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Ðåàêöèåé [2+4]-öèêëîïðèñîåäèíåíèÿ 1,3-äèåíîâ ê Ñ-íèòðîçî-àëêèë-N-àðèëêàðáàìàòàì
ïîëó÷åíû êàðáàìàòíûå ïðîèçâîäíûå 1,2-îêñàçèíà è èññëåäîâàíà in vitro èõ àíòèìèêîáàê-
òåðèàëüíàÿ àêòèâíîñòü â îòíîøåíèè Micobacterium tuberculosis è Micobacterium lufu â
ñðàâíåíèè ñ èçîíèàçèäîì è äàïñîíîì. Óñòàíîâëåíî, ÷òî àêòèâíîñòü ñîåäèíåíèé ñóùåñò-
âåííî çàâèñèò îò ïðèðîäû è ïîëîæåíèÿ çàìåñòèòåëåé â îêñàçèíîâîì ÿäðå è ìàëî çàâèñèò
îò ïðèðîäû çàìåñòèòåëåé êàðáàìàòíîé ãðóïïèðîâêè. Íàèáîëåå àêòèâíûì ñðåäè íèõ ÿâ-
ëÿåòñÿ 4,5-äèìåòèë-2-(ï-ìåòîêñèêàðáîíèëàìèíî)ôåíèë-3,6-äèãèäðî-1,2-îêñàçèí.

Â ñâÿçè ñ ðîñòîì çàáîëåâàåìîñòè òóáåðêóëåçîì âî-
ïðîñû ñèíòåçà íîâûõ ïðîòèâîòóáåðêóëåçíûõ ïðåïàðà-
òîâ íå òåðÿþò ñâîåé àêòóàëüíîñòè. Â Ðîññèè óâåëè÷è-
âàåòñÿ ÷èñëî áîëüíûõ, âûäåëÿþùèõ øòàììû ìèêîáàê-
òåðèè òóáåðêóëåçà, óñòîé÷èâûå ê âîçäåéñòâèþ
èçâåñòíûõ ïðîòèâîòóáåðêóëåçíûõ ïðåïàðàòîâ, â òî
âðåìÿ êàê îñíîâíîé ïðîáëåìîé çà ðóáåæîì ÿâëÿþòñÿ
ìèêîáàêòåðèîçû, âûçûâàåìûå àòèïè÷íûìè øòàììàìè
ìèêîáàêòåðèé. Óêàçàííûå ïðîáëåìû ìîãóò áûòü ðåøå-
íû ðàçðàáîòêîé è âíåäðåíèåì â ìåäèöèíñêóþ ïðàêòè-
êó íîâûõ ïðîòèâîòóáåðêóëåçíûõ ïðåïàðàòîâ, îòëè÷àþ-
ùèõñÿ îò èçâåñòíûõ ïðåïàðàòîâ ìåõàíèçìîì äåéñòâèÿ
è ìàëîé òîêñè÷íîñòüþ.

Ðàíåå ìû ñîîáùèëè [1], ÷òî âçàèìîäåéñòâèå ìå-
òèë-N-(ï-íèòðîçîôåíèë)êàðáàìàòà (Ia) c 2,3-äèìåòèë-
áóòàäèåíîì-1,3, ýòèë-2,4-ãåêñàäèåíîàòîì è áèöèêëî-
ãåêñåíèëîì â ìåòèëåíõëîðèäå ïðè 25 °C ïðîòåêàåò êàê
ðåàêöèÿ [2+4]-öèêëîïðèñîåäèíåíèÿ è ïðèâîäèò ê ïî-
ëó÷åíèþ ñîîòâåòñòâóþùèõ ïðîèçâîäíûõ 1,2-îêñàçèíà
ñ êàðáàìàòíîé ôóíêöèåé (II – IV).

Âîçìîæíàÿ ïðîòèâîòóáåðêóëåçíàÿ àêòèâíîñòü êàð-
áàìàòíûõ ïðîèçâîäíûõ 1,2-îêñàçèíà áûëà îïðåäåëåíà
ïî ñèñòåìå PASS [2].

Â äàííîé ðàáîòå ñ öåëüþ ðàñøèðåíèÿ ðÿäà ñîåäèíå-
íèé äëÿ èññëåäîâàíèÿ èõ ïðîòèâîòóáåðêóëåçíîé àê-
òèâíîñòè ïî òîé æå ñõåìå íà îñíîâå äðóãèõ Ñ-íèòðî-
çîàëêèë-N-àðèëêàðáàìàòîâ Iâ – æ [3] áûëè ïîëó÷åíû
êàðáàìàòíûå ïðîèçâîäíûå 1,2-îêñàçèíà V – IX. Êðîìå
òîãî, èçó÷åíà âîçìîæíîñòü ïîëó÷åíèÿ íîâûõ Ñ-íèòðî-
çîàëêèë-N-àðèëêàðáàìàòîâ íèòðîçèðîâàíèåì àëëèë-,
ïðîïàðãèë-N-ôåíèëêàðáàìàòîâ, ìåòèë-N-[3-[(ìåòîêñè-
êàðáîíèë)àìèíî]-4-ìåòèëôåíèë]êàðáàìàòà è ïîñëåäó-
þùåãî èõ ââåäåíèÿ â äèåíîâóþ êîíäåíñàöèþ ñ 2,3-äè-
ìåòèëáóòàäèåíîì-1,3.

R = CH2C � CH, R� = R�� = H (Iç), R = Me, R� = 2-Me, R�� = 5-NHCO2Me (Iè)

Óñòàíîâëåíî, ÷òî íèòðîçèðîâàíèå ïðîïàðãèë-N-ôå-
íèëêàðáàìàòà è ìåòèë-N-[3-[(ìåòîêñèêàðáîíèë)àìè-
íî]-4-ìåòèëôåíèë]êàðáàìàòà íèòðîçèëñåðíîé êèñëî-
òîé â ëåäÿíîé óêñóñíîé êèñëîòå ïðè 0 – 5 °C çàâåðøà-
åòñÿ îáðàçîâàíèåì ïðîïàðãèë-N-(ï-íèòðîçîôåíèë)êàð-
áàìàòà (Iç) è ìåòèë-N-[5-[(ìåòîêñèêàðáîíèë)àìèíî]-
2-ìåòèë-4-íèòðîçîôåíèë]êàðáàìàòà (Iè).

Ïîïûòêè ïîëó÷åíèÿ àëëèë-N-(ï-íèòðîçîôåíèë)êàð-
áàìàòà, êàê è ðàíåå òðåò-áóòèë-N-ôåíèëêàðáàìàòà [3]
îêàçàëèñü áåçóñïåøíûìè; íàáëþäàëîñü âûäåëåíèå äè-
îêñèäà óãëåðîäà è îáðàçîâàíèå ãèäðîñóëüôàòà ôåíè-
ëàììîíèÿ, íåñìîòðÿ íà ýôôåêòèâíîå îõëàæäåíèå ðå-
àêöèîííîé ñìåñè.

Êàê è îæèäàëîñü, [2+4]-öèêëîïðèñîåäèíåíèå
2,3-äèìåòèëáóòàäèåíà ïî íèòðîçîãðóïïå ãåòåðîäèåíî-
ôèëîâ Iâ – è ïðèâîäèò ê ïîëó÷åíèþ ñîîòâåòñòâóþùèõ
êàðáàìàòíûõ ïðîèçâîäíûõ 1,2-îêñàçèíà V – XI.

Ia, R = Me, R� = R� = H, çäåñü è äàëåå Õ = 4-N=O
Iá, R = Me, R� = 3-NHCO2Me, R� = H;
Iâ, R = Et, R� = R� = H;
Iã, R = i-Pr, R� = R� = H;
Iä, R = PhCH2, R� = R� = H;
Iå, R = öèêëî-Ñ6Í11, R� = R� = H;
Iæ, R = Me, R� = 2-Ìå, R� = H, Õ = 5-N=O;
Iç, R = CH2C�CH, R� = R� = H;
Iè, R = Me, R� = 5-NHCO2Me, R� = 2-Me;
II, R� = R� = R1 = R4 = H, R2 = R3 = Me, Y = 4-NHCO2Me
III, R1 = Me, R� = R� = R2 = R3 = H, R4 = CO2Et, Y = 4-NHCO2Me
IV, R� = R� = H, R1 = R2 = R3 = R4 = CH2CH2, Y = 4-NHCO2Me
V, Y = 4-NHCO2Et, çäåñü è äàëåå R� = R� = R1 = R4 = H, R2 = R3 = Me
VI, Y = 4-NHCO2Pr-i
VII, Y = 4-NHCO2CH2Ph
VIII, Y = 4-NHCO2C6H11-öèêëî

IX, Y = 3-NHCO2Me, R� = 4-Me, R� = R1 = R4 = H, R2 = R3 = Me
X, Y = 4-NHCO2CH2C � CH, R� = R� = R1 = R4 = H, R2 = R3 = Me
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XI, R2 = R3 = Me, R� = 2-NHCO2Me, R� = 4-Ìå, R1 = R4 = H,
Y = 3-NHCO2Me

Ñîñòàâ è ñòðóêòóðà ñîåäèíåíèé Iç, è, V – XI ïîä-
òâåðæäåíû ýëåìåíòíûì àíàëèçîì è ÈÊ ñïåêòðàìè, à
ñîåäèíåíèÿ Iè, V — äîïîëíèòåëüíî ÏÌÐ ñïåêòðàìè.

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

ÈÊ-ñïåêòðû çàïèñàíû íà ïðèáîðå ÈÊÑ-29 â ñóñïåí-
çèè âàçåëèíîâîãî ìàñëà è â ÑÍCl3. ÏÌÐ-ñïåêòðû ðå-
ãèñòðèðîâàëè íà ñïåêòðîìåòðå Bruker AC-200 â ðàñ-
òâîðå ÄÌÑÎ-d6, èñïîëüçóÿ â êà÷åñòâå âíóòðåííåãî
ñòàíäàðòà ÒÌÑ. Èíäèâèäóàëüíîñòü ñîåäèíåíèé êîíò-
ðîëèðîâàëè ìåòîäîì ÒÑÕ íà ïëàñòèíàõ Silufol UV-254
â ñèñòåìå õëîðîôîðì — ýôèð, 1:1, ïðîÿâëåíèå â ïàðàõ
èîäà. Ìåòîäèêè ñèíòåçà ñîåäèíåíèé Ià – æ, II – IV è èõ
ôèçèêî-õèìè÷åñêèå êîíñòàíòû ïðèâåäåíû â ðàáîòàõ
[1, 3]; ñâîéñòâà íîâûõ âåùåñòâ — â òàáë. 1.

Ïðîïàðãèë-N-(ï-íèòðîçîôåíèë)êàðáàìàò (Iç).
Ðàñòâîð 1,75 ã (10 ììîëü) ïðîïàðãèë-N-ôåíèëêàðáàìà-
òà â 20 ìë ëåäÿíîé óêñóñíîé êèñëîòû äîáàâëÿþò ïî
êàïëÿì ïðè ïåðåìåøèâàíèè ê íèòðîçèëñåðíîé êèñëî-
òå, ïîëó÷åííîé èç 2 ã (29 ììîëü) íèòðèòà íàòðèÿ è
10 ìë êîíöåíòðèðîâàííîé ñåðíîé êèñëîòû, ïîääåðæè-
âàÿ òåìïåðàòóðó ðåàêöèîííîé ìàññû 5 – 10 °C. Ñìåñü
âûäåðæèâàþò ïðè 0 °C 0,5 ÷ è âûëèâàþò íà ëåä. Îñà-
äîê îòäåëÿþò, ïðîìûâàþò âîäîé äî íåéòðàëüíîé ðåàê-
öèè, ñóøàò íà âîçäóõå è î÷èùàþò ìåòîäîì êîëîíî÷íîé
æèäêîñòíîé õðîìàòîãðàôèè (ñîðáåíò — îêñèä àëþìè-
íèÿ 90, íåéòðàëüíûé, 63 – 200 ìêì, ýëþåíò — äèýòè-
ëîâûé ýôèð). Ïîëó÷àþò 1,8 ã (89%) ñîåäèíåíèÿ Iæ â
âèäå êðèñòàëëîâ ñâåòëî-çåëåíîãî öâåòà. Ò.ïë. 184 °C.
ÈÊ ñïåêòð, �, ñì – 1: 3305 (NH), 2145 (–C�CH), 1745
(C=O), 1555 (NO), 1605, 1510 (C---Ñàðîì.), 1105 (Ñ-N).
C10H8N2O3.

Ìåòèë-N-[5-(ìåòîêñèêàðáîíèë)àìèíî]-2-ìåòèë-

4-íèòðîçîôåíèë]êàðáàìàò (Iè) ïîëó÷àþò ïî àíàëî-
ãè÷íîé ìåòîäèêå íèòðîçèðîâàíèåì 2,38 ã (10 ììîëü)
ìåòèë-N-[3-[(ìåòîêñèêàðáîíèë)àìèíî]-4-ìåòèëôå-

íèë]êàðáàìàòà. Âûõîä ñîåäèíåíèÿ Iè — 1,76 ã (66%) â
âèäå êðèñòàëëîâ çåëåíîãî öâåòà. Ò. ïë. 156 °C (èç äèý-
òèëîâîãî ýôèðà). Ñïåêòð ÏÌÐ, �, ì.ä.: 8,11 ñ (Í6), 7,75
ñ (Í3), 7,52 óø. ñ (NH), 5,08 óø. ñ (NH), 3,82 ñ (3Í,
ÎÌå), 3,70 ñ (3Í, ÎÌå). ÈÊ ñïåêòð (ÑÍCl3), �, ñì – 1:
3435 (NH), 1745 (C=O), 1525 (NO), 1620, 1590, 1560
(C---Ñàðîì.), 1115 (C–N). Ñ11Í13N3Î5.

Ýòèë-N-[4-(4,5-äèìåòèë-3,6-äèãèäðî-2Í-1,2-îêñà-

çèí-2-èë)ôåíèë]êàðáàìàò (V). Ê ðàñòâîðó 3,1 ã
(16 ììîëü) ýòèë-N-(ï-íèòðîçîôåíèë)êàðáàìàòà (Iâ) â
30 ìë äèõëîðìåòàíà äîáàâëÿþò 1,8 ìë (16 ììîëü) ñâå-
æåïåðåãíàííîãî 2,3-äèìåòèëáóòàäèåíà-1,3. Ñìåñü âû-
äåðæèâàþò ïðè 25 °C äî îáðàçîâàíèÿ îñàäêà. Ïðîäóêò
îòäåëÿþò, ïðîìûâàþò ýôèðîì (10 ìë) è äâàæäû êðèñ-
òàëëèçóþò èç ýòàíîëà. Ñïåêòð ÏÌÐ, �, ì.ä.: 1,23 ò (3Í,
ÎÑÍ2ÑÍ3, J 7 Ãö), 1,64 ñ (3Í, Ìå), 1,71 ñ (3Í, Ìå), 4,10
ê (2Í, ÎÑÍ2ÑÍ3, J 7 Ãö), 3,52 ñ (2Í, ÑÍ2), 4,22 ñ (2Í,
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Ò à á ë è ö à 1
Êàðáàìàòíûå ïðîèçâîäíûå 1,2-îêñàçèíà

Ñîåäè-
íåíèÿ

Âûõîä,
%

Ò.ïë.,
°C

Áðóòòî
ôîðìóëà �, ñì – 1

V 65 201 Ñ15H20N2O3 3335 (NH), 1720 (C=O), 1620,
1555 (C=C, C---Ñàðîì.)

VI 65 171 Ñ16H22N2O3 3360 (NH), 1710 (C=O), 1610,
1540 (C=C, C---Ñàðîì.)

VII 62 130 Ñ20H22N2O3 3310 (NH), 1705 (C=O), 1605,
1535 (C=C, C---Ñàðîì.)

VIII 54 163 Ñ19H26N2O3 3360 (NH), 1705 (C=O), 1600,
1550, 1535 (C=C, C---Ñàðîì.)

IX 60 138 Ñ15H20N2O3 3310 (NH), 1710 (C=O), 1630,
1605, 1545, 1530 (C=C,
C---Ñàðîì.)

X 48 152 Ñ16H18N2O3 3345 (NH), 2140 (C�CH),
1740 (C=O), 1620, 1590 (C=C,
C---Ñàðîì.)

XI 60 169 Ñ17H23N3O5 3330 (NH), 1740 (C=O), 1610,
1565, 1555, 1525 (C=C,
C---Ñàðîì.)

Ò à á ë è ö à 2
Àíòèìèêîáàêòåðèàëüíàÿ àêòèâíîñòü è îñòðàÿ òîêñè÷íîñòü êàðáàìàòíûõ ïðîèçâîäíûõ 1,2-îêñàçèíà

Ñîåäèíåíèå
ËÄ50,
ìã3êã

Òåñò-øòàììû

M. lufu M. tuberculosis

ÌÈÊ, ìêã3ìë ÌÁÊ, ìêã3ìë ÌÈÊ, ìêã3ìë ÌÁÊ, ìêã3ìë

II 1350 4,0 � 1,15 12,1 � 2,14 3,8 � 1,05 10,0 � 2,21
III 1320 25,0 � 8,62 47,4 � 9,41 54,8 � 13,24 136,4 � 20,34
IV 1215 19,3 � 6,43 36,3 � 5,72 52,4 � 12,31 129,6 � 19,45
V 1120 4,2 � 2,32 12,8 � 2,20 4,5 � 1,17 11,1 � 2,04
VI 998 4,3 � 2,17 13,5 � 2,94 5,1 � 2,13 12,3 � 2,41
VII 992 5,6 � 2,41 14,4 � 3,51 7,2 � 2,17 17,4 � 4,32
VIII 1005 4,4 � 1,78 12,5 � 2,93 5,7 � 2,07 13,9 � 2,31
IX 850 6,5 � 2,32 17,2 � 2,31 5,2 � 2,11 22,4 � 2,41
X 810 5,1 � 1,54 13,1 � 2,04 4,7 � 1,61 13,4 � 2,33
XI 827 4,8 � 1,61 13,8 � 2,13 5,1 � 1,97 15,5 � 2,34
Äàïñîí 3,2 � 0,55 4,4 � 1,10 28,8 � 10,43 89,6 � 17,53
Èçîíèàçèä 8,8 � 2,19 11,2 � 2,19 2,4 � 0,45 7,2 � 0,89



ÑÍ2), 6,91 ä (2Íàðîì., J 7 Ãö), 7,18 ä (2Íàðîì., J 7 Ãö),
9,20 óø. ñ (1Í, NH).

Ïî àíàëîãè÷íîé ìåòîäèêå ïîëó÷àþò äðóãèå êàðáà-
ìàòíûå ïðîèçâîäíûå 1,2-îêñàçèíà (òàáë. 1).

Ýêñïåðèìåíòàëüíàÿ áèîëîãè÷åñêàÿ ÷àñòü

Àíòèìèêîáàêòåðèàëüíóþ àêòèâíîñòü ñîåäèíåíèé
V – XI èññëåäîâàëè in vitro íà êóëüòóðàõ ìèêîáàêòåðèé
Micobacterium tuberculosis (ëàáîðàòîðíûé øòàìì
H37Rv) è Micobacterium lufu (ïðåäëîæåíà äëÿ ïðåäâà-
ðèòåëüíîãî îòáîðà ñðåäñòâ ñ ïðîòèâîëåïðîçíîé àêòèâ-
íîñòüþ [4]), êîòîðûå âûñåâàëè íà ðÿä ñåðèéíûõ ðàçâå-
äåíèé ïðåïàðàòà â æèäêîé ïèòàòåëüíîé ñðåäå Øêîëü-
íèêîâîé ñ äîáàâëåíèåì 10% áû÷üåé ñûâîðîòêè è 20
åä/ìë ïåíèöèëëèíà. Ïðåïàðàòàìè ñðàâíåíèÿ ñëóæèëè
äàïñîí è èçîíèàçèä.

Èññëåäîâàíèå âêëþ÷àëî ïÿòü ñåðèé ýêñïåðèìåíòîâ.
Ðÿäû ïðîáèðîê, ñîäåðæàùèõ ðàçâåäåíèÿ â äèìåòèëñó-
ëüôîêñèäå êàæäîãî ñîåäèíåíèÿ îò 256 äî 1 ìã3ìë, çà-
ñåâàëè ïî 1 � 106 M. tuberculosis è M. lufu. Ïîñåâû èí-
êóáèðîâàëè â òåðìîñòàòå â òå÷åíèå 12 äíåé ïðè òåìïå-
ðàòóðå 37 °C, èçâëåêàëè èç òåðìîñòàòà. Èç êàæäîé
ïðîáèðêè ïðîèçâîäèëè ïåðåñåâ íà ïëîòíóþ ñðåäó Ëå-
âåíøòåéíà-Éåíñåíà 0,1 ìë îáðàçîâàâøåéñÿ âçâåñè ìè-
êîáàêòåðèé. Ïîñåâû âíîâü èíêóáèðîâàëè â òåðìîñòàòå
ïðè òåìïåðàòóðå 37 °C â òå÷åíèå 12 äíåé è ïîäñ÷èòû-
âàëè êîëè÷åñòâî êîëîíèé, âûðîñøèõ íà êîñÿêå ñðåäû
Ëåâåíøòåéíà-Éåíñåíà.

Ìèíèìàëüíûå èíãèáèðóþùèå êîíöåíòðàöèè
(ÌÈÊ) îïðåäåëÿëè ìåòîäîì ñåðèéíûõ ðàçâåäåíèé, ìè-
íèìàëüíûå áàêòåðèöèäíûå êîíöåíòðàöèè (ÌÁÊ) îöå-
íèâàëè ïî ïîäàâëåíèþ ðîñòà ìèêîáàêòåðèé íà 50% [5].

Îñòðóþ ñóòî÷íóþ òîêñè÷íîñòü (ËÄ50) ñîåäèíåíèé
V – XI îïðåäåëÿëè íà áåëûõ áåñïîðîäíûõ ìûøàõ ìàñ-
ñîé 20 – 25 ã ïðè âíóòðèáðþøèííîì ââåäåíèè â òðåõ
äîçàõ. Ãðóïïû æèâîòíûõ áûëè ñîñòàâëåíû èç øåñòè
îñîáåé, ïðîäîëæèòåëüíîñòü íàáëþäåíèÿ 6 ñóòîê. Ïå-
ðåä îïûòîì æèâîòíûå íàõîäèëèñü â îäèíàêîâûõ óñëî-
âèÿõ êîðìëåíèÿ è ñîäåðæàíèÿ â òå÷åíèå 10 äíåé. Ïðè
îïðåäåëåíèè îñòðîé ñóòî÷íîé òîêñè÷íîñòè äîçà ñîå-
äèíåíèé ñîñòàâëÿëà îò 400 äî 5000 ìã3ìë. ËÄ50 ðàñ-
ñ÷èòûâàëè ïî ìåòîäó Ìèëëåðà è Òåéòíåðà [6].

Ðåçóëüòàòû ïîäâåðãàëè ñòàòèñòè÷åñêîé îáðàáîòêå ñ
èñïîëüçîâàíèåì t-êðèòåðèÿ Ñòüþäåíòà.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Óñòàíîâëåíî, ÷òî áîëüøèíñòâî èçó÷åííûõ êàðáà-
ìàòíûõ ïðîèçâîäíûõ 1,2-îêñàçèíà îáëàäàþò àíòèìè-
êîáàêòåðèàëüíîé àêòèâíîñòüþ, ñîïîñòàâèìîé ñ òàêî-
âîé äàïñîíà è èçîíèàçèäà (òàáë. 2).
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SYNTHESIS AND ANTIMICOBACTERIAL ACTIVITY
OF CARBAMATE DERIVATIVES OF 1,2-OXAZINE
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A series of carbamate derivatives of 1,2-oxazine were obtained by [2+4] cycloaddition of 1,3-dienes to C-nitroso-alkyl-N-arylcarbamates. The antimicobac-
terial activity of the synthesized compounds was studied in vitro with respect to M. Tuberculosis and M. Lufu species in comparison to isoniazid and dapsone.
The activity of the newly synthesized compounds significantly depends on the nature and position of substituents in the oxazine nucleus and weakly depends
on the nature of substituents in the carbamate moiety. Among the compounds tested, the maximum antimicobacterial activity was observed for 4,5-dimet-
hyl-2-( p-methoxycarbonylamino)phenyl-3,6-dihydro-1,2-oxazine.
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