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Âçàºìîä³ºþ çàì³ùåíèõ 2-õëîðîáåíçåí³â ³ç 3-ã³äðîêñè(áåíçî)³ì³äàçî[2,1-

b][1,3]ò³àçèíàìè â ì’ÿêèõ ðåàêö³éíèõ óìîâàõ ³ç âèõîäàìè 62–69% ñèíòåçîâàíî íèç-

êó íîâèõ 6-ôåíîêñè-6,7-äèã³äðî-5Í-³ì³äàçî[2,1-b][1,3]ò³àçèíè 4a–g òà ¿õ áåíçîàíå-

ëüîâàíèõ ïîõ³äíèõ 4h–l, áóäîâà ÿêèõ äîâåäåíà ìåòîäàìè 1H ßÌÐ, 13C ßÌÐ ñïåêò-

ðîñêîï³¿ òà LC-MS. Âñ³ íîâîñèíòåçîâàí³ ñïîëóêè áóëè äîñë³äæåí³ íà âèÿâëåííÿ

îñîáëèâîñòåé ô³ç³îëîã³÷íîãî ðîçâèòêó ïðîðîñòê³â äâîäîëüíî¿ ðîñëèíè Cucumis sativus.

Çà ðåçóëüòàòàìè âèêîíàíîãî åêñïåðèìåíòó âñòàíîâëåíî, ùî 3-õëîðî-4-[(3,4-äèã³ä-

ðî-2Í-áåíçî[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí-3-³ë)îêñè]áåíçîí³òðèë 4k òà 4-õëîðî-3-

[(6,7-äèã³äðî-5Í-³ì³äàçî[2,1-b][1,3] ò³àçèí-6-³ë)îêñè]áåíçîí³òðèë 4e â³äçíà÷àþòüñÿ

íàéá³ëüø ñòàá³ëüíèì ³íã³áóþ÷èì åôåêòîì, à 6-(2,4-äèí³òðîôåíîêñè)-6,7-äèã³äðî-

5H-³ì³äàçî[2,1-b][1,3]ò³àçèí 4c òà 3-(2,4-äèí³òðîôåíîêñè)-3,4-äèã³äðî-2Í-áåíçî-

[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí 4j ïðîÿâëÿþòü íàéêðàùó ð³ñòñòèìóëþþ÷ó ä³þ ïðè êîí-

öåíòðàö³¿ 0,0001%.

Êëþ÷îâ³ ñëîâà: 3-ã³äðîêñè-3,4-äèã³äðî-2Í-(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèíè, 6-ôå-

íîêñè-6,7-äèã³äðî-5H-³ì³äàçî[2,1-b][1,3]ò³àçèíè, 3-ôåíîêñè-3,4-äèã³äðî-2Í-áåíçî-

[4,5]³ì³äàçî-[2,1-b][1,3]ò³àçèíè, ð³ñòðåãóëþþ÷à àêòèâí³ñòü, ñèíòåç.
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Âñòóï

Îñîáëèâîþ ïîïóëÿðí³ñòþ ó ôàõ³âö³â, ÿê³
çä³éñíþþòü äîñë³äæåííÿ â ãàëóç³ îðãàí³÷íî¿, ôàð-
ìàöåâòè÷íî¿ òà àãðîõ³ì³¿ êîðèñòóþòüñÿ êîíäåí-
ñîâàí³ ãåòåðîöèêë³÷í³ ñèñòåìè, íà îñíîâ³ ÿêèõ
îäåðæàíî çíà÷íó ê³ëüê³ñòü á³îïåðñïåêòèâíèõ
ñïîëóê òà ðîçðîáëåíî êîìåðö³éíî äîñòóïí³
ë³êàðñüê³ ïðåïàðàòè òà çàñîáè çàõèñòó ðîñëèí.
Òåíäåíö³¿ îñòàííüîãî ÷àñó ïîâ’ÿçàí³ ³ç ðåàë³çà-
ö³ºþ ï³äõîä³â äî ñòâîðåííÿ íîâèõ ãåòåðîöèêë³-
÷íèõ ñòðóêòóð, ÿê³ çàâ³äîìà ì³ñòÿòü äåê³ëüêà á³î-
ôîðíèõ ôðàãìåíò³â. Åôåêòèâíèì âàð³àíòîì âè-
ð³øåííÿ òàêî¿ ïðîáëåìè º êîíñòðóþâàííÿ ã³áðèä-
íèõ ìîëåêóë çà ðàõóíîê åôåêòèâíîãî ïîºäíàí-
íÿ á³îïåðñïåêòèâíèõ ìîëåêóëÿðíèõ ïëàòôîðì.
×³ëüíå ì³ñöå ñåðåä îñòàíí³õ çàéìàþòü àçîëî-àçè-
íîâ³ ñèñòåìè, äî ÿêèõ  â³äíîñÿòüñÿ ³ ôóíêö³-

îíàëüí³ ïîõ³äí³ ³ì³äàçî[2,1-b][1,3]ò³àçèíó [1,2],
ïðèâàáëèâ³ äëÿ êîíñòðóþâàííÿ  ã³áðèäíèõ ñòðóê-
òóð. Â³äîìî, çîêðåìà, ùî ñåðåä áåíçèëîêñèçàì-
³ùåíèõ ³ì³äàçî[2,1-b]ò³àçèí³â òà ¿õ áåíçîàíåëüî-
âàíèõ àíàëîã³â ² âèÿâëåí³ ³íã³á³òîðè ì³êîáàêòåð³é
ç ãðóïè Mycobacterium tuberculosis complex (MIC
16 g/mL) (ñõåìà 1) [3–5]. Á³öèêë³÷íèé êàðêàñ
³ì³äàçî[2,1-b]ò³àçèíîâîãî òèïó âõîäèòü äî ñêëà-
äó ïîòóæíèõ àíòàãîí³ñò³â GPR18 ²², ÿê³ ïîâí³ñòþ
³íã³áóþòü íàá³ð -àðòåñòèíó, ³íäóêîâàíèé 9-THC
(IC50=0,238 M) [6], à ³ì³äàçî[2,1-b]ò³àçèíè, ùî
ì³ñòÿòü (òðèôëóîðîìåòîêñè)áåíçèëîêñèëüíèé
ôðàãìåíò ²²², çàðåêîìåíäóâàëè ñåáå ÿê ïåðñïåê-
òèâí³ àãåíòè â òåðàï³¿ õâîðîáè Øàãàñà [7].

Ç ³íøîãî áîêó, íå ìåíø ö³êàâèìè ç ïîçèö³é
ïîøóêó á³îëîã³÷íî àêòèâíèõ ìîëåêóë º áåíçå-
íîâå ÿäðî, ÿêå âõîäèòü äî ñêëàäó âåëèêîãî ìà-
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ñèâó ñïîëóê ³ç ð³çíîïëàíîâîþ á³îëîã³÷íîþ àê-
òèâí³ñòþ, çîêðåìà ãåðá³öèäíîþ [8]. Òàê, N-áåí-
çèëàì³ä ³çîêñàçîëó IV ïîêàçàâ 100% ³íã³áóâàííÿ
çà â³äíîøåííÿì äî áóð’ÿí³â Portulaca oleracea ³
Abutilon theophrasti ïðè êîíöåíòðàö³¿ 10 ìã/ë [9].
Ï³ðàçîë³ëôåí³ëêåòîí, ùî ì³ñòÿòü õëîðîôåíî-
êñèëüíèé ôðàãìåíò V, ïðîäåìîíñòðóâàâ ÷óäîâó
ãåðá³öèäíó àêòèâí³ñòü ïðîòè Chenopodium
serotinum, Stellaria media and Brassica juncea [10],
à ôåíîêñèçàì³ùåí³ ïîõ³äí³ àëê³ëôîñôîíàò³â V²
ïðîÿâèëè çíà÷íó ³íã³áóþ÷ó àêòèâí³ñòü ùîäî äâî-
äîëüíèõ ðîñëèí òèïó Chenopodium serotinum  and
Brassica juncea [11].

Òàêèì ÷èíîì, ïîºäíàííÿ òàêèõ ôàðìàêî-
ôîð³â ÿê ³ì³äàçî[2,1-b][1,3]ò³àçèíîâèé êàðêàñ òà
ôåíîêñèëüíèé ôðàãìåíò ìîæíà ðîçãëÿäàòè ÿê
åôåêòèâíèé âàð³àíò êîíñòðóþâàííÿ íîâèõ
ã³áðèäíèõ ñòðóêòóð  ³ç ïîòåíö³éíèì á³îëîã³÷íèì
åôåêòîì.

Ìåòîäèêà åêñïåðèìåíòó

Ñïåêòðè ßÌÐ 1Í îòðèìàí³ íà ñïåêòðîìåòð³
Varian VXR-400 (399,97 ÌÃö) â ³ìïóëüñíîìó
Ôóð’º ðåæèì³ ó ðîç÷èíàõ DMSO-d6, âíóòð³øí³é
ñòàíäàðò – ÒÌÑ. Ñïåêòðè ßÌÐ 13Ñ îòðèìàí³ íà
ñïåêòðîìåòð³ Bruker Advance DRX-500 (125,75 ÌÃö)
ó ðîç÷èíàõ DMSO-d6, âíóòð³øí³é ñòàíäàðò –
ÒÌÑ. Õðîìàòîìàñ-ñïåêòðè îòðèìàí³ íà ïðèëàä³
Agilent LC\MSD SL; êîëîíêà Zorbax SB-C18,
4.615 ìì, 1,8 ìêì (PN 82(c)75-932); ðîç÷èííèê
ÄÌÑÎ, ³îí³çàö³ÿ åëåêòðîðîçïèëåííÿì ïðè àò-
ìîñôåðíîìó òèñêó. Åëåìåíòíèé àíàë³ç âèêîíà-

íèé íà ïðèëàä³ Perkin Elmer CHN Analyzer ñåð³¿
2400 â àíàë³òè÷í³é ëàáîðàòîð³¿ ²íñòèòóòó îðãà-
í³÷íî¿ õ³ì³¿ ÍÀÍ Óêðà¿íè. Òåìïåðàòóðè ïëàâ-
ëåííÿ âèçíà÷åí³ íà ñòîëèêó Êîôëåðà ³ íå â³äêî-
ðåêòîâàí³.

Ñèíòåç 6,7-äèã³äðî-5H-³ì³äàçî[2,1-b][1,3]-
ò³àçèíó 2a

Äî ðîç÷èíó â³äïîâ³äíîãî ³ì³äàçîë-2-ò³îëó 1a
(5 ììîëü) òà NaÎÍ (5 ììîëü) â ÌåÎÍ (25 ìë)
äîäàâàëè 2-(õëîðîìåòèë)îêñèðàí (5 ììîëü) ³
ïåðåì³øóâàëè ïðè ê³ìíàòí³é òåìïåðàòóð³ ïðî-
òÿãîì 24 ãîä. Ðîç÷èííèê âèïàðþâàëè ó âàêóóì³,
äî çàëèøêó äîäàâàëè 30 ìë  ëüîäÿíî¿ âîäè, îñàä
â³äô³ëüòðîâóâàëè ³ ñóøèëè íà ïîâ³òð³.

Ñèíòåç 3-ã³äðîêñè-3,4-äèã³äðî-2H-áåíçî-
[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèíó 2b

Äî ðîç÷èíó áåíç³ì³äàçîë-2-ò³îëó 1b (10,5 ã,
7 ììîëü) òà Ê2ÑÎ3 (9,7 ã, 7 ìîëü) â ñóõîìó DMF
(30 ìë) äîäàâàëè 2-(õëîðîìåòèë)îêñèðàí (5,.5 ìë,
7 ììîëü). Ðåàêö³éíó ñóì³ø íàãð³âàëè ïðè òåì-
ïåðàòóð³ 60–700Ñ òà ïåðåì³øóâàíí³ ïðîòÿãîì
òðüîõ ãîäèí. Ïî çàê³í÷åíí³ ðåàêö³¿ ðîç÷èí âè-
ëèâàëè íà ë³ä, îäåðæàíèé îñàä â³äô³ëüòðîâóâà-
ëè, ïðîìèâàëè 50 ìë âîäè ³ ñóøèëè íà ïîâ³òð³.

Ñèíòåç (2-ôåíîêñè)çàì³ùåíèõ (áåíç)³ì³äà-
çî[2,1-b][1,3]ò³àçèí³â 4 a–l

Äî 3-ã³äðîêñè(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèíó
2a, b (1 ììîëü) äîäàâàëè NaH (60% â ì³íåðàëüí³é
îë³¿, 0,04 ã, 1 ììîëü) â ñóõîìó DMF (4 ìë), ïå-
ðåì³øóâàëè 0,5 ãîä, à ïîò³ì äîäàâàëè 1 ììîëü
çàì³ùåíîãî õëîðîáåíçåíó 3a–h òà ïåðåì³øóâà-

Ñõåìà 1. Ïðèêëàäè á³îëîã³÷íî-àêòèâíèõ ñïîëóê ³ç ³ì³äàçî[2,1-b][1,3]ò³àçèíîâèì öèêëîì (²–²²²) òà áåíçåíîâèì ÿäðîì
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ëè ïðè ê³ìíàòí³é òåìïåðàòóð³ ùå 48 ãîä. Ðåàêö-
³éíó ñóì³ø âèëèâàëè íà ë³ä, îòðèìàíèé îñàä
â³äô³ëüòðîâóâàëè, ïðîìèâàëè âîäîþ, ñóøèëè ³
ïåðåêðèñòàë³çîâóâàëè ç ÌåOH.

Ïðè îäåðæàíí³ ñïîëóê 4 d–f, i, k, l çàì³ñòü
NaH ÿê îñíîâè âèêîðèñòîâóâàëè òðåò-BuOK (1
ììîëü).

6-(4-Í³òðîôåíîêñè)-6,7-äèã³äðî-5H-³ì³äà-
çî[2,1-b][1,3]ò³àçèí (4a)

Âèõ³ä 65%, Òïë 138–1400C.  1H ßÌÐ (400 ÌÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,41–3,46 (1H, ì,
SCH2); 3,59–3,62 (1H, ì, SCH2); 4,33–4,35 (2H,
ì, NCH2); 5,45–5,8 (1H, ì, CH); 6,88 (1H, ñ,
Ar); 7,18 (1H, ñ, Ar); 7,27 (2H, ä, J=8,8, Ar); 7,74
(1H, ä, J3=8,8, Ar); 8,20–8,25 (2H, ì, Ar). 13C
ßÌÐ (125 ÌÃö, DMSO-d6), , ì.÷.: 28,59; 48,43;
67,68; 116,73; 121,83; 125,67; 126,31; 128,25;
130,23; 135,77; 141,82; 161,90. Ìàñ-ñïåêòð, m/z:
278 [M+H]+. Âèðàõóâàíî %: C 51,98; H 4,00;
N 15,15; S 11,56. C12H11N3O3S. Çíàéäåíî, %:
C 52,19; H 4,04; N 15,02; S 11,48.

2-Õëîðî-6-[(6,7-äèã³äðî-5H-³ì³äàçî[2,1-b]-
[1,3]ò³àçèí-6-³ë)îêñè]áåíçîí³òðèë(4b)

Âèõ³ä 63%, Òïë 205–2070C.  1H ßÌÐ (400 ÌÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,42–3,47 (1H, ì,
SCH2); 3,58–3,61 (1H, ì, SCH2); 4,31–4,39 (2H,
ì, NCH2); 5,45–5,49 (1H, ì, CH); 6,87 (1H, ñ,
Ar); 7,18 (1H, ñ, Ar); 7,33 (1H, ä, J3=8,0, Ar); 7,50
(1H, ä, J3=8,8, Ar); 7,70 (1H, ò, J3=8,4, Ar). 13C
ßÌÐ (125 ÌÃö, DMSO-d6), , ì.÷.: 28,19; 47,88;
68,79; 102,98; 113,03; 113,67; 121,35; 122,65;
127,86; 135,29; 135,57; 136,48; 159,44. Ìàñ-ñïåêòð,
m/z: 292 [M+H]+. Âèðàõóâàíî, %: C 53,52; H 3,45;
N 14,40; S 10,99. C13H10ClN3OS. Çíàéäåíî, %:
C 53,68; H 3,41; N 14,25; S 11,08.

6-(2,4-Äèí³òðîôåíîêñè)-6,7-äèã³äðî-5H-
³ì³äàçî[2,1-b][1,3]ò³àçèí (4c)

Âèõ³ä 67%, Òïë 165–1660C.  1H ßÌÐ (400 ÌÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,44–3,49 (1H, ì,
SCH2); 3,61–3,65 (1H, ì, SCH2); 4,36–4,37 (2H,
ì, NCH2); 5,67–5,71 (1H, ì, CH); 6,86 (1H, ñ,
Ar); 7,17 (1H, ñ, Ar); 7,86 (1H, ä, J3=9,2, Ar); 8,52
(1H, ä, J3=9,6, Ar); 8,75 (1H, ñ, Ar). 13C ßÌÐ
(125 ÌÃö, DMSO-d6), , ì.÷.: 28,46; 48,20; 69,97;
117,68; 121,72; 121,77; 128,23; 129,46; 135,54;
140,02; 140,78; 153,93. Ìàñ-ñïåêòð, m/z: 323
[M+H]+. Âèðàõóâàíî, %: C 44,72; H 3,13; N 17,38;
S 9,95. C12H10N4O5S. Çíàéäåíî, %: C 44,60; H 3,09;
N 17,49; S 10,04.

2-[(6,7-Äèã³äðo-5H-iìiäaço[2,1-b][1,3]ò³àçèë-
6-³ë)oêñè]-5-(òðèôëóîðîìåòèë)-áåíçîí³òðèë (4d)

Âèõ³ä 65%, Òïë 148–1490C.  1H ßÌÐ (400 ÌÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,45–3,50 (1H, ì,
SCH2); 3,60–3,63 (1H, ì, SCH2); 4,37–4,38 (2H,

ì, NCH2); 5,56–5,60 (1H, ì, CH); 6,88 (1H, ñ,
Ar); 7,18 (1H, ñ, Ar); 7,71 (1H, ä, J3=9,2, Ar); 8,06
(1H, ä, J3=8,8, Ar); 8,26 (1H, ñ, Ar). 13C ßÌÐ
(125 ÌÃö, DMSO-d6), , ì.÷.: 28,07; 47,82; 68,69;
102,73; 114,51; 115,51; 121,36; 122,58 (ê, JCF=33,75 Ãö);
125,53 (ä, JCF=272 Ãö); 127,86; 131,62; 132,04;
135,24; 160,53. Ìàñ-ñïåêòð, m/z: 326 [M+H]+.
Âèðàõóâàíî, %: C 51,69; H 3,10; N 12,92; S 9,86.
C14H10F3N3OS. Çíàéäåíî, %: C 51,55; H 3,05; N
13,01; S 9,77.

4-Õëîðî-3-[(6,7-äèã³äðîo-5H-iìiäaço[2,1-b]-
[1,3]ò³àçèí-6-³ë)oêñè]áåíçîí³òðèë (4e)

Âèõ³ä 64%, Òïë 130–1310C.  1H ßÌÐ (400 ÌÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,41–3,45 (1H, ì,
SCH2); 3,57–3,61 (1H, ì, SCH2); 4,32–4,33 (2H,
ì, NCH2); 5,48–5,51 (1H, ì, CH); 6,86 (1H, ñ,
Ar); 7,16 (1H, ñ, Ar); 7,59 (1H, ä, J3=8,8, Ar); 7,86
(1H, ä, J3=8,4, Ar); 8,04 (1H, ñ, Ar). 13C ßÌÐ
(125 ÌÃö, DMSO-d6), , ì.÷.: 28,58; 48,26; 68,72;
105,27; 116,77; 118,18; 121,78; 123,90; 128,21;
133,56; 134,35; 135,77; 155,90. Ìàñ-ñïåêòð, m/z:
292 [M+H]+. Âèðàõóâàíî, %: C 53,52; H 3,45; N
14,40; S 10,99. C13H10ClN3OS. Çíàéäåíî, %: C
53,65; H 3,40; N 14,28; S 11,10.

2-{2-Õëîðo-4-[(6,7-äèã³äðo-5H-iìiäaço[2,1-b]-
[1,3]ò³àçèí-6-³ë)oêñè]ôåí³ë}aöeòaìiä (4f)

Âèõ³ä 62%, Òïë 181–1820C.  1H ßÌÐ (400
ÌÃö, DMSO-d6), , ì.÷. (J, Ãö): 3,04–3,10 (1H,
ì, SCH2); 3,22–3,25 (1H, ì, SCH2); 3,82–3,87
(1H, ì, NCH2); 4,05–4,06 (1H, ì, NCH2); 4,10
(2H, c, CH2); 5,60–5,61 (1H, ì, CH); 6,82 (1H, ñ,
Ar); 7,09 (1H, ñ, Ar); 7,50 (1H, ä, J3=8,4, Ar); 7,57
(1H, ä, J3=8,8, Ar); 7,68 (1H, c, Ar); 7,72 (2H, c,
NH2). 

13C ßÌÐ (125 ÌÃö, DMSO-d6), , ì.÷.:
20,97; 31,74; 50,45; 61,58; 117,56; 121,22; 127,70;
128,02; 128,47; 129,14; 131,75; 133,67; 133,87;
135,61. Ìàñ-ñïåêòð, m/z: 324 [M+H]+. Âèðàõó-
âàíî, %: C 51,93; H 4,36; N 12,98; S 9,90.
C14H14ClN3O2S. Çíàéäåíî, %: C 52,10; H 4,41;
N 12,88; S 10,01.

6-[2,6-Äèí³òðo-4-(òðèôëóîðîìåòèë)ôåíîê-
ñè]-6,7-äèã³äðî-5H-³ì³äàçî[2,1-b][1,3]-ò³àçèí (4g)

Âèõ³ä 69%, Òïë 139–1400C. 1H ßÌÐ (400
ÌÃö, DMSO-d6), , ì.÷. (J, Ãö): 3,37–3,42 (1H,
ì, SCH2); 3,56–3,59 (1H, ì, SCH2); 4,21–4,31
(2H, ì, NCH2); 5,11–5,14 (1H, ì, CH); 7,01 (1H,
ñ, Ar); 7,23 (1H, ñ, Ar); 8,79 (2H, ñ, Ar). 13C ßÌÐ
(125 MÃö, DMSO-d6), , ì.÷.: 29,51; 48,43; 76,81;
122,00; 122,53 (ä, JCF=272,0 Ãö); 125,52 (ê,
JCF=35,0 Ãö); 126,89; 127,55; (ä, JCF=12,0 Ãö);
135,68; 145,49; 146,27. Ìàñ-ñïåêòð, m/z: 391
[M+H]+. Âèðàõóâàíî, %: C 40,01; H 2,32; N 14,36;
S 8,22. C13H9F3N4O5S. Çíàéäåíî, %: C 40,18;
H 2,35; N 14,47; S 8,10.
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3-(4-Í³òðîôåíîêñè)-3,4-äèã ³äðî-2H-
áåíço[4,5]iìiäaço[2,1-b][1,3]ò³àçèí (4h)

Âèõ³ä 63%, Òïë 163–1640C.  1H ßÌÐ (400 MÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,55–3,60 (1H, ì,
SCH2); 3,72–3,75 (1H, ì, SCH2); 4,48–4,58 (2H,
ì, NCH2); 5,63–5,67 (1H, ì, CH); 7,14–7,18 (2H,
ì, Ar); 7,30–7,32 (2H, ì, Ar); 7,44–7,49 (2H, ì,
Ar); 8,20–8,23 (1H, ì, Ar). 13C ßÌÐ (125 MÃö,
DMSO-d6), , ì.÷.: 28,27; 46,55; 67,10; 109,33;
116,85; 117,68; 121,55; 122,50; 125,82; 126,43;
130,32; 136,26; 141,97; 143,11; 146,22; 161,88. Ìàñ-
ñïåêòð, m/z: 328 [M+H]+. Âèðàõóâàíî, %: C 58,70;
H 4,00; N 12,84; S 9,80. C16H13N3O3S. Çíàéäåíî,
%: C 58,52; H 3,95; N 12,96; S 9,93.

2-Õëîðo-6-[(3,4-äèã³äðîo-2H-áåíço[4,5]³ì³äàço-
[2,1-b][1,3]ò³àçèí-3-³ë)oêñè]-áåíçîí³òðèë (4i)

Âèõ³ä 62%, Òïë 202–2030C.  1H ßÌÐ (400 MÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,55–3,60 (1H, ì,
SCH2); 3,70–3,73 (1H, ì, SCH2); 4,49–4,58 (2H,
ì, NCH2); 5,65–5,69 (1H, ì, CH); 7,13–7,19 (2H,
ì, Ar); 7,35 (1H, ä, J3=8,4, Ar); 7,44–7,49 (2H, ì,
Ar); 7,58 (1H, ä, J3=8,8, Ar); 7,71–7,75 (1H, ì,
Ar). 13C ßÌÐ (125 MÃö, DMSO-d6), , ì.÷.: 27,80;
45,93; 68,10; 103,00; 108,88; 113,01; 113,79; 117,23;
121,01; 121,96; 122,77; 135,67; 135,79; 136,45;
142,70; 145,66; 159,36. Ìàñ-ñïåêòð, m/z: 342
[M+H]+. Âèðàõóâàíî, %: C 59,73; H 3,54; N 12,29;
S 9,38. C17H12ClN3OS. Çíàéäåíî, %: C 59,87; H
3,51; N 12,42; S 9,45.

3-(2,4-Äèí³òðîôåíîêñè)-3,4-äèã³äðî-2H-
áåíço[4,5]iìiäaço[2,1-b][1,3]ò³àçèí (4j)

Âèõ³ä 66%, Òïë 141–1420C.  1H ßÌÐ (400 MÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,59–3,63 (1H, ì,
SCH2); 3,74–3,78 (1H, ì, SCH2); 4,50–4,59 (2H,
ì, NCH2); 5,85–5,89 (1H, ì, CH); 7,14–7,19 (2H,
ì, Ar); 7,42–7,48 (2H, ì, Ar); 7,92–7,95 (1H, ì,
Ar); 8,54 (1H, ä, J3=8,8, Ar); 8,74 (1H, ñ, Ar). 13C
ßÌÐ (125 MÃö, DMSO-d6), , ì.÷.: 27,93; 45,89;
67,95; 104,12; 110,77; 114,61; 115,02; 118,34;
121,09; 122,05; 112,89; 136,02; 136,53; 143,00;
145,71; 157,67. Ìàñ-ñïåêòð, m/z: 373 [M+H]+.
Âèðàõóâàíî, %: C 51,61; H 3,25; N 15,05; S 8,61.
C16H12N4O5S. Çíàéäåíî, %: C 51,74; H 3,21; N
15,19; S 8,50.

3-Õëîðo-4-[(3,4-äèã³äðî-2H-áåíço[4,5]iìiäaço-
[2,1-b][1,3]ò³àçèí-3-³ë)oêñè]-áåíçîí³òðèë (4k)

Âèõ³ä 63%, Òïë 177–1790C.  1H ßÌÐ (400 MÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,55–3,59 (1H, ì,
SCH2); 3,71–3,74 (1H, ì, SCH2); 4,47–4,57 (2H,
ì, NCH2); 5,67–5,71 (1H, ì, CH); 7,13–7,18 (2H,
ì, Ar); 7,43–7,48 (2H, ì, Ar); 7,66 (1H, ä, J3=8,8,
Ar); 7,88 (1H, ä, J3=8,0, Ar); 8,02–8,04 (1H, ì,
Ar). 13C ßÌÐ (125 MÃö, DMSO-d6), , ì.÷.: 27,87;
45,95; 67,74; 105,02; 108,82; 116,44; 117,21; 117,74;

121,02; 121,96; 123,56; 133,14; 133,91; 135,81;
142,69; 145,80; 155,38. Ìàñ-ñïåêòð, m/z: 342
[M+H]+. Âèðàõóâàíî, %: C 59,73; H 3,54; N 12,29;
S 9,38. C17H12ClN3OS. Çíàéäåíî, %: C 59,88; H
3,50; N 12,40; S 9,29.

2-[(3,4-Äèã³äðo-2H-áåíço[4,5]iìiäaço[2,1-b]-
[1,3]ò³àçèí-3-³ë)oêñè]-5-(òðèôëóîðîìåòèë)áåíçî-
í³òðèë (4l)

Âèõ³ä 65%, Òïë 167–1690C.  1H ßÌÐ (400 MÃö,
DMSO-d6), , ì.÷. (J, Ãö): 3,59–3,64 (1H, ì,
SCH2); 3,743–3,76 (1H, ì, SCH2); 4,52–4,60 (2H,
ì, NCH2); 5,76–5,81 (1H, ì, CH); 7,14–7,18 (2H,
ì, Ar); 7,44–7,51 (2H, ì, Ar); 7,80 (1H, ä, J3=8,8,
Ar); 8,10 (1H, ä, J3=8,8, Ar); 8,27 (1H, ñ, Ar). 13C
ßÌÐ (125 MÃö, DMSO-d6), , ì.÷.: 27,73; 45,87;
68,13; 102,78; 108,80; 114,41; 115,59; 117,20;
120,94; 121,93; 122,69 (ê, JCF=33,75 Hz); 126,97
(ä, JCF=272 Hz); 131,52; 132,04; 135,76; 142,67;
145,58; 160,39. Ìàñ-ñïåêòð, m/z: 376 [M+H]+.
Âèðàõóâàíî, %: C 57,59; H 3,22; N 11,19; S 8,54.
C18H12F3N3OS. Çíàéäåíî, %: C 57,73; H 3,19;
N 11,03; S 8,46.

Âèçíà÷åííÿ ð³ñòðåãóëþþ÷î¿ àêòèâíîñò³
Êóëüòóðà äîñë³äæåíü – äâîäîëüíà ðîñëèíà

Cucumis sativus. Ïîâòîðþâàí³ñòü åêñïåðèìåíòó –
òðèðàçîâà.

Ñõîæ³ñòü ïðîðîñòàííÿ âèçíà÷àëè çã³äíî ç
Äåðæàâíèì ñòàíäàðòîì 4138-2002 «Íàñ³ííÿ
ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. Ìåòîäè âèçíà-
÷åííÿ ÿêîñò³», ó â³äñîòêàõ äî çàãàëüíî¿ ê³ëüêîñò³
âçÿòîãî íà ïðîðîùóâàííÿ íàñ³ííÿ, ÿê ñåðåäíº
ì³æ òðüîìà ïðîáàìè. Äëÿ âèçíà÷åííÿ öüîãî ïî-
êàçíèêà ç ôðàêö³¿ ÷èñòîãî íàñ³ííÿ â³äáèðàëè òðè
ïðîáè ïîñï³ëü ïî 50 íàñ³íèí, ÿê³ çàìî÷óâàëè
ïðîòÿãîì 24 ãîä ó äèñòèëüîâàí³ âîä³ (êîíòðîëü)
òà â ðîç÷èíàõ ñèíòåçîâàíèõ ñïîëóê â³äïîâ³äíèõ
êîíöåíòðàö³é. Ðîáî÷³ ðîç÷èíè ñïîëóê ãîòóâàëè
øëÿõîì ¿õ äîäàâàííÿ ó íàñòóïíèõ äîçàõ: 1000 ìã/ë
(0,1%), 100 ìã/ë (0,01%), 10 ìã/ë (0,001%), 1 ìã/ë
(0,0001%). Ï³ñëÿ çàìî÷óâàííÿ ó ðîç÷èíàõ íàñ³ííÿ
ïðîðîùóâàëè íà ô³ëüòðóâàëüíîìó ïàïåð³ ó ÷àø-
êàõ Ïåòð³, ÿê³ ðîçì³ùóâàëè ó òåðìîñòàòàõ, äå
ï³äòðèìóâàëè òåìïåðàòóðó 250Ñ. Çà ïðîðîñòàí-
íÿì íàñ³ííÿ ñïîñòåð³ãàëè ùîäåííî ïðîòÿãîì 7
äí³â. Ñõîæ³ñòü âèðàæàëè â³äñîòêîâèì â³äíîøåí-
íÿì ê³ëüêîñò³ íàñ³ííÿ, ùî ïðîðîñëî, äî çàãàëü-
íî¿ ê³ëüêîñò³ âèñ³ÿíîãî. ×åðåç 7 äí³â ïðîðîùó-
âàííÿ âèçíà÷àëè ëàáîðàòîðíó ñõîæ³ñòü. Äëÿ âñòà-
íîâëåííÿ âïëèâó ñèíòåçîâàíèõ ñïîëóê íà á³î-
ìåòðè÷í³ ïàðàìåòðè ñôîðìîâàíèõ ïðîðîñòê³â íà
7-é äåíü ïðîðîùóâàííÿ âèçíà÷àëè ñåðåäíþ ìàñó
âàãîâèì ìåòîäîì òà äîâæèíó – øëÿõîì âèì³-
ðþâàííÿ, àíàë³çóþ÷è ïî 30 ïðîðîñòê³â ç êîæíî-
ãî âàð³àíòó äîñë³äó. Ìàòåìàòè÷íó îáðîáêó ðå-
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çóëüòàò³â äîñë³äæåíü çä³éñíþâàëè ìåòîäîì äèñ-
ïåðñ³éíîãî àíàë³çó çà ìåòîäèêîþ Äîñïºõîâà [12].

Ðåçóëüòàòè òà îáãîâîðåííÿ

Ç îãëÿäó íà òå, ùî ôåíîêñèëüíèé ôðàãìåíò
âõîäèòü äî ñêëàäó ñïîëóê, ÿê³ ïðèãí³÷óþòü ð³ñò
ð³çíîìàí³òíèõ êë³òèííèõ ë³í³é [13], à òàêîæ º
³íã³á³òîðàìè ðîñòó ðîñëèí [14], íàì âèäàëîñÿ
äîö³ëüíèì ñèíòåçóâàòè íîâ³ ôåíîêñèçàì³ùåí³
ïîõ³äí³ (áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèíó òà ïðî-
âåñòè îö³íêó ¿õ ð³ñòðåãóëþþ÷èõ âëàñòèâîñòåé.
Äèçàéí òàêèõ ñïîëóê ãðóíòóâàâñÿ íà âèêîðè-
ñòàíí³ ÿê ñóáñòðàò³â 3-ã³äðîêñè(áåíçî)³ì³äàçî-
[2,1-b][1,3]ò³àçèí³â 2a, b, ÿê³ áóëè îäåðæàí³ çà
ìîäèô³êîâàíèìè ìåòîäèêàìè [3] ³ç (áåíçî)³ì³äà-
çîë³íò³îí³â 1a, b.

Âñòàíîâëåíî, ùî 3-ã³äðîêñè³ì³äàçî[2,1-b]-
[1,3]ò³àçèí 2a òà éîãî áåíçîàíàëîã 2b ñåëåêòèâ-
íî ðåàãóþòü ³ç àêòèâîâàíèìè àêöåïòîðíèìè çà-
ì³ñíèêàìè õëîðîáåíçåíàìè 3a–f â ñóõîìó DMF
â ïðèñóòíîñò³ NaH çà ê³ìíàòíî¿ òåìïåðàòóðè
âïðîäîâæ 48 ãîä ç óòâîðåííÿì 6-ôåíîêñè-6,7-
äèã³äðî-5Í-³ì³äàçî[2,1-b][1,3]ò³àçèí³â 4a–c,g òà
¿õ áåíçîàíåëüîâàíèõ ïîõ³äíèõ 4h,j ³ç âèõîäàìè
62–69% (ñõåìà 2). Ñë³ä çàçíà÷èòè, ùî íóêëåîô³ëü-
íå çàì³ùåííÿ õëîðó ïðè îäåðæàíí³ ïîõ³äíèõ
4d-f,i,k,l â³äáóâàëîñÿ ñåëåêòèâí³øå ó âèïàäêó âè-
êîðèñòàííÿ òðåò-BuOK çàì³ñòü NaH â àíàëîã³-
÷íèõ óìîâàõ. Áóäîâà ñèíòåçîâàíèõ ñïîëóê
ï³äòâåðäæåíà ðåçóëüòàòàìè âèì³ð³â 1H ßÌÐ, 13C
ßÌÐ òà LC-MS ñïåêòð³â, ÿê³ íàâåäåí³ â åêñïå-
ðèìåíòàëüí³é ÷àñòèí³. Çîêðåìà, äëÿ âñ³õ ³ì³äà-
çîò³àçèí³â 4a–g ïîêàçîâèì º íàÿâí³ñòü ñèãíàë³â
çàì³ùåíîãî ôåí³ëüíîãî ÿäðà, ÿê³ ëåãêî ³äåíòè-
ô³êóþòüñÿ â ³íòåðâàë³ 8,74–7,13 ì.÷., à äëÿ ¿õ

áåíçîàíàëîã³â 4h-l íàêëàäàþòüñÿ ³ç ñèãíàëàìè
ïðîòîí³â áåíç³ì³äàçîëüíîãî öèêëó. Çàñëóãîâóº íà
óâàãó òîé ôàêò, ùî ïðè âçàºìîä³¿ 3-ã³äðîêñè³ì³-
äàçî[2,1-b][1,3]ò³àçèíó 2a ç 2,4-äèõëîðîáåíçèë-
ö³àí³äîì 3g áóâ îäåðæàíèé ïðîäóêò çàì³ùåííÿ,
â ÿêîìó â óìîâàõ ðåàêö³¿ ö³àíî-ãðóïà ï³ääàâà-
ëàñü ã³äðîë³çó ç óòâîðåííÿì â³äïîâ³äíîãî 2-{2-õëîð-
4-[(6,7-äèã³äðî-5H-³ì³äàçî[2,1-b][1,3]ò³àçèí-6-
³ë)îêñè] ôåí³ë}àöåòàì³äó 4f. Äîêàçîì áóäîâè
äàíî¿ ñïîëóêè º íàÿâí³ñòü ó ßÌÐ 1Í ñïåêòð³
ñèíãëåò³â ïðîòîí³â ãðóï CH2 ïðè 4,10 ì.÷. òà NH2

ïðè 7,72 ì.÷.
Ð³ñòðåãóëþþ÷à àêòèâí³ñòü
Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü ïîêàçà-

ëè, ùî âïëèâ ñèíòåçîâàíèõ ñïîëóê 4à–l íà
çäàòí³ñòü íàñ³ííÿ äâîäîëüíî¿ ðîñëèíè Cucumis

Ñõåìà 2. Ñèíòåç ôåíîêñèçàì³ùåíèõ (áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí³â 4à–l

1, 2  a R=H, b R=(CH=CH)2

    3  a R1=R2=R4=R5=H, R3=NO2; b R3=R4=R5=H, R1=CN, R2=Cl; 

        c R2=R4=R5=H, R1=R3=NO2; d R2=R4=R5=H, R1=Cl, R3=CN; 

        e R2=R4=R5=H, R1=CN, R3=CF3; f R2=R3=R5=H, R1=Cl, R4=CN; 

        g R1=R2=R5=H, R3=CH2C(O)NH2, R4=Cl; h R2=R4=H, R1=R5=NO2, R3=CF3.
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4d H CN H CF3 H H 

4e H Cl H H CN H 

4f H H H CH2C(O)NH2 Cl H 

4g H NO2 H CF3 H NO2 

4h (CH=CH)2 H H NO2 H H 

4i (CH=CH)2 CN Cl H H H 

4j (CH=CH)2 NO2 H NO2 H H 

4k (CH=CH)2 Cl H CN H H 

4l (CH=CH)2 CN H CF3 H H 

 

Òàáëèöÿ 1

Ñêëàä çàì³ñíèê³â R–R5 ó ôåíîêñèçàì³ùåíèõ

(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèíàõ 4à–l
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sativus äî ïðîðîñòàííÿ, òîáòî íà ñõîæ³ñòü, íå
âèÿâëÿº ñóòòºâî¿ ñòàòèñòè÷íî¿ ð³çíèö³ ì³æ âàð³-
àíòàìè äîñë³ä³â. Äàíèé ïîêàçíèê êîëèâàºòüñÿ â
ìåæàõ 97,3–100%. (òàáë. 2). Êð³ì òîãî, âèÿâëå-
íî, ùî ñïîëóêè 4à–l ïðîÿâëÿþòü ð³çíîïëàíî-
âèé âïëèâ íà îñîáëèâîñò³ ðîçâèòêó ïðîðîñòê³â
îã³ðêà Cucumis sativus, çà âèêëþ÷åííÿì âèñîêèõ
êîíöåíòðàö³é ¿õ çàñòîñóâàííÿ. Ïðè âèêîðèñòàíí³
0,1% ðîç÷èí³â âñ³õ ñèíòåçîâàíèõ ñïîëóê âæå íà
ïåðøèõ äíÿõ âèêîíàííÿ åêñïåðèìåíò³â ñïîñòå-
ð³ãàâñÿ ¿õ ñèëüíèé ³íã³áóþ÷èé âïëèâ, ùî ñïðè-
÷èíèëî ïîâíó çàãèáåëü âñ³õ äîñë³äæóâàíèõ ïðî-
ðîñòê³â. Â òîé æå ÷àñ, ïðè âèêîðèñòàíí³ ñïîëóê
4à–l ó êîíöåíòðàö³ÿõ â³ä 0,01 äî 0,0001% ñïî-
ñòåð³ãàâñÿ ÿê ³íã³áóþ÷èé, òàê ³ ð³ñòàêòèâóþ÷èé
åôåêò.

Âèâ÷åííÿ îñîáëèâîñòåé âïëèâó cïîëóêè 4k
íà ð³ñò ³ ðîçâèòîê Cucumis sativus íà ðàíí³õ ñòà-
ä³ÿõ îðãàíîãåíåçó ñâ³ä÷àòü ïðî ïðàêòè÷íî òîòîæ-
íó ä³þ ç òàêèìè ñïîëóêàìè ÿê 4b,e,³. Òàê, ó âñ³õ
âàð³àíòàõ äîñë³äæåíü â³äçíà÷àëîñü ñòàá³ëüíå ïðè-
ãí³÷åííÿ ðîçâèòêó ïðîðîñòê³â çà ïðàêòè÷íî ³äåí-
òè÷íî¿ ñèëè ïðîÿâó. Ïîêàçíèê ìàñè ïðîðîñòê³â
êîëèâàâñÿ â ìåæàõ 0,057–0,124 ã, à äîâæèíè –
8,21–9,22 ñì, ùî â³äïîâ³äíî áóëî íèæ÷å êîíò-
ðîëüíîãî âàð³àíòó íà 0,049–0,103 ã (25,0–64,4%)
òà 2,45–6,1 ñì (22,3–42,2%). Â êîíòåêñò³ âçà-
ºìîçâ’ÿçêó «ñòðóêòóðà–³íã³áóþ÷à àêòèâí³ñòü» ñë³ä
çàóâàæèòè, ùî äàí³ ñïîëóêè ì³ñòÿòü ôåíîêñèëü-
íèé ôðàãìåíò ç õëîðî- àáî æ ö³àíîçàì³ñíèêàìè,
ïðè÷îìó ¿õ ðîçì³ùåííÿ ó ìåòà-ïîëîæåíí³ îäèí
â³äíîñíî îäíîãî (ñïîëóêà 4k) ïðèâîäèòü äî çðî-
ñòàííÿ ³íã³áóþ÷îãî åôåêòó. Îäíà÷å íàéñèëüí³-
øèé ³íã³áóþ÷èé âïëèâ áóâ çàô³êñîâàíèé ó âñ³õ
âàð³àíòàõ äîñë³äæåíü, äå íàñ³ííÿ çàìî÷óâàëè ó
ðîç÷èíàõ ñïîëóê, ùî ì³ñòÿòü â ñâîºìó ñêëàä³
ôåíîêñèëüíèé ôðàãìåíò ç àöåòàì³äíèì (4f) òà
2,6-äèí³òðî-4-òðèôëóîðîìåòèëüíèì (4g) çàì³ñ-
íèêàìè. Ïðè âèêîðèñòàíí³ öèõ ñïîëóê ó êîí-
öåíòðàö³¿ 0,01% ñïîñòåð³ãàâñÿ ñèëüíèé ïðèãí³÷ó-
þ÷èé âïëèâ íà ð³ñò ³ ðîçâèòîê ïðîðîñòê³â. Öå
çàáåçïå÷èëî ôîðìóâàííÿ ðîñëèííèõ îðãàí³çì³â
ìàñîþ 0,046 ³ 0,052 ã òà äîâæèíîþ 5,02 ³ 5,71 ñì
â³äïîâ³äíî, ùî çíà÷íî íèæ÷å êîíòðîëüíîãî âà-
ð³àíòó íà 74,3, 71,7%, òà 62,1 ³ 57,4%, â³äïîâ³ä-
íî. Â òîé æå ÷àñ ïðè çàñòîñóâàíí³ ðîç÷èí³â äîñ-
ë³äæóâàíèõ ñïîëóê ó ä³àïàçîí³ êîíöåíòðàö³é
0,001–0,0001% ñïîñòåð³ãàëîñÿ ïîñëàáëåííÿ
³íã³áóþ÷îãî âïëèâó.

²íã³áóþ÷à ä³ÿ òàêîæ ïðîñòåæóºòüñÿ ïðè äîñ-
ë³äæåíí³ ñïîëóê 4d, l, ÿê³ ì³ñòÿòü ö³àíî- òà òðèô-
ëóîðîôåíîêñèëüíèé ôðàãìåíòè, õî÷à äëÿ íèõ
õàðàêòåðíèì º ïåðåá³ã ïðîöåñ³â òðåíóâàííÿ òà
àêòèâ³çàö³¿ [15], ùî çíà÷íî óñêëàäíþº ¿õ çàñòî-

ñóâàííÿ, îñê³ëüêè âèìàãàº äîñèòü ÷³òêèõ äîç
âèêîðèñòàííÿ äëÿ îòðèìàííÿ íåîáõ³äíîãî åôåê-
òó. Âèñîê³ êîíöåíòðàö³¿ (0,1%) äàíèõ ñïîëóê
âèêëèêàþòü ñòðåñ – çàãèáåëü ðîñëèííèõ
îðãàí³çì³â, ñåðåäí³ (0,01%) – ðåàêö³þ àêòèâ³çàö³¿
(ïðîòèä³ÿ ñòðåñîâîìó ôàêòîðó), à íèçüê³ (0,001–
0,0001%) – ðåàêö³þ òðåíóâàííÿ.

Íà â³äì³íó â³ä ðîçãëÿíóòèõ âèùå ïðèêëàä³â,
ïðè äîñë³äæåíí³ ðîç÷èí³â ñïîëóê 4a,h âëèâ íà
á³îìåòðè÷í³ ïàðàìåòðè äâîäîëüíî¿ ðîñëèíè
Cucumis sativus áóâ ä³àìåòðàëüíî ïðîòèëåæíèì
– ïðîÿâëÿâñÿ ð³ñòàêòèâóþ÷èé åôåêò. Ó äàíèõ
âàð³àíòàõ áóâ â³äçíà÷åíèé âàãîìèé ïðèð³ñò
â³äíîñíî êîíòðîëþ äîâæèíè ïðîðîñòêà – 1,117–
1,650 ñì, ùî ñòàíîâèòü 10,4–15,0%. Íàéâ³ðîã³ä-
í³øå, ùî òàêà ð³ñòñòèìóëþþ÷à àêòèâí³ñòü ïî-
â’ÿçàíà ³ç ôóíêö³îíàë³çàö³ºþ ³ì³äàçîò³àçèíîâîãî
á³öèêëó 4-í³òðîôåíîêñèëüíèì ôðàãìåíòîì.
Á³ëüø òîãî, äîñë³äæåííÿ ðîç÷èí³â ñèíòåçîâàíèõ
ñïîëóê 4c,j, ÿê³ ì³ñòÿòü 2,4-äèí³òðîôåíîêñèëü-
íèé ôðàãìåíò â êîíöåíòðàö³ÿõ 0,01–0,0001%
ïîêàçàëî çðîñòàííÿ ð³ñòàêòèâóþ÷îãî âïëèâó äî 18%
â³äíîñíî òàêîãî ïàðàìåòðó ÿê äîâæèíà ïðîðîñòêà.

Òàêèì ÷èíîì, õàðàêòåðèçóþ÷è çàëåæí³ñòü
ð³ñòðåãóëþþ÷îãî åôåêòó â³ä ïðèðîäè ôåíîêñèëü-
íîãî ôðàãìåíòà äîñë³äæóâàíèõ ñïîëóê 4a–l, ìîæ-
íà â³äçíà÷èòè, ùî ñòàá³ëüíèé ïðèãí³÷óþ÷èé
åôåêò ïðîÿâëÿþòü ñïîëóêè 4k,e, ó ÿêèõ (áåíçî)-
³ì³äàçî[2,1-b][1,3]ò³àçèíîâèé öèêë ìîäèô³êîâà-
íèé õëîðîö³àíîôåíîêñèëüíèìè çàì³ñíèêàìè, à
íàéá³ëüø àêòèâíèìè ñòèìóëÿòîðàìè ðîñòó –
ñïîëóêè 4c,j, ùî ïîºäíóþòü ó ñâî¿é ñòðóêòóð³
(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèíîâèé òà 2,4-äè-
í³òðîôåíîêñèëüíèé ôðàãìåíòè. Îòðèìàí³ ðå-
çóëüòàòè º âàãîìîþ ï³äñòàâîþ äëÿ ïîäàëüøèõ ïî-
ãëèáëåíèõ äîñë³äæåíü âêàçàíèõ ñïîëóê.

Âèñíîâêè

Òàêèì ÷èíîì, âçàºìîä³ºþ 3-ã³äðîêñè-3,4-
äèã³äðî-2Í-(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí³â 2à,b
³ç çàì³ùåíèìè õëîðîáåíçåíàìè îäåðæàíî ñåð³þ
íîâèõ ôåíîêñèáåíçî[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí³â
4a–l, ÿê³ äîñë³äæóâàëè íà ð³ñòðåãóëþþ÷ó àê-
òèâí³ñòü â³äíîñíî ô³ç³îëîã³÷íîãî ðîçâèòêó ïðî-
ðîñòê³â îã³ðêà Cucumis sativus. Çà ðåçóëüòàòàìè
âèêîíàíîãî á³îñêðèí³íãó âñòàíîâëåíî, ùî ñïî-
ëóêè 4k,å â³äçíà÷àþòüñÿ íàéá³ëüø ñòàá³ëüíèì
³íã³áóþ÷èì âïëèâîì, à ñïîëóêè 4f,g ïîêàçàëè
íàéñèëüí³øèé ïðèãí³÷óþ÷èé åôåêò ó âñ³õ äîñë³-
äæóâàíèõ êîíöåíòðàö³ÿõ. Âîäíî÷àñ, ðå÷îâèíè 4a,
ñ, h, j ïðîÿâëÿþòü çâîðîòí³é ð³ñòàêòèâ³çóþ÷èé
åôåêò, çîêðåìà 4ñ,j º íàéêðàùèìè ñòèìóëÿòîðà-
ìè ðîñòó ïðè íèçüêèõ êîíöåíòðàö³ÿõ. Ïîêàçà-
íî, ùî ñòðóêòóðà  âïåðøå ñèíòåçîâàíèõ ñïîëóê
ñóòòºâî âïëèâàº íà ¿õ ð³ñòðåãóëþþ÷ó àêòèâí³ñòü.
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SYNTHESIS AND GROWTH REGULATORY ACTIVITY OF
PHENOXY SUBSTITUTED (BENZO)IMIDAZO[2,1-b][1,3]-
THIAZINES

N.Yu. Slyvka a, *, L.M. Saliyeva a, E.M. Kadykalo a,
T.P. Bortnik b, M.B. Litvinchuk c, M.V. Vovk c

a Lesya Ukrainka Volyn National University, Lutsk, Ukraine
b Polissya Research Station National Scientific Center «Institute
for Soil Science and Agrochemistry Research named after
O.N. Sokolovsky», Lutsk, Ukraine

c Institute of Organic Chemistry of National Academy of
Sciences of Ukraine, Kyiv, Ukraine

* e-mail: slivka.natalia@vnu.edu.ua

A number of new 6-phenoxy-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazines 4a–g and their benzoannelated derivatives 4h–l
were synthesized by the interaction of substituted 2-chlorobenzenes
with 3-hydroxy(benzo)imidazo[2,1-b][1,3]thiazines in mild
reaction conditions with the yields of 62–69%. The structure of
the target compounds was proven by the results of 1H NMR and
13C NMR spectrometry and LC-MS. All newly synthesized
compounds were studied for the features of the physiological
development of seedlings of the dicotyledonous plant Cucumis
sativus. According to the results of the experiment, it was found
that 3-ñhloro-4-[(3,4-dihydro-2H-benzo[4,5]imidazo[2,1-
b][1,3]thiazin-3-yl)oxy]benzonitrile 4k and 4-ñhloro-3-[(6,7-
dihydro-5H-imidazo[2,1-b][1,3]thiazin-6-yl)oxy]benzonitrile 4e
have the most stable inhibitory effect; and 6-(2,4-dinitrophenoxy)-
6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine 4c and 3-(2,4-
dinitrophenoxy)-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-
b][1,3]thiazine 4j show the best growth stimulating activity at the
concentration of 0.0001%.

Keywords: 3-hydroxy-3,4-dihydro-2Í-(benzo)imidazo[2,1-
b][1,3]thiazines; 6-phenoxy-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazines; 3-phenoxy-3,4-dihydro-2H-benzo[4,5]imidazo-
[2,1-b][1,3]thiazines; growth regulatory activity; synthesis.
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