèøêîì ãàëîãåíó àíåëþºòüñÿ ò³àçèíîâèé öèêë ç óòâîðåííÿì 3-ãàëîãåíî-4-ôåí³ë-

3,4-äèã³äðî-2H-[1,3]ò³àçèíî[2,3-b][1,3]áåíçîò³àçîë³é òðèãàëîãåí³ä³â, ÿê³ åôåêòèâíî

äåãàëîãåíóþòüñÿ àöåòîíîì ÷è íàòð³é ñóëüô³òîì ç óòâîðåííÿì ìîíîãàëîãåí³ä³â. Ãà-

ëîöèêë³çàö³ÿ öèíàì³ëüíîãî ò³îåòåðó áåíçîò³àçîëó áðîì³äîì éîäó â õëîðîôîðì³ ïðè-

âîäèòü äî âèä³ëåííÿ áðîì³äó 3-éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçèíî[2,3-b]-

[1,3]áåíçîò³àçîë³þ, ÿêèé ðåàêö³ºþ ³îííîãî îáì³íó ä³ºþ êàë³é éîäèäó â àöåòîí³ ïå-

ðåâåäåíî â éîäèä 3-éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçèíî[2,3-b][1,3]-áåíçîò³à-

çîë³þ. Ïðè ä³¿ íàòð³é ïåðõëîðàòó â ìåòàíîë³ íà áðîì³ä 3-áðîìî-4-ôåí³ë-3,4-äèã³ä-

ðî-2H-[1,3]ò³àçèíî[2,3-b][1,3]áåíçîò³àçîë³þ ñèíòåçîâàíèé â³äïîâ³äíèé ïåðõëîðàò.

Ñïåêòðàëüí³ õàðàêòåðèñòèêè (ßÌÐ 1Í) òðèãàëîãåí³ä³â, ìîíîãàëîãåí³ä³â ³ ïåðõëîðà-

òó âêàçóþòü íà çáåðåæåííÿ ñòðóêòóðè êàò³îíà ò³àçèíîáåíçîò³àçîë³þ ïðè ðåàêö³ÿõ

³îííîãî îáì³íó. Òåëóðî³íäóêîâàíà öèêë³çàö³ÿ öèíàì³ëüíîãî ò³îåòåðó áåíçîò³àçîëó

íå â³äáóâàºòüñÿ. Ïðè ä³¿ íà 2-öèíàì³ëò³îáåíçîò³àçîë òåëóð ä³îêñèäó â íàäëèøêó

ãàëîãåí³äíî¿ êèñëîòè ïðîõîäèòü ïðîòîíóâàííÿ í³òðîãåíó áåíçîò³àçîëüíîãî öèêëó ³

óòâîðþþòüñÿ àêâàêîìïëåêñè áåíçîò³àçîë³í³é ãåêñàãàëîãåíîòåëóðàò³â. Íàòîì³ñòü, ä³ÿ

ï-àëêîêñèôåí³ëòåëóðòðèõëîðèä³â íà öèíàì³ëüíèé ò³îåòåð áåíçîò³àçîë ïðèâîäèòü äî

óòâîðåííÿ ìîëåêóëÿðíèõ êîìïëåêñ³â ó ñï³ââ³äíîøåíí³ ò³îåòåð:åëåêòðîô³ë 2:1. Â

ðåçóëüòàò³ çä³éñíåíèõ äîñë³äæåíü îäåðæàíî ïîòåíö³éíî á³îëîã³÷íî àêòèâí³ ãàëîãå-

í³äè ò³àçèíîáåíçîò³àçîë³þ.

Êëþ÷îâ³ ñëîâà: åëåêòðîô³ëüíà âíóòð³øíüîìîëåêóëÿðíà öèêë³çàö³ÿ, 2-öèíàì³ëò³î-

áåíçîò³àçîë, ðåã³îñåëåêòèâí³ñòü, ãàëîãåí³äè 3-ãàëîãåíî-4-ôåí³ë-3,4-äèã³äðî-2H-

[1,3]ò³àçèíî[2,3-b][1,3]áåíçîò³àçîë³þ, ãåêñàãàëîãåíîòåëóðàòè áåíçîò³àçîë³í³þ.
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Âñòóï

Öèêë áåíçîò³àçîëó º äîñòàòíüî äîáðå äîñë-
³äæåíèé ÿê ñêàôîëä äëÿ îäåðæàííÿ ö³ëî¿ íèçêè
êîíäåíñîâàíèõ ³ ã³áðèäíèõ ïîë³öèêë³÷íèõ ãåòå-
ðîöèêë³â, ÿê³ ïðîÿâëÿþòü ð³çíîìàí³òí³ á³-
îëîã³÷í³ àêòèâíîñò³ [1–5]. Îäíèì ³ç øëÿõ³â ñèí-
òåçó êîíäåíñîâàíèõ ãåòåðîöèêë³â íà îñíîâ³  áåí-
çîò³àçîëó º ðåàêö³¿ åëåêòðîô³ëüíî¿ âíóòð³øíüî-

ìîëåêóëÿðíî¿ öèêë³çàö³¿ éîãî N- òà S-àëêåí³ëü-
íèõ ïîõ³äíèõ ï³ä ä³ºþ ãàëîãåíîâì³ñíèõ åëåêòðî-
ô³ëüíèõ ðåàãåíò³â [6]. Â³äîì³ ðåàêö³¿ ãàëîãåíî-
öèêë³çàö³¿ òåðì³íàëüíèõ àë³ëüíèõ ò³îåòåð³â áåí-
çîò³àçîëó, ùî ïðèâîäÿòü äî àíåëþâàííÿ ò³àçîëü-
íîãî öèêëó [7]. Öèêë³çàö³¿ æ ³íòåðíàëüíèõ àë³-
ëüíèõ ò³îåòåð³â ä³ºþ ð³çíîìàí³òíèõ ãàëîãåíîâ-
ì³ñíèõ åëåêòðîô³ëüíèõ ðåàãåíò³â äîñë³äæåí³ íå-
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äîñòàòíüî. Òîìó ìåòîþ ðîáîòè º äîñë³äæåííÿ
ðåàêö³é åëåêòðîô³ëüíî¿ öèêë³çàö³¿ öèíàì³ëüíî-
ãî ò³îåòåðó áåíçîò³àçîëó ï³ä ä³ºþ ãàëîãåí³â òà
õàëüêîãåíãàëîãåí³ä³â.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ñïåêòðè ßÌÐ 1H (400 MHz) òà 13C (100 MHz)
îòðèìàíî íà ñïåêòðîìåòð³ Mercury-400 â³äíîñ-
íî ÒÌÑ. Òåìïåðàòóðè ïëàâëåííÿ âèçíà÷åí³ íà
ïðèëàä³ Stuart SMP30. Åëåìåíòíèé àíàë³ç âèêî-
íàíî íà ïðèëàä³ Elementar Vario MICRO.

2-Öèíàì³ëò³îáåíçîò³àçîë 2
Äî 10 ììîëü áåíçîò³àçîë-2-ò³îíó äîäàþòü

åòàíîëüíèé ðîç÷èí åòèëàòó íàòð³þ (10 ììîëü
íàòð³þ â ó 15 ìë åòàíîëó) äî ïîâíîãî ðîç÷èíåí-
íÿ. Äî óòâîðåíîãî ðîç÷èíó äîäàþòü 10 ììîëü
öèíàì³ë õëîðèäó ³ ïåðåì³øóþòü ïðè ê³ìíàòí³é
òåìïåðàòóð³ 12 ãîäèí. Îñàä á³ëîãî êîëüîðó
ô³ëüòðóþòü, ïðîìèâàþòü åòàíîëîì ³ ïåðåêðèñ-
òàë³çîâóþòü ç ìåòàíîëó. Âèõ³ä 65%. Òïë 57–600Ñ.
1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 4.24 (ä, 2Í),
6,48 (ì, 1Í), 6,78 (ä, 1Í), 7,26 (ò, 1Í), 7,31 (ò,
2Í), 7,36 (ò, 1Í), 7,42 (ä, 2Í), 7,47 (ò, 1Í), 7,90
(ä, 1Í), 8,01 (ä, 1Í). 13Ñ ßÌÐ (100 Ãö, ÄÌÑÎ-
d6):  (ì.÷.) 35,4; 121,3; 121,9; 124,0; 124,6; 126,5;
128,0; 128,8; 133,9; 134,8; 136,2; 152,8; 166,1.

3-Éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é òðèéîäèä 3

Äî 0,35 ììîëü 2-öèíàì³ëò³îáåíçîò³àçîëó,
ðîç÷èíåíîãî ó 5 ìë õëîðîôîðìó, äîäàþòü 0,7
ììîëü éîäó, ðîç÷èíåíîãî ó 10 ìë õëîðîôîðìó,
ïåðåì³øóþòü ïðè ê³ìíàòí³é òåìïåðàòóð³ ïðîòÿ-
ãîì 9 ãîä. Îñàä òåìíî-êîðè÷íåâîãî êîëüîðó
ô³ëüòðóþòü, ïðîìèâàþòü õëîðîôîðìîì, ñóøàòü
íà ïîâ³òð³. Âèõ³ä 59%. Òïë 137–1380Ñ. 1Í ßÌÐ
(400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 3,40 (ä, 1Í), 3,70 (ä,
1Í), 5,69 (ì, 1Í), 6,99 (ñ, 1Í), 7,33 (ä, 2Í), 7,45
(ì, 3Í), 7,73 (ì, 2Í), 7,85 (ì, 1Í), 8,43 (ò, 1Í).
13Ñ ßÌÐ (100 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 17,4; 34,0;
66,5; 114,8; 124,7; 126,3; 127,6; 128,4; 129,3; 129,8;
135,5; 140,8; 176,0. Ðîçðàõîâàíî äëÿ C16H13I4NS2,
%: C 24,27; H 1,64; N 1,77. Çíàéäåíî, %: C 25,16;
H 1,55; N 1,86.

3-Áðîìî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é òðèáðîì³ä 4

Ìåòîä À
Äî 0,35 ììîëü 2-öèíàì³ëò³îáåíçîò³àçîëó,

ðîç÷èíåíîãî ó 5 ìë õëîðîôîðìó, äîäàþòü 0,7 ììîëü
áðîìó, ðîç÷èíåíîãî ó 10 ìë õëîðîôîðìó, ïåðå-
ì³øóþòü ïðè ê³ìíàòí³é òåìïåðàòóð³ ïðîòÿãîì
5 ãîä. Îñàä æîâòîãî êîëüîðó ô³ëüòðóþòü, ïðî-
ìèâàþòü õëîðîôîðìîì, ñóøàòü íà ïîâ³òð³. Âèõ³ä
78%. Òïë 176–1770Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-
d6):  (ì.÷.) 3,56 (ä, 1Í), 3,85 (ä, 1Í), 5,80 (ì,
1Í), 7,05 (ñ, 1Í), 7,35 (ò, 2Í), 7,45 (ì 3Í), 7,71

(ì, 2Í), 7,85 (ì, 1Í), 8,44 (ì, 1Í). 13Ñ ßÌÐ (100
Ãö, ÄÌÑÎ-d6):  (ì.÷.) 32,6; 42,5; 65,7; 115,3;
125,7; 126,7; 128,1; 128,8; 129,7; 130,2; 135,2; 141,2;
176,6. Ðîçðàõîâàíî äëÿ C16H13Br4NS2, %: C 31,84;
H 2,16; N 2,32. Çíàéäåíî, %: C 32,16; H 1,95; N
2,46.

Ìåòîä Â
Äî 0,15 ììîëü áðîì³äó 6, ðîç÷èíåíîãî â 10 ìë

ëüîäÿíî¿ îöòîâî¿ êèñëîòè, äîäàþòü 0,15 ììîëü
áðîìó, ðîç÷èíåíîãî â 10 ìë ëüîäÿíî¿ îöòîâî¿
êèñëîòè. Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü 4 ãîä.
Îñàä æîâòîãî êîëüîðó ô³ëüòðóþòü, ïðîìèâàþòü
ëüîäÿíîþ îöòîâîþ êèñëîòîþ. Âèõ³ä 81%. Òïë

176–1770Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.)
3,56 (ä, 1Í), 3,82 (ä, 1Í), 5,79 (ì, 1Í), 7,03 (ñ,
1Í), 7,33 (ì, 2Í), 7,45 (ì, 3Í), 7,70 (ì, 2Í), 7,84
(ì, 1Í), 8,42 (ì, 1Í).

3-Éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é éîäèä 5

Ìåòîä À
Äî 0,2 ììîëü òðèéîäèäó â 5 ìë àöåòîíó

äîäàþòü íàñè÷åíèé ðîç÷èí íàòð³é ñóëüô³òó ³
ïåðåì³øóþòü 2 ãîä. Îñàä ñâ³òëî-êîðè÷íåâîãî
êîëüîðó ô³ëüòðóþòü, ïðîìèâàþòü âîäîþ òà àöåòî-
íîì. Âèõ³ä 48%. Òïë 141–1420Ñ. 1Í ßÌÐ (400 Ãö,
ÄÌÑÎ-d6):  (ì.÷.) 3,42 (ä, 1Í), 3,71 (ä, 1Í),
5,71 (ì, 1Í), 7,05 (ñ, 1Í), 7,30 (ä, 2Í), 7,48 (ì,
3Í), 7,72 (ì, 2Í), 7,86 (ì, 1Í), 8,46 (ò, 1Í).
Ðîçðàõîâàíî äëÿ C16H13I2NS2, %: C 35,75; H 2,42;
N 2,61. Çíàéäåíî, %: C 34,98; H 2,41; N 2,43.

Ìåòîä B
Äî ðîç÷èíó 0,36 ììîëü áðîì³äó 7 â 10 ìë

àöåòîí³ äîäàþòü ðîç÷èí 0,44 ììîëü êàë³é éîäè-
äó â 10 ìë àöåòîíó. Ðåàêö³éíó ñóì³ø ïåðåì³øó-
þòü 4 ãîä. Îñàä ñâ³òëî-êîðè÷íåâîãî êîëüîðó
ô³ëüòðóþòü, ïðîìèâàþòü âîäîþ. Âèõ³ä 54%. Òïë

142–1430Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷)
3,35 (ä, 1Í), 3,69 (ä, 1Í), 5,68 (ì, 1Í), 6,98 (ñ,
1Í), 7,32 (ì, 2Í), 7,44 (ì, 3Í), 7,71 (ñ, 2Í), 7,84
(ì, 1Í), 8,42 (ì, 1Í).

3-Áðîìî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é áðîì³ä 6

Äî 0,2 ììîëü òðèáðîì³äó äîäàþòü 10 ìë
àöåòîíó ³ ïåðåì³øóþòü 30 õâ. Îñàä ñâ³òëî-æîâ-
òîãî êîëüîðó ô³ëüòðóþòü, ïðîìèâàþòü àöåòîíîì.
Âèõ³ä 48%. Òïë 207–2080Ñ. 1Í ßÌÐ (400 Ãö,
ÄÌÑÎ-d6):  (ì.÷.) 3,55 (ä, 1Í), 3,84 (ä, 1Í),
5,80 (ì, 1Í), 7,06 (ñ, 1Í), 7,33 (ä, 2Í), 7,44 (ñ,
3Í), 7,70 (ä, 2Í), 7,86 (ä, 1Í), 8,46 (ä, 1Í). Ðîç-
ðàõîâàíî äëÿ C16H13Br2NS2, %: C 43,34; H 2,93;
N 3,16. Çíàéäåíî, %: C 44,06; H 2,95; N 3,46.

3-Éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é áðîì³ä 7

Äî 1 ììîëü 2-öèíàì³ëò³îáåíçîò³àçîëó, ðîç-
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÷èíåíîãî ó 5 ìë ëüîäÿíî¿ îöòîâî¿ êèñëîòè, äî-
äàþòü 20 ìë ðîç÷èíó áðîì³äó éîäó (Ñ(IBr)=
=0,05 ìîëü/ë). Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü
ïðè ê³ìíàòí³é òåìïåðàòóð³ ïðîòÿãîì 5 ãîä. Îñàä
ñâ³òëî-æîâòîãî êîëüîðó ô³ëüòðóþòü, ïðîìèâàþòü
ëüîäÿíîþ îöòîâîþ êèñëîòîþ, ñóøàòü íà ïîâ³òð³.
Âèõ³ä 48%. Òïë 171–1730Ñ. 1Í ßÌÐ (400 Ãö,
ÄÌÑÎ-d6):  (ì.÷.) 3,38 (ä, 1Í), 3,69 (ä, 1Í),
5,68 (ì, 1Í), 6,99 (ñ, 1Í), 7,32 (ì, 2Í), 7,44 (ì,
3Í), 7,71 (ì, 2Í), 7,84 (ò, 1Í), 8,42 (ò, 1Í). Ðîç-
ðàõîâàíî äëÿ C16H13BrINS2, %: C 39,18; H 2,65;
N 2,86. Çíàéäåíî, %: C 40,08; H 2,75; N 3,02.

3-Áðîìî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçè-
íî[2,3-b][1,3]áåíçîò³àçîë³é ïåðõëîðàò 8

Äî ðîç÷èíó 0,24 ììîëü áðîì³äó 6 â 10 ìë
ìåòàíîë³ äîäàþòü ðîç÷èí 0,29 ììîëü íàòð³é ïåð-
õëîðàòó â 5 ìë ìåòàíîë³. Ðåàêö³éíó ñóì³ø ïåðå-
ì³øóþòü 8 ãîä. Îñàä á³ëîãî êîëüîðó ô³ëüòðóþòü,
ïðîìèâàþòü âîäîþ. Âèõ³ä 42%. Òïë 257–2590Ñ.
1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 3,55 (ä, 1Í),
3,82 (ä, 1Í), 5,79 (ì, 1Í), 7,03 (ñ, 1Í), 7,33 (ò,
2Í), 7,45 ( ì, 3Í), 7,71 (ò, 2Í), 7,84 (ì, 1Í), 8,42
(ì, 1Í). Ðîçðàõîâàíî äëÿ C16H13ClBrNOS2, %: C
41,51; H 2,81; N 3,02. Çíàéäåíî, %: C 40,91; H
2,77; N 3,13.

Ìåòîäèêà ñèíòåçó ãåêñàãàëîãåíîòåëóðàò³â
2-öèíàì³ëáåíçîò³àçîë³þ 9, 10

Äî 0,35 ììîëü 2-öèíàì³ëò³îáåíçîò³àçîëó,
ðîç÷èíåíîãî ó 5 ìë õëîðîôîðìó ÷è îöòîâî¿ êèñ-
ëîòè, äîäàþòü ðîç÷èí òåëóðãåêñàãàëîãåí³äíî¿
êèñëîòè, îòðèìàíî¿ ïðè ðîç÷èíåíí³ 0,35 ììîëü
òåëóð (IV) îêñèäó ó 6-êðàòí³é ê³ëüêîñò³ ãàëîãå-
í³äíî¿ êèñëîòè (HBr, HCl). Ðåàêö³éíó ñóì³ø ïå-
ðåì³øóþòü 1,5 ãîäèíè (Í2TeCl6) ³ 6 ãîäèí
(Í2TeBr6). Îñàä ô³ëüòðóþòü, ïðîìèâàþòü õëîðî-
ôîðìîì ÷è îöòîâîþ êèñëîòîþ, ñóøàòü íà ïîâ³òð³.

Ãåêñàáðîìîòåëóðàò 2-öèíàì³ëáåíçîò³àçîë³þ
äèã³äðàò 9

Âèõ³ä 65%. Ïîìàðàí÷åâà òâåðäà ðå÷îâèíà.
Òïë 152–1530Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6): d
(ì.÷.) 4,22 (ä, 2Í), 6,45 (ì, 1Í), 9,77 (ä, 1Í),
7,23 (ò, 1Í), 7,31 (ò, 2Í), 7,36 (ä, 1Í), 7,41 (ä,
2Í), 7,46 (ò, 1Í), 7,87 (ä, 1Í), 8,00 (ä, 1Í). 13Ñ
ßÌÐ (100 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 35,4; 121,3;
121,9; 124,0; 124,6; 126,5; 128,0; 128,8; 133,9. Ðîç-
ðàõîâàíî äëÿ C16H18Br6NO2S2Te0,5, %: C 22,22; H
2,08; N 1,62. Çíàéäåíî, %: C 20,91; H 2,17; N
1,53.

Ãåêñàõëîðîòåëóðàò 2-öèíàì³ëáåíçîò³àçîë³þ
äèã³äðàò 10

Âèõ³ä 57%. Æîâòà òâåðäà ðå÷îâèíà. Òïë 138–
1400Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 4,22
(ä, 2Í), 6,46 (ì, 1Í), 6,77 (ä, 1Í), 7,24 (ò, 1Í),
7,31 (ò, 2Í), 7,36 (ä, 1Í), 7,42 (ä, 3Í), 7,47 (ä,

1Í), 7,88 (ä, 1Í), 8,00 (ä, 1Í). 13Ñ ßÌÐ (100 Ãö,
ÄÌÑÎ-d6):  (ì.÷.) 35,4; 121,3; 121,9; 124,0; 124,6;
126,5; 128,0; 128,8; 133,9. Ðîçðàõîâàíî äëÿ
C16H18Cl6NO2S2Te0,5, %: C 32,16; H 3,02; N 2,35.
Çíàéäåíî, %: C 32,61; H 2,98; N 2,43.

Ìåòîäèêà ñèíòåçó êîìïëåêñ³â 11, 12
Äî 0,35 ììîëü ðîç÷èíó 2-öèíàì³ëò³îáåíçî-

ò³àçîëó ó 5 ìë õëîðîôîðìó ÷è îöòîâî¿ êèñëîòè
äîäàþòü 0,35 ìììîëü n-ìåòîêñ³(åòîêñ³)ôåí³ëòå-
ëóðòðèõëîðèäó, ðîç÷èíåíîãî ó 30 ìë õëîðîôîð-
ìó ÷è îöòîâî¿ êèñëîòè ³ ïåðåì³øóþòü 48 ãîäèí.
Îñàä ô³ëüòðóþòü, ïðîìèâàþòü äèåòèëîâèì åô³-
ðîì.

Êîìïëåêñ 2-öèíàì³ëò³îáåíçîò³àçîëó ç n-ìå-
òîêñ³ôåí³ëòåëóðòðèõëîðèäîì 11

Âèõ³ä 57%. Æîâòà òâåðäà ðå÷îâèíà. Òïë 125–
1270Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 3,79
(ñ, 3Í), 4,22 (ä, 2Í), 6,46 (ì, 1Í), 6,76 (ä, 1Í),
7,03 (ä, 2Í), 7,24 (ä, 1Í), 7,31 (ò, 2Í), 7,36 (ò,
1Í), 7,43 (ä, 2Í), 7,46 (ò, 1Í), 7,64 (ì, 2Í), 7,88
(ä, 1Í), 8,00 (ä, 1Í), 8,33 (ä, 2Í). Ðîçðàõîâàíî
äëÿ C16H13NS20,5C7H7Ñl3ÎTe, %: C 50,13; H 3,53;
N 2,99. Çíàéäåíî, %: C 49,68; H 3,38; N 2,69.

Êîìïëåêñ 2-öèíàì³ëò³îáåíçîò³àçîëó ç n-åòîê-
ñ³ôåí³ëòåëóðòðèõëîðèäîì 12

Âèõ³ä 57%. Æîâòà òâåðäà ðå÷îâèíà. Òïë 116–
1170Ñ. 1Í ßÌÐ (400 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 1,33
(ò, 3Í), 4,07 (ä, 2Í), 4,22 (ä, 2Í), 6,46 (ì, 1Í),
6,77 (ä, 1Í), 7,02 (ä, 2Í), 7,09 (ä, 2Í), 7,24 (ä,
1Í), 7,31 (ò, 2Í), 7,36 (ä, 1Í), 7,42 (ä, 3Í), 7,47
(ä, 1Í), 7,88 (ä, 1Í), 8,00 (ä, 2Í), 8,31 (ä, 2Í).
13Ñ ßÌÐ (100 Ãö, ÄÌÑÎ-d6):  (ì.÷.) 14,7; 35,5;
63,6; 114,0; 114,5; 121,4; 122,0; 124,1; 124,7; 126,6;
128,1; 128,9; 134,0; 134,9; 135,4; 136,2; 143,8; 152,9;
159,8; 160,5; 166,2. Ðîçðàõîâàíî äëÿ
C16H13NS20,5C9H9Ñl3ÎTe, %: C 50,67; H 3,70; N
2,96. Çíàéäåíî, %: C 49,75; H 3,45; N 2,68.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Â³äîìî, ùî 2-öèíàì³ëò³îáåíçîò³àçîë 2 îäåð-
æóþòü àëê³ëóâàííÿì äîñòóïíîãî 2-ìåðêàïòîáåí-
çîò³àçîëó [8, 9], îäíàê äàí³ ìåòîäè ïîòðåáóþòü
âèêîðèñòàííÿ êàòàë³çàòîð³â. Ìè îäåðæàëè
ò³îåòåð 2 àëê³ëóâàííÿì ìåðêàïòîáåíçîò³àçîëó 1
öèíàì³ëõëîðèäîì â ïðèñóòíîñò³ àëêîãîëÿòó íà-
òð³þ (Ñõåìà 1).

N

S

SH

Cl

EtONa/EtOH

1

N

S

S

2

Ñõåìà 1. Ñèíòåç 2-öèíàì³ëò³îáåíçîò³àçîëó 2

2-Öèíàì³ëò³îáåíçîò³àçîë ðåã³îñåëåêòèâíî
öèêë³çîâàíèé ãàëîãåíàìè (áðîì òà éîä) â õëî-
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ðîôîðì³ çà ê³ìíàòíî¿ òåìïåðàòóðè. Âñòàíîâëå-
íî, ùî â ðåçóëüòàò³ ãàëîöèêë³çàö³¿ ìîäåëüíîãî
ò³îåòåðó 2 íàäëèøêîì ãàëîãåíó àíåëþºòüñÿ ò³-
àçèíîâèé öèêë ç óòâîðåííÿì ò³àçèíîáåíçîò³-
àçîë³é òðèãàëîãåí³ä³â 3, 4, ÿê³ åôåêòèâíî äåãà-
ëîãåíóþòüñÿ àöåòîíîì ÷è íàòð³é ñóëüô³òîì ç óò-
âîðåííÿì ìîíîãàëîãåí³ä³â 5, 6 (Ñõåìà 2). Ñë³ä
çàóâàæèòè, ùî ò³àçèíîáåíçîò³àçîë³é òðèéîäèä 3
áóâ îòðèìàíèé àâòîðàìè [10], îäíàê ò³àçèíîáåí-
çîò³àçîë³é òðèáðîì³ä 4 òà â³äïîâ³äí³ ìîíîãàëî-
ãåí³äè 5, 6 ñèíòåçîâàí³ âïåðøå. Àíåëþâàííÿ ñàìå
ò³àçèíîâîãî öèêëó ï³äòâåðäæóºòüñÿ ñïåêòðàëü-
íèìè äàíèìè (ßÌÐ 1Í òà 13Ñ) òðèãàëîãåí³ä³â 3,
4, ÿê³ äîáðå êîðåëþþòü ³ç îïèñàíèìè â [11].

Ìîíîéîäèä 5 áóëî îäåðæàíî çóñòð³÷íèì
ñèíòåçîì. Òàê, ïðè öèêë³çàö³¿ öèíàì³ëüíîãî ò³î-
åòåðó 2 áðîì³äîì éîäó â õëîðîôîðì³ âèä³ëåíî
áðîì³ä éîäîò³àçèíîáåíçîò³àçîë³þ 7, ÿêèé ðåàê-
ö³ºþ éîííîãî îáì³íó ä³ºþ êàë³é éîäèäó â àöå-
òîí³ ïåðåâåäåíî â éîäèä éîäîò³àçèíîáåíçîò³àçî-
ë³þ 5 (Ñõåìà 3).

Ðåàêö³ÿ ³îííîãî îáì³íó ïðîâåäåíî ³ íà ìî-
íîáðîì³ä³ 6. Òàê, ïðè ä³¿ íàòð³é ïåðõëîðàòó â
ìåòàíîë³ ñèíòåçîâàíèé ïåðõëîðàò áðîìîò³àçèíî-
áåíçîò³àçîë³þ 8 (Ñõåìà 4). Ñë³ä â³äì³òèòè, ùî
ñïåêòðàëüí³ õàðàêòåðèñòèêè (ßÌÐ 1Í) ñîëåé 5–
8 âêàçóþòü íà çáåðåæåííÿ ñòðóêòóðè êàò³îíà ò³à-
çèíîáåíçîò³àçîë³þ.

Ïðè âèêîðèñòàíí³ ÿê åëåêòðîô³ëüíèõ ðå-
àãåíò³â òåòðàãàëîãåí³ä³â òåëóðó ÷è ï-àëêîêñèôå-

í³ëòåëóðòðèõëîðèä³â öèêë³çàö³ÿ öèíàì³ëüíîãî
ò³îåòåðó áåíçîò³àçîëó íå â³äáóâàºòüñÿ íà â³äì³íó
â³ä òåëóðî³íäóêîâàíî¿ öèêë³çàö³¿ ïðîïàðã³ëüíèõ
ò³îåòåð³â õ³íàçîë³íó [12]. Ïðè ä³¿ íà ò³îåòåð 2 òåëóð
ä³îêñèäó â íàäëèøêó ãàëîãåí³äíî¿ êèñëîòè â³äáó-
âàºòüñÿ ïðîòîíóâàííÿ í³òðîãåíó áåíçîò³àçîëüíîãî
öèêëó ³ óòâîðþþòüñÿ àêâàêîìïëåêñè áåíçîò³à-
çîë³í³é ãåêñàãàëîãåíîòåëóðàò³â 9, 10. Â ë³òåðà-
òóð³ çóñòð³÷àþòüñÿ çãàäóâàííÿ ïðî òàê³ àöèêë³÷í³
òà ãåòåðîöèêë³÷í³ îðãàí³ë ãåêñàãàëîãåíîòåëóðà-
òè [13,14]. Íàòîì³ñòü, ä³ÿ ï-àëêîêñèôåí³ëòåëóð-
òðèõëîðèä³â íà 2-öèíàì³ëò³îáåíçîò³àçîë ïðèâî-
äèòü äî óòâîðåííÿ ìîëåêóëÿðíèõ êîìïëåêñ³â 11,
12 ó ñï³ââ³äíîøåíí³ ò³îåòåð 2:åëåêòðîô³ë=2:1
(Ñõåìà 5). Òàê³ êîìïëåêñè óòâîðþâàëèñÿ ïðè
àðèëòåëóðîõëîðóâàíí³ àë³ëäèôåí³ëãóàí³äèíó [15].
Òåëóðî³íäóêîâàíà öèêë³çàö³ÿ íå â³äáóâàºòüñÿ
íàâ³òü ïðè çì³í³ óìîâ ïðîâåäåííÿ ðåàêö³¿:
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Ñõåìà 3. Ñèíòåç 3-éîäî-4-ôåí³ë-3,4-äèã³äðî-2H-[1,3]ò³àçèíî[2,3-b][1,3]áåíçîò³àçîë³é áðîì³äó 7 òà éîäèäó 5
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çèíî[2,3-b][1,3]áåíçîò³àçîë³é ïåðõëîðàòó 8
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çá³ëüøåíí³ ïîëÿðíîñò³ ðîç÷èííèêà (õëîðîôîðì
íà îöòîâó êèñëîòó), ï³äâèùåííÿ òåìïåðàòóðè,
ââåäåííÿ äîï³íã-äîáàâîê (íàòð³é ïåðõëîðàò).

Âèñíîâêè

Òàêèì ÷èíîì, âñòàíîâëåíà ðåã³îñåëåêòèâ-
íà ãàëîöèêë³çàö³ÿ öèíàì³ëò³îáåíçîò³àçîëó, ùî
ïðèâîäèòü äî óòâîðåííÿ ãàëîãåí³äíèõ ñîëåé ò³-
àçèíîáåíçîò³àçîë³þ, ÿê³ åôåêòèâíî âñòóïàþòü â
ðåàêö³¿ ³îííîãî îáì³íó. Íàòîì³ñòü, òåëóðî³íäó-
êîâàíà öèêë³çàö³ÿ íå â³äáóâàºòüñÿ, à óòâîðþþòüñÿ
ïðîòîíí³ ñîë³ ÷è ìîëåêóëÿðí³ êîìïëåêñè.
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Ukraine
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This paper presents the results of research into the process
of electrophilic intramolecular cyclization of 2-cinna-
mylthiobenzothiazole with halogens and tellurium halides.
2-Cinnamylthiobenzothiazole was prepared by alkylation of
mercaptobenzothiazole with cinnamyl chloride in the presence
of sodium alcoholate in an alcoholic medium. It was established
that as a result of halocyclization of the model 2-cinna-
mylthiobenzothiazole with an excess of halogen, the thiazine ring
is annealed with the formation of 3-halogeno-4-phenyl-3,4-
dihydro-2H-[1,3]thiazino[2,3-b][1,3 ]benzothiazolium tribromide
trihalides, which are effectively dehalogenated with acetone or
sodium sulfite to form monohalides. Halocyclization of cinnamyl
thioether of benzothiazole with iodine bromide in chloroform
isolated 3-iodo-4-phenyl-3,4-dihydro-2H-[1,3]thiazino[2,3-b]-
[1,3]benzothiazolium bromide, which was converted into 3-iodo-
4-phenyl-3,4-dihydro-2H-[1,3]thiazino[2,3-b][1,3]-
benzothiazolium iodide by ion exchange reaction under the action
of potassium iodide in acetone. The corresponding perchlorate
was synthesized by the action of sodium perchlorate in methanol
on 3-bromo-4-phenyl-3,4-dihydro-2H-[1,3]thiazino[2,3-b]-
[1,3]benzothiazolium bromide. Spectral characteristics (1H NMR)
of trihalides, monohalides and perchlorate indicate the preservation
of the structure of the thiazinobenzothiazolium cation during ion
exchange reactions. Tellurium-induced cyclization of cinnamyl
thioether of benzothiazole does not occur. When 2-cinna-
mylthiobenzothiazole is treated with tellurium dioxide in an excess
of halide acid, the nitrogen of the benzothiazole cycle is protonated
and aquacomplexes of benzothiazolinium hexahalogenotellurates
are formed. Instead, the action of p-alkoxyphenyltellurttrichloride
on cinnamyl thioether benzothiazole leads to the formation of
molecular complexes in the ratio of thioether:electrophile of 2:1.
As a result of the conducted research, potentially biologically
active thiazinobenzothiazolium halides were synthesized.

Keywords: electrophilic intramolecular cyclization;
2-cinnamylthiobenzothiazole; regioselectivity; 3-halo-4-phenyl-
3,4-dihydro-2H-[1,3]thiazino[2,3-b][1,3]benzothiazolium halides;
benzothiazolinium hexahalogentellurates.
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