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Íàöèîíàëüíûé ôàðìàöåâòè÷åñêèé óíèâåðñèòåò, Óêðàèíà, Õàðüêîâ.

2
Äàëüíåâîñòî÷íûé ãîñóäàðñòâåííûé ìåäèöèíñêèé óíèâåðñèòåò, Ðîññèÿ, Õàáàðîâñê.

Îáíàðóæåíî, ÷òî ìåòèë-4-ãèäðîêñè-1-ôåíèë-2,2-äèîêñî-1Í-2�
6
,1-áåíçîòèàçèí-3-êàðáîê-

ñèëàò ñïîñîáåí âñòóïàòü â ðåàêöèþ ïåðåýòåðèôèêàöèè óæå ïðè êðèñòàëëèçàöèè èç ýòè-

ëîâîãî ñïèðòà, ïðåâðàùàÿñü ïðè ýòîì â ñîîòâåòñòâóþùèé ýòèëîâûé ýôèð. Èçó÷åíû îñî-

áåííîñòè ïðîñòðàíñòâåííîãî ñòðîåíèÿ ïîëó÷åííîãî ñîåäèíåíèÿ. Â ÷àñòíîñòè, ñ ïîìî-

ùüþ ñïåêòðîñêîïèè ßÌÐ
1
Í è ðåíòãåíîñòðóêòóðíîãî àíàëèçà óñòàíîâëåíî, ÷òî â ðàñòâî-

ðå 1-N-ôåíèëüíûé çàìåñòèòåëü ðàñïîëîæåí ïîä óãëîì îêîëî 60° ê ïëîñêîñòè, îáðàçîâàí-

íîé àìèíîôåíèëêàðáèíîëüíûì ôðàãìåíòîì 2,1-áåíçîòèàçèíà, òîãäà êàê â êðèñòàëëå çà

ñ÷åò ýôôåêòîâ óïàêîâêè ýòîò óãîë âîçðàñòàåò äî 80°.

Êëþ÷åâûå ñëîâà: 4-ãèäðîêñè-2,1-áåíçîòèàçèíû; ïåðåýòåðèôèêàöèÿ; ñëîæíûå ýôèðû;

ðåíòãåíîñòðóêòóðíûé àíàëèç.

Ñëîæíûå ýôèðû 4-ãèäðîêñè-2,2-äèîêñî-1Í-2�
6,1-

áåíçîòèàçèí-3-êàðáîíîâûõ êèñëîò ïðåäñòàâëÿþò èíòå-

ðåñ íå òîëüêî êàê âûñîêîýôôåêòèâíûå àíàëüãåòèêè

[1], íî è êàê îñíîâà ñèíòåçà ðàçíîîáðàçíûõ àìèäèðî-

âàííûõ ïðîèçâîäíûõ ñ øèðîêèì ñïåêòðîì áèîëîãè÷å-

ñêèõ ñâîéñòâ [2 – 4]. Ïðè ðàçðàáîòêå ïðåïàðàòèâíîãî

ñïîñîáà ïîëó÷åíèÿ ýòèõ ñîåäèíåíèé îòìå÷àëîñü, ÷òî

äîñòóïíûå àëêèë-2-(2-àëêîêñèêàðáîíèëôåíèëñóëüôà-

ìîèë)àöåòàòû äëÿ óñïåøíîãî çàìûêàíèÿ â ñîîòâåòñò-

âóþùèå 2,1-áåíçîòèàçèíû òðåáóþò ïðèìåíåíèÿ äîñòà-

òî÷íî ìîùíûõ îñíîâàíèé òèïà àëêîãîëÿòîâ íàòðèÿ è,

êðîìå òîãî, ïðîÿâëÿþò ïîâûøåííóþ ñêëîííîñòü ê ïå-

ðåýòåðèôèêàöèè, î ÷¸ì íå ñëåäóåò çàáûâàòü, âûáèðàÿ

ñïèðò äëÿ ïðèãîòîâëåíèÿ êàòàëèçàòîðà [1]. Â ïðîòèâ-

íîì ñëó÷àå ãåòåðîöèêëèçàöèÿ ïðèâåä¸ò ê îáðàçîâàíèþ

ñìåñè àëêèëîâûõ ýôèðîâ òîé èëè èíîé 4-ãèäðîêñè-

2,2-äèîêñî-1Í-2�
6,1-áåíçîòèàçèí-3-êàðáîíîâîé êèñëî-

òû, ÷òî äàëåêî íå âñåãäà ïðèåìëåìî.

Â ïðîöåññå äàëüíåéøèõ èññëåäîâàíèé âûÿñíèëîñü,

÷òî îáìåíó àëêîêñèëüíûìè ãðóïïàìè ïîäâåðæåíû íå

òîëüêî ïðîìåæóòî÷íûå àëêèë-2-(2-àëêîêñèêàðáîíèë-

ôåíèëñóëüôàìîèë)àöåòàòû, íî è ïîëó÷àåìûå èç íèõ

êîíå÷íûå àëêèë-4-ãèäðîêñè-2,2-äèîêñî-1Í-2�
6,1-áåí-

çîòèàçèí-3-êàðáîêñèëàòû. Ïðè÷åì, åñëè â ñëó÷àå ïåð-

âûõ ïåðåýòåðèôèêàöèÿ ïðîõîäèò â èçáûòêå ñïèðòà è â

ïðèñóòñòâèè ñèëüíûõ îñíîâàíèé (ò.å. â êëàññè÷åñêèõ

äëÿ ýòîãî òèïà ðåàêöèé óñëîâèÿõ [5] è, ñëåäîâàòåëüíî,

âïîëíå çàêîíîìåðíî), òî äëÿ âòîðûõ äàííîå ïðåâðàùå-

íèå íåîæèäàííî ëåãêî ñòàëî âîçìîæíûì ïðè îáû÷íîé

êðèñòàëëèçàöèè èç ñïèðòà áåç äîáàâëåíèÿ êàêèõ-ëèáî

êàòàëèçàòîðîâ. Òàê, â ÷àñòíîñòè, ìåòèë-4-ãèäðîêñè-1-

ôåíèë-2,2-äèîêñî-1Í-2�
6,1-áåíçîòèàçèí-3-êàðáîêñèëàò

(I) ïðèìåðíî íà 30 % (ïî äàííûì ñïåêòðà ßÌÐ 1Í îá-

ðàçóþùåãîñÿ ïðîäóêòà) ïðåâðàùàåòñÿ â ñâîé ýòèëî-

âûé àíàëîã (II) óæå ïîñëå êðàòêîâðåìåííîãî (3 –

5 ìèí) êèïÿ÷åíèÿ â ýòàíîëå. Ïîñëå óâåëè÷åíèÿ ïðî-

äîëæèòåëüíîñòè îáðàáîòêè êèïÿùèì ýòàíîëîì äî 1 ÷

òðàíñôîðìàöèÿ ìåòèëîâîãî ýôèðà â ýòèëîâûé ïðîõî-

äèò ïîëíîñòüþ.

Èíòåðåñíî, ÷òî â õèìèè î÷åíü áëèçêèõ ïî ñòðîåíèþ

ñëîæíûõ ýôèðîâ 4-ãèäðîêñè-2-îêñî-1,2-äèãèäðîõèíî-

ëèí-3-êàðáîíîâûõ êèñëîò, îòëè÷àþùèõñÿ òîëüêî ëèøü

íàëè÷èåì â ïîëîæåíèè 2 áèöèêëà êàðáîíèëüíîé ãðóï-

ïû âìåñòî ñóëüôîíèëüíîé, äàííîå ñâîéñòâî íå íàáëþ-

äàëîñü, íåñìîòðÿ íà ãîðàçäî áîëåå âûñîêóþ ðåàêöèîí-

íóþ ñïîñîáíîñòü èõ àëêîêñèêàðáîíèëüíûõ ôðàãìåí-

òîâ [2, 6]. Ýòî îáñòîÿòåëüñòâî ïîçâîëÿåò ïðåäïîëî-

æèòü, ÷òî ñêëîííîñòü ê îòíîñèòåëüíî ëåãêîé ïåðåýòå-

ðèôèêàöèè, ïî êðàéíåé ìåðå, ó ìåòèëîâûõ ýôèðîâ

4-ãèäðîêñè-2,2-äèîêñî-1Í-2�
6,1-áåíçîòèàçèí-3-êàðáî-

íîâûõ êèñëîò îáóñëîâëåíà ïðèñóòñòâèåì èìåííî ñóëü-

ôîíèëüíèõ ãðóïï. Î÷åâèäíî, èõ ìîùíîå àöèäèôèöè-

ðóþùåå âëèÿíèå [7] íàñòîëüêî ñèëüíî ïîâûøàåò

4-ÎÍ-êèñëîòíîñòü, ÷òî ïîÿâëÿåòñÿ ñïîñîáíîñòü ïðîòî-

íèðîâàòü àòîì êèñëîðîäà êàðáîíèëà, óâåëè÷èâàòü òåì

ñàìûì ýôôåêòèâíûé ïîëîæèòåëüíûé çàðÿä íà åãî óã-

ëåðîäíîì àòîìå è, êàê ðåçóëüòàò, çàïóñêàòü îáû÷íûé

ìåõàíèçì ïåðåýòåðèôèêàöèè [5]. Äðóãèìè ñëîâàìè, â

ðàññìàòðèâàåìîì íàìè ïðèìåðå, ñêîðåå âñåãî, èìååò

ìåñòî îäèí èç âàðèàíòîâ àâòîêàòàëèçà, êîãäà èñõîäíûé

ðåàãåíò îäíîâðåìåííî ÿâëÿåòñÿ è êàòàëèçàòîðîì ïðî-

òåêàþùåé ðåàêöèè.

Â ïðèíöèïå, òåîðåòè÷åñêè íåëüçÿ èñêëþ÷àòü è âîç-

ìîæíîñòü ïåðåýòåðèôèêàöèÿ ýôèðà (I) â òàóòîìåðíîé

4-îêñîôîðìå — ó êåòîýôèðîâ, êàê èçâåñòíî [8], îáìåí

ñïèðòîâûõ ãðóïï ïðîèñõîäèò êîëè÷åñòâåííî â ñõîä-
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íûõ óñëîâèÿõ è òàêæå íå òðåáóåò êàòàëèçàòîðîâ. Îäíà-

êî ñóùåñòâîâàíèå 2,1-áåíçîòèàçèíîâ â 4-îêñîôîðìå

áûëî îäíîçíà÷íî ïîäòâåðæäåíî òîëüêî â ñëó÷àå íåçà-

ìåù¸ííûõ â ïîëîæåíèè 3 [1, 9 – 11], 3-àëêèë-, 3-àðèë-

[10] èëè 3-õëîð- [12] ïðîèçâîäíûõ. Äëÿ ñëîæíûõ ýôè-

ðîâ 4-ãèäðîêñè-2,2-äèîêñî-1Í-2�
6,1-áåíçîòèàçèí-3-

êàðáîíîâûõ êèñëîò, íàõîäÿùèõñÿ êàê â ðàñòâîðå, òàê è

â êðèñòàëëè÷åñêîì ñîñòîÿíèè, ïîêà óäàëîñü çàôèêñè-

ðîâàòü èñêëþ÷èòåëüíî 4-ÎÍ-ôîðìû [1, 13, 14]. Ïîýòî-

ìó ðàññìîòðåííûé âûøå ìåõàíèçì ïåðåýòåðèôèêàöèè

ïîñðåäñòâîì àâòîêàòàëèçà âñ¸ æå ïðåäñòàâëÿåòñÿ áî-

ëåå âåðîÿòíûì.

Â ñïåêòðå ßÌÐ 1Í ýôèðà (II) îáðàùàåò íà ñåáÿ âíè-

ìàíèå òîò ôàêò, ÷òî ñèãíàë îäíîãî èç àðîìàòè÷åñêèõ

ïðîòîíîâ ðàñïîëîæåí â ñóùåñòâåííî áîëåå ñèëüíîì

ïîëå, ÷åì ñèãíàëû îñòàëüíûõ àðîìàòè÷åñêèõ ïðîòî-

íîâ. Âïîëíå î÷åâèäíî, ÷òî äàííûé ñèëüíîïîëüíûé

ñèãíàë îòâå÷àåò ïðîòîíó Í-8 áåíçîòèàçèíîâîãî ôðàã-

ìåíòà ìîëåêóëû, êîòîðûé ïîïàäàåò â îáëàñòü ýêðàíè-

ðîâàíèÿ êîëüöåâûìè òîêàìè N-ôåíèëüíîãî çàìåñòèòå-

ëÿ. Èñïûòûâàÿ ïðîñòðàíñòâåííûå ïîìåõè ñî ñòîðîíû

ïðîòîíà Í-8, N-ôåíèëüíîå ÿäðî äîëæíî íàõîäèòüñÿ

ïîä äîñòàòî÷íî áîëüøèì óãëîì ê ïëîñêîñòè ãåòåðî-

öèêëè÷åñêîãî ôðàãìåíòà ìîëåêóëû. Äëÿ óñòàíîâëåíèÿ

åãî áîëåå òî÷íîé îðèåíòàöèè ìû ïðîèçâåëè ýêñïåðè-

ìåíò ïî ÿäåðíîìó ýôôåêòó Îâåðõàóçåðà (ßÝÎ) ñ äî-

ïîëíèòåëüíûì îáëó÷åíèåì ñèãíàëà ïðîòîíà Í-8,

èìåþùåãî õèìè÷åñêèé ñäâèã 6,77 ì.ä. Â ðåçóëüòàòå

ýòîãî ýêñïåðèìåíòà íàáëþäàåòñÿ âîçðàñòàíèå èíòåí-

ñèâíîñòåé ñèãíàëîâ ñîñåäíåãî ñ íàñûùàåìûì ïðîòîíà

Í-7 è îðòî-ïðîòîíîâ N-ôåíèëüíîãî çàìåñòèòåëÿ

(ðèñ. 1).

Âåëè÷èíà ñòàöèîíàðíîãî ßÝÎ, êàê èçâåñòíî, â îñ-

íîâíîì îïðåäåëÿåòñÿ ðàññòîÿíèåì ìåæäó ïðîòîíîì,
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Ðèñ. 1. Ýôôåêòû ñòàöèîíàðíîãî ãîìîÿäåðíîãî ßÝÎ, âîçíèêàþ-

ùèå â ñïåêòðå ßÌÐ
1
Í ýôèðà (II) ïðè äîïîëíèòåëüíîì îáëó÷å-

íèè ñèãíàëà ïðîòîíà Í-8 (6,77 ì.ä.).

Ðèñ. 2. Ñòðîåíèå ìîëåêóëû ýôèðà (II) â ïðåäñòàâëåíèè àòîìîâ

ýëëèïñîèäàìè òåïëîâûõ êîëåáàíèé ñ 50 % âåðîÿòíîñòüþ.

Ò à á ë è ö à 1

Äëèíû ñâÿçåé (Å) â ñòðóêòóðå ýòèëîâîãî ýôèðà II

Ñâÿçü l, Å Ñâÿçü l, Å

S(1)-O(4) 1,420(2) S(1)-O(5) 1,424 (2)

S(1)-N(1) 1,649(2) S(1)-C(8) 1,738 (2)

N(1)-C(1) 1,418(2) N(1)-C(12) 1,446 (2)

O(1)-C(7) 1,331(2) O(2)-C(9) 1,221 (2)

O(3)-C(9) 1,320(3) O(3)-C(10) 1,441 (3)

C(1)-C(2) 1,382(3) C(1)-C(6) 1,405 (3)

C(2)-C(3) 1,383(3) C(3)-C(4) 1,376 (3)

C(4)-C(5) 1,364(3) C(5)-C(6) 1,409 (3)

C(6)-C(7) 1,437(3) C(7)-C(8) 1,376 (3)

C(8)-C(9) 1,454(3) C(10)-C(11A) 1,513 (4)

C(10)-C(11B) 1,524(4) C(12)-C(13) 1,375 (3)

C(12)-C(17) 1,375(3) C(13)-C(14) 1,384 (3)

C(14)-C(15) 1,366(3) C(15)-C(16) 1,372 (3)

C(16)-C(17) 1,381(3)

Ò à á ë è ö à 2

Âàëåíòíûå óãëû (ãðàä.) â ñòðóêòóðå ýòèëîâîãî ýôèðà II

Âàëåíòíûé óãîë �, ãðàä. Âàëåíòíûé óãîë �, ãðàä.

O(4)-S(1)-O(5) 117,49(9) O(4)-S(1)-N(1) 110,50 (9)

O(5)-S(1)-N(1) 106,20(9) O(4)-S(1)-C(8) 108,64 (9)

O(5)-S(1)-C(8) 112,68(9) N(1)-S(1)-C(8) 99,86 (9)

C(1)-N(1)-C(12) 119,9(2) C(1)-N(1)-S(1) 120,7 (1)

C(12)-N(1)-S(1) 116,9(1) C(9)-O(3)-C(10) 119,3 (2)

C(2)-C(1)-C(6) 119,9(2) C(2)-C(1)-N(1) 120,7 (2)

C(6)-C(1)-N(1) 119,4(2) C(1)-C(2)-C(3) 120,2 (2)

C(4)-C(3)-C(2) 120,7(2) C(5)-C(4)-C(3) 119,7 (2)

C(4)-C(5)-C(6) 121,3(2) C(1)-C(6)-C(5) 118,1 (2)

C(1)-C(6)-C(7) 120,4(2) C(5)-C(6)-C(7) 121,4 (2)

O(1)-C(7)-C(8) 121,2(2) O(1)-C(7)-C(6) 114,6 (2)

C(8)-C(7)-C(6) 124,2(2) C(7)-C(8)-C(9) 120,8 (2)

C(7)-C(8)-S(1) 119,1(2) C(9)-C(8)-S(1) 119,3 (2)

O(2)-C(9)-O(3) 123,5(2) O(2)-C(9)-C(8) 122,6 (2)

O(3)-C(9)-C(8) 113,9(2) O(3)-C(10)-C(11A) 107,6 (2)

O(3)-C(10)-C(11B) 103,7(2) C(13)-C(12)-C(17) 121,3 (2)

C(13)-C(12)-N(1) 120,0(2) C(17)-C(12)-N(1) 118,7 (2)

C(12)-C(13)-C(14) 118,9(2) C(15)-C(14)-C(13) 120,1 (2)

C(14)-C(15)-C(16) 120,8(2) C(15)-C(16)-C(17) 119,8 (2)

C(12)-C(17)-C(16) 119,1(2)



äëÿ êîòîðîãî ýòîò ýôôåêò íàáëþäàåòñÿ, è íàñûùàåìûì

ïðîòîíîì. Åñëè â ìîëåêóëå ïðèñóòñòâóþò ïðîòîíû,

ðàññòîÿíèå ìåæäó êîòîðûìè èçâåñòíî, è äëÿ íèõ îïðå-

äåëåíà âåëè÷èíà ßÝÎ (�
ñò

), òî ìîæíî ðàññ÷èòàòü ðàñ-

ñòîÿíèå ìåæäó äðóãèìè ïðîòîíàìè, äëÿ êîòîðûõ èç-

âåñòíà òîëüêî âåëè÷èíà ßÝÎ (�
õ
). Äëÿ ïðèáëèçèòåëü-

íîãî ðàñ÷åòà ìîæíî âîñïîëüçîâàòüñÿ òåì, ÷òî

çàâèñèìîñòü âåëè÷èíû ßÝÎ îò ðàññòîÿíèÿ ìåæäó ïðî-

òîíàìè îáðàòíî ïðîïîðöèîíàëüíà øåñòîé ñòåïåíè

ðàññòîÿíèÿ ìåæäó íèìè:

� = k/r
6
,

ãäå k — êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè, r — ðàñ-

ñòîÿíèå ìåæäó ïðîòîíàìè, äëÿ êîòîðûõ íàáëþäàåòñÿ

ßÝÎ.

Åñëè â ìîëåêóëå îäíî èç ìåæïðîòîííûõ ðàññòîÿíèé

èçâåñòíî, òî äëÿ ðàñ÷åòà âåëè÷èíû íåèçâåñòíîãî ìåæ-

ïðîòîííîãî ðàññòîÿíèÿ ìîæíî âîñïîëüçîâàòüñÿ ôîð-

ìóëîé:

�

�

ñò

õ

õ

ñò

�

r

r

6

6
.

Íåñëîæíûé ðàñ÷åò ïîêàçûâàåò, ÷òî, èñõîäÿ èç íà-

áëþäàåìûõ íàìè â ýêñïåðèìåíòå âåëè÷èí ßÝÎ

(�
ñò

= 12,50 % è �
õ

= 3,37 %), à òàêæå èç òîãî, ÷òî òè-

ïè÷íîå ðàññòîÿíèå ìåæäó îðòî-ïðîòîíàìè áåíçîëüíî-

ãî ÿäðà (r
ñò

) ñîñòàâëÿåò 2,38 Å, ðàññòîÿíèå ìåæäó ïðî-

òîíîì Í-2	 N-ôåíèëüíîãî çàìåñòèòåëÿ è ïðîòîíîì Í-8

ãåòåðîöèêëà äîëæíî áûòü áëèçêèì ê 3 Å. Òàêîìó ðàñ-

ñòîÿíèþ îòâå÷àåò óãîë ìåæäó ïëîñêîñòÿìè N-ôåíèëü-

íîãî è àìèíîôåíèëêàðáèíîëüíîãî ôðàãìåíòîâ

2,1-áåíçîòèàçèíà, áëèçêèé ê 60°.

Ïîíÿòíî, ÷òî N-ôåíèëüíûé çàìåñòèòåëü íå ñòàòè-

÷åí è íàõîäèòñÿ â äâèæåíèè âîêðóã ñâÿçè N-C. Â êðè-

ñòàëëå åãî ðàçâîðîò îòíîñèòåëüíî áèöèêëà çà ñ÷åò ýô-

ôåêòîâ óïàêîâêè íàâåðíÿêà áóäåò äàæå áîëüøå, ÷åì â

ðàñòâîðå. ×òî ýòî äåéñòâèòåëüíî òàê, ïîëíîñòüþ ïîä-

òâåðäèëî ïðîâåäåííîå íàìè ðåíòãåíîñòðóêòóðíîå èñ-

ñëåäîâàíèå (ðèñ. 2, òàáë. 1 è 2). Ïðè ýòîì óñòàíîâëåíî,

÷òî ôåíèëüíûé çàìåñòèòåëü ïðè àòîìå àçîòà ýôèðà (II)

çàìåòíî ðàçâåðíóò îòíîñèòåëüíî ýíäîöèêëè÷åñêîé

ñâÿçè C(1)-N(1) [òîðñèîííûé óãîë C(1)-N(1)-

C(12)-C(17) äîñòèãàåò 80,1(2)°]. Ñòåðè÷åñêîå îòòàëêè-

âàíèå ìåæäó àòîìàìè N-ôåíèëüíîãî è áèöèêëè÷åñêî-

ãî ôðàãìåíòîâ (óêîðî÷åííûé âíóòðèìîëåêóëÿðíûé

êîíòàêò Í(2)···Ñ(12) 2,53 Å ïðè ñóììå âàíäåðâààëüñî-

âûõ ðàäèóñîâ [15] 2,87 Å) ñïîñîáñòâóåò, ïî-âèäèìîìó,

óäëèíåíèþ ñâÿçåé C(1)-N(1) äî 1,418(2) Å è

N(1)-C(12) äî 1,446(2) Å ïî ñðàâíåíèþ ñ èõ ñðåäíèìè

çíà÷åíèÿìè 1,375 è 1,426 Å ñîîòâåòñòâåííî.

Êðîìå òîãî, íàéäåíî, ÷òî äèãèäðîòèàçèíîâûé ãåòå-

ðîöèêë ýôèðà (II) íàõîäèòñÿ â êîíôîðìàöèè, ïðîìåæó-

òî÷íîé ìåæäó “òâèñò-âàííîé” è “ñîôîé” (ïàðàìåòðû

ñêëàä÷àòîñòè [16]: S = 0,57, � = 51,2°, 
 = 26,3°). Îò-

êëîíåíèÿ àòîìîâ S(1) è Ñ(8) îò ñðåäíåêâàäðàòè÷íîé

ïëîñêîñòè îñòàëüíûõ àòîìîâ öèêëà ñîñòàâëÿþò 0,79 è

0,26 Å ñîîòâåòñòâåííî. ÑÎÎ-ôðàãìåíò ýòîêñèêàðáî-

íèëüíîãî çàìåñòèòåëÿ ïðè àòîìå Ñ(8) ïðàêòè÷åñêè êî-

ïëàíàðåí ýíäîöèêëè÷åñêîé äâîéíîé ñâÿçè [òîðñèîí-

íûé óãîë Ñ(7)-Ñ(8)-Ñ(9)-Î(2) ñîñòàâëÿåò – 6,9(3)°],

÷òî, î÷åâèäíî, ñòàáèëèçèðîâàíî âíóòðèìîëåêóëÿðíîé

âîäîðîäíîé ñâÿçüþ O(1)-H···O(2): H···O 1,73 Å,

O-H···O 157°. Îáðàçîâàíèå Î-Í···Î âîäîðîäíîé ñâÿçè

ïðèâîäèò ê óäëèíåíèþ ñâÿçåé Î(2)-Ñ(9) äî 1,221(2) Å

è Ñ(7)-Ñ(8) äî 1,376(3) Å ïî ñðàâíåíèþ ñ èõ ñðåäíèìè

çíà÷åíèÿìè [17] 1,210 è 1,326 Å ñîîòâåòñòâåííî.

Ýòèëüíàÿ ãðóïïà ñëîæíîýôèðíîãî çàìåñòèòåëÿ íàõî-

äèòñÿ â àð-êîíôîðìàöèè îòíîñèòåëüíî ñâÿçè Ñ(8)-Ñ(9)

[òîðñèîííûé óãîë Ñ(10)-Î(3)-Ñ(9)-Ñ(8) ñîñòàâëÿåò

– 178,4(2)°] è ðàçóïîðÿäî÷åíà ïî 2 ïîëîæåíèÿì (À è

Â) ñ ðàâíîâåðîÿòíîé çàñåëåííîñòüþ âñëåäñòâèå âðà-

ùåíèÿ âîêðóã ñâÿçè Î(3)-Ñ(10). Â êîíôîðìåðå À

ýòèëüíàÿ ãðóïïà ðàñïîëîæåíà ïðàêòè÷åñêè îðòîãî-

íàëüíî ïëîñêîñòè êàðáîêñèëüíîãî ôðàãìåíòà, à â êîí-

ôîðìåðå Â íàõîäèòñÿ â êîíôîðìàöèè, ïðîìåæóòî÷íîé

ìåæäó +àñ è àð- îòíîñèòåëüíî ñâÿçè Ñ(9)-Î(3) [òîðñè-

îííûé óãîë Ñ(9)-Î(3)-Ñ(10)-Ñ(11) ñîñòàâëÿåò

– 81,9(3)° â êîíôîðìåðå À è 156,7(3)° â Â]. Àòîì àçîòà

ãåòåðîöèêëà èìååò ïèðàìèäàëüíóþ êîíôèãóðàöèþ,

ñóììà öåíòðèðîâàííûõ íà íåì âàëåíòíûõ óãëîâ ñî-

ñòàâëÿåò 357°.

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

Ñïåêòð ßÌÐ 1H ðåãèñòðèðîâàëè íà ñïåêòðîìåòðå

Varian Mercury-400 (ÑØÀ), ðàáî÷àÿ ÷àñòîòà 400 ÌÃö,

ðàñòâîðèòåëü ÄÌÑÎ-d
6
, âíóòðåííèé ñòàíäàðò ÒÌÑ.

Ýêñïåðèìåíòû ïî ßÝÎ ïðîâîäèëè íà òîì æå ïðèáîðå

ïðè äîïîëíèòåëüíîì îáëó÷åíèè ñèãíàëà âûáðàííîãî

ïðîòîíà â òå÷åíèå 4 ñ ïåðåä ïîäà÷åé âîçáóæäàþùåãî

èìïóëüñà. Èíòåíñèâíîñòü ßÝÎ îïðåäåëÿëè îòíîñè-

òåëüíî èíòåíñèâíîñòè ïîäàâëÿåìîãî ñèãíàëà. Ýëå-

ìåíòíûé àíàëèç ïðîâîäèëè íà ìèêðîàíàëèçàòîðå

EuroVector EA-3000 (Âåëèêîáðèòàíèÿ). Äàííûå ýëå-

ìåíòíîãî àíàëèçà ñîîòâåòñòâóþò âû÷èñëåííûì. Òåì-

ïåðàòóðó ïëàâëåíèÿ îïðåäåëÿëè â êàïèëëÿðå íà öèô-

ðîâîì àíàëèçàòîðå òî÷êè ïëàâëåíèÿ SMP10 Stuart (Âå-

ëèêîáðèòàíèÿ). Èñõîäíûé ìåòèëîâûé ýôèð (I)

ïîëó÷àëè ïî èçâåñòíîé ìåòîäèêå [1].

Ýòèë-4-ãèäðîêñè-1-ôåíèë-2,2-äèîêñî-1H-2�6,1-

áåíçîòèàçèí-3-êàðáîêñèëàò (II). Ðàñòâîð 3,31 ã

(0,01 ìîëü) ìåòèëîâîãî ýôèðà (I) â 15 ìë ýòàíîëà êèïÿ-

òÿò 1 ÷, ïîñëå ÷åãî îõëàæäàþò è ïîìåùàþò â ìîðî-

çèëüíûé øêàô ïðè òåìïåðàòóðå – 20 °C íà 5 ÷. Âûäå-

ëèâøèåñÿ áåñöâåòíûå êðèñòàëëû ýòèëîâîãî ýôèðà (II)

îòôèëüòðîâûâàþò, ñóøàò. Âûõîä 3,21 ã (93 %). Ò
ïë

160 – 162 °C. Ñïåêòð ßÌÐ 1H, �, ì.ä. (J, Ãö): 13,29 (c,

1H, 4-ÎÍ); 8,11 (ä, J 7,6 Ãö, 1Í, Í-5); 7,60 – 7,68 (4Í,

ì, Í-7,3	,4	,5	); 7,35 – 7,30 (3Í, ì, Í-6,2	,6	); 6,77 (ä, J

8,1 Ãö, 1Í, Í-8); 4,42 (ê, J 7,0 Ãö, 2Í, ÎCH
2
); 1,30 (ò, J

7,0 Ãö, 3Í, CH
3
).

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ýòèë-4-ãèä-

ðîêñè-1-ôåíèë-2,2-äèîêñî-1Í-2�6,1-áåíçîòèàçèí-3-

êàðáîêñèëàòà (II). Êðèñòàëëû ýòèëîâîãî ýôèðà II

(C
17

H
15

NO
5
S, Ì 345,36) ìîíîêëèííûå (ýòàíîë), ïðè

20 °C a = 11,505(2); b = 9,4125(9); c = 16,543(2) Å;

� = 107,86(1)°; V = 1705,0(3) Å3; Z = 4; ïðîñòðàíñòâåí-
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íàÿ ãðóïïà P2
1
/n; d

âû÷
= 1,345 ã/ñì3; �(MoK

�
) =

0,216 ìì– 1; F(000) = 720. Ïàðàìåòðû ýëåìåíòàðíîé

ÿ÷åéêè è èíòåíñèâíîñòè 16555 îòðàæåíèé (4937 íåçà-

âèñèìûõ, R
int

= 0,040) èçìåðåíû íà äèôðàêòîìåòðå

Xcalibur-3 (MoK
�

èçëó÷åíèå, ÑÑD-äåòåêòîð, ãðàôèòî-

âûé ìîíîõðîìàòîð, �-ñêàíèðîâàíèå, 2�
ìàêñ

= 60°).

Ñòðóêòóðà ðàñøèôðîâàíà ïðÿìûì ìåòîäîì ïî êîì-

ïëåêñó ïðîãðàìì SHELXTL [18]. Ïðè óòî÷íåíèè

ñòðóêòóðû íàëàãàëèñü îãðàíè÷åíèÿ íà äëèíó ñâÿçè ðàç-

óïîðÿäî÷åííîé ýòèëüíîé ãðóïïû (1,54 Å). Ïîëîæåíèÿ

àòîìîâ âîäîðîäà âûÿâëåíû èç ðàçíîñòíîãî ñèíòåçà

ýëåêòðîííîé ïëîòíîñòè è óòî÷íåíû ïî ìîäåëè “íàåçä-

íèêà” ñ U
èçî

= nU
ýêâ

íåâîäîðîäíîãî àòîìà, ñâÿçàííîãî ñ

äàííûì âîäîðîäíûì (n = 1,5 äëÿ ìåòèëüíîé ãðóïïû è

n = 1,2 äëÿ îñòàëüíûõ àòîìîâ âîäîðîäà). Àòîì âîäîðî-

äà, ó÷àñòâóþùèé â îáðàçîâàíèè Î-Í···Î âîäîðîäíîé

ñâÿçè, óòî÷íåí â èçîòðîïíîì ïðèáëèæåíèè. Ñòðóêòóðà

óòî÷íåíà ïî F2 ïîëíîìàòðè÷íûì ìåòîäîì íàèìåíü-

øèõ êâàäðàòîâ â àíèçîòðîïíîì ïðèáëèæåíèè äëÿ íå-

âîäîðîäíûõ àòîìîâ äî wR
2

= 0,146 ïî 4867 îòðàæåíè-

ÿì (R
1

= 0,055 ïî 2957 îòðàæåíèÿì ñ F > 4
 (F ),

S = 0,961). Ìåæàòîìíûå ðàññòîÿíèÿ è âàëåíòíûå óãëû

ïðåäñòàâëåíû â òàáë. 1 è 2 ñîîòâåòñòâåííî. Ïîëíàÿ

êðèñòàëëîãðàôè÷åñêàÿ èíôîðìàöèÿ ïî ýòèëîâîìó

ýôèðó (II) äåïîíèðîâàíà â Êåìáðèäæñêîì áàíêå ñòðóê-

òóðíûõ äàííûõ, äåïîíåíò ¹ CCDC 1027751.
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Ïîñòóïèëà 13.10.14

SYNTHESIS AND SPATIAL STRUCTURE OF ETHYL-4-HYDROXY-1-

PHENYL-2,2-DIOXO-1H-2l6,1-BENZOTHIAZINE-3-CARBOXYLATE

I. V. Ukrainets
1
, L. A. Petrushova

1
, G. Sim

2
, and L. A. Grinevich

1

1
National University of Pharmacy, 61000 Kharkiv, Ukraine

2
Far East State Medical University, Khabarovsk, 680000 Russia

It has been found that methyl 4-hydroxy-1-phenyl-2,2-dioxo-1H-2�
6
,1-benzothiazine-3-carboxylate can undergo the reaction of trans-esterification already

when crystallizing from ethyl alcohol, with transformation into the corresponding ethyl ester. Peculiarities of the spatial structure of the obtained compound

were studied. In particular, it was determined with the help of
1
Í NMR spectroscopy and x-ray diffraction analysis that 1-N-phenyl substituent in solution is

arranged at an angle of about 60° to the plane formed by the aminophenylcarbinol fragment of 2,1-benzothiazine, whereas in the crystal this angle increases

to 80° due to the effects of packing.

Keywords: 4-hydroxy-2,1-benzothiazines; trans-esterification; esters; x-ray diffraction analysis.
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