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Ïîèñê ñîåäèíåíèé, çàùèùàþùèõ îðãàíèçì ÷å-
ëîâåêà îò äåéñòâèÿ èîíèçèðóþùåãî èçëó÷åíèÿ, –
îäíà èç àêòóàëüíûõ çàäà÷, ðåøåíèåì êîòîðîé èí-
òåíñèâíî çàíèìàþòñÿ íà êàôåäðå ðàäèîõèìèè õè-
ìè÷åñêîãî ôàêóëüòåòà ÌÃÓ èìåíè Ì.Â.  Ëîìîíî-
ñîâà. Èçâåñòíî, ÷òî îáëó÷åíèå îðãàíèçìà ìëåêî-
ïèòàþùèõ ïðèâîäèò ê îáðàçîâàíèþ â íåì
áîëüøîãî êîëè÷åñòâà ñâîáîäíûõ ðàäèêàëîâ. Èç-
ìåíåíèå óðîâíÿ ñîäåðæàíèÿ â îðãàíàõ è òêàíÿõ
òàêîãî ðàäèêàëà, êàê îêñèä àçîòà (NO⋅), âëå÷åò
çà ñîáîé ïîÿâëåíèå öåëîãî ðÿäà ïàòîëîãè÷åñêèõ
ñîñòîÿíèé – ñåïòè÷åñêîãî øîêà, ýêñòðåìàëüíîé
ãèïîòåíçèè, ñåðäå÷íî-ñîñóäèñòîãî êîëëàïñà è äð.
[1]. Â ïîñëåäíèå ãîäû â ëèòåðàòóðå ïîÿâèëèñü
óáåäèòåëüíûå ñâèäåòåëüñòâà òîãî, ÷òî èíãèáèòî-
ðû ñèíòåçà îêñèäà àçîòà ìîãóò âûñòóïàòü â êà-
÷åñòâå ýôôåêòèâíûõ ðàäèîïðîòåêòîðíûõ ñðåäñòâ
[2, 3] (ìîëåêóëÿðíîé ìèøåíüþ äåéñòâèÿ òàêèõ âå-
ùåñòâ ÿâëÿåòñÿ ôåðìåíò NO-ñèíòàçà).

Ñ 2000 ã. â ëàáîðàòîðèè ðàäèîíóêëèäîâ è ìå÷å-
íûõ ñîåäèíåíèé êàôåäðû ðàäèîõèìèè ñîâìåñòíî ñ
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Â ðàáîòå ïðåäñòàâëåí ñèíòåç ôîêóñèðîâàííîé áèáëèîòåêè ñîåäèíåíèé ñ ïîòåíöèàëüíîé èí-
ãèáèðóþùåé àêòèâíîñòüþ ïî îòíîøåíèþ ê ñèíòàçå îêñèäà àçîòà íà îñíîâå 2-àìèíî-2-òèàçî-
ëèíà è 2-àìèíî-5,6-äèãèäðî-4Í-1,3-òèàçèíà.

Êëþ÷åâûå ñëîâà: ðàäèîïðîòåêòîðû, ìå÷åíûå ñîåäèíåíèÿ, èíãèáèòîðû NO-
ñèíòàçû.

Ìåäèöèíñêèì ðàäèîëîãè÷åñêèì íàó÷íûì öåíòðîì
ÐÀÌÍ è äðóãèìè îðãàíèçàöèÿìè ïðîâîäÿòñÿ ðàáîòû
ïî ñîçäàíèþ õèìè÷åñêèõ âåùåñòâ äëÿ òåðàïèè ýêñò-
ðåìàëüíûõ ñîñòîÿíèé, âûçâàííûõ ðàäèàöèîííûì ïî-
ðàæåíèåì. Â ðàìêàõ ýòèõ èññëåäîâàíèé áûëî ïîêà-
çàíî, ÷òî èçâåñòíûå èíãèáèòîðû NO-ñèíòàçû 2-àìè-
íî-5,6-äèãèäðî-4Í-1,3-òèàçèí è 2-àìèíî-2-òèàçîëèí,
ñòðîåíèå êîòîðûõ ïðåäñòàâëåíî íà ðèñ. 1, ïðîÿâëÿ-
þò çàìåòíûé ðàäèîçàùèòíûé ýôôåêò [4, 5].

Öåëü íàñòîÿùåé ðàáîòû – íàïðàâëåííûé ñèíòåç
ôîêóñèðîâàííîé áèáëèîòåêè âåùåñòâ, ñîñòîÿùåé èç
àíàëîãîâ ñîåäèíåíèé 1 è 2, äëÿ ïîñëåäóþùåé îöåí-
êè èõ ñïîñîáíîñòè âëèÿòü íà âûðàáîòêó îêñèäà àçî-
òà in vivo.

Íàìè áûëè âûáðàíû ÷åòûðå òèïà ìîäèôèêàöèé
áàçîâûõ ñòðóêòóð (ñõåìà 1). Ïåðâûé òèï (3–7)
ïðåäñòàâëÿåò ñîáîé ïðîèçâîäíûå 1, ñîäåðæàùèå
îäèí àëêèëüíûé èëè áåíçèëüíûé çàìåñòèòåëü â àìè-
íîãðóïïå, âòîðîé òèï (8–10) – àöèëüíûå àíàëîãè 1,
òðåòèé òèï (11–13) – ñòðóêòóðíàÿ âàðèàöèÿ ñîåäè-
íåíèé 1 è 2 ñ çàìåíîé àìèíîãðóïïû íà êàðáîíèëü-
íûé ôðàãìåíò, ÷åòâåðòûé òèï (14–18) – àíàëîãè 2,
ñîäåðæàùèå çàìåñòèòåëü â ïîëîæåíèè 5 èëè 2 è 5.

Ñîåäèíåíèÿ 3–6 ñèíòåçèðîâàíû â âèäå ãèäðîáðî-
ìèäîâ ïî ìîäèôèöèðîâàííîé ìåòîäèêå [6] èç
3-áðîìïðîïèëàìèíà è ñîîòâåòñòâóþùèõ èçîòèîöèà-
íàòîâ. Ñòðóêòóðà 7 ïîëó÷åíà öèêëèçàöèåé N-áåíçèë-
N′-3-ìåòîêñèïðîïèëòèîìî÷åâèíû â ïðèñóòñòâèè áðî-
ìèñòîâîäîðîäíîé êèñëîòû. Ñîåäèíåíèÿ 8–10 ñèíòå-
çèðîâàëè, àöèëèðóÿ ãèäðîáðîìèä òèàçèíà 1 àíãèäðè-
äàìè èëè õëîðàíãèäðèäàìè êèñëîò [7].

*Èíñòèòóò ôèçèîëîãè÷åñêè àêòèâíûõ âåùåñòâ Ðîññèéñêîé Àêàäåìèè íàóê, Ìîñêîâñêàÿ îáëàñòü, ã. ×åðíîãîëîâêà; **Ãîñóäàðñòâåííîå
ó÷ðåæäåíèå Ìåäèöèíñêèé ðàäèîëîãè÷åñêèé íàó÷íûé öåíòð Ðîññèéñêîé Àêàäåìèè ìåäèöèíñêèõ íàóê, ã. Îáíèíñê.

Ðèñ. 1. 2-àìèíî-5,6-äèãèäðî-4Í-1,3-òèàçèí (1) è
2-àìèíî-2-òèàçîëèí (2)
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Äëÿ ïîëó÷åíèÿ îêñîïðîèçâîäíûõ òèàçèíà è òèàçî-
ëèäèíà (11–13) íàìè áûë ðàçðàáîòàí óäîáíûé ìå-
òîä, çàêëþ÷àþùèéñÿ â íàãðåâàíèè ñîîòâåòñòâóþùèõ
2-àìèíîòèàçèíà èëè 2-àìèíîòèàçîëèíîâ â âîäå â
ïðèñóòñòâèè èçáûòêà K2S2O5 (ñõåìà 2, R=H, CH3;
n = 1, 2). Óêàçàííûå àìèíîïðîèçâîäíûå ÿâëÿþòñÿ
äîñòóïíûìè ñîåäèíåíèÿìè è ìîãóò áûòü ïîëó÷åíû

èç áðîìàëêèëàìèíîâ è òèîìî÷åâèíû. Ïðåäëîæåííûé
ìåòîä ïåðåâîäà àìèíîïðîèçâîäíûõ â îêñîïðîèçâîä-
íûå îòëè÷àåòñÿ ïðîñòîòîé ïðîâåäåíèÿ ýêñïåðèìåíòà
è äîñòàòî÷íî âûñîêèìè âûõîäàìè êîíå÷íûõ âå-
ùåñòâ.Òèàçîëèíîâîå ïðîèçâîäíîå 14 áûëî ïîëó÷åíî
ãèäðîëèçîì 2-àìèíî-5-áðîììåòèë-2-òèàçîëèíà â ïðè-
ñóòñòâèè îêñèäà ñâèíöà [8]. Àöèëèðîâàíèå 14 àí-

Ñ õ å ì à  1

Ôîêóñèðîâàííàÿ áèáëèîòåêà ïîòåíöèàëüíûõ èíãèáèòîðîâ NO-ñèíòàçû

Ñ õ å ì à  2

Ðåàêöèÿ ñèíòåçà ñîåäèíåíèé 11–13
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ãèäðèäàìè óêñóñíîé, ïðîïèîíîâîé è èçîìàñëÿíîé
êèñëîò ïðèâåëî ê îáðàçîâàíèþ N,Î-äèàöèëüíûõ ïðî-
èçâîäíûõ 16, 17, 18 ñîîòâåòñòâåííî. Ïðîäóêò 15,
ïîëó÷åííûé â ðåçóëüòàòå ìîíîàöåòèëèðîâàíèÿ 14 ïî
ãèäðîêñèëüíîé ãðóïïå Î-àöåòàò, óäàëîñü âûäåëèòü
òîëüêî â ñëó÷àå âçàèìîäåéñòâèÿ ñ óêñóñíûì àíãèä-
ðèäîì (îòìåòèì, ÷òî ñîåäèíåíèå 15 ìîæåò áûòü
òàêæå ïîëó÷åíî îáðàáîòêîé òèàçîëèíà 14 õëîðàí-
ãèäðèäîì óêñóñíîé êèñëîòû).

Ñòðîåíèå âñåõ ïîëó÷åííûõ â ðàáîòå, â òîì ÷èñëå
íå îïèñàííûõ ðàíåå, âåùåñòâ áûëî ïîäòâåðæäåíî
ìåòîäîì ýëåìåíòíîãî àíàëèçà è ßÌÐ-ñïåêòðîñêî-
ïèè, à äëÿ ñîåäèíåíèÿ 18 – ìåòîäîì ðåíòãåíî-
ñòðóêòóðíîãî àíàëèçà (ðèñ. 2, 3).

Äëÿ ñèíòåçèðîâàííûõ ñîåäèíåíèé 3–18 áûëè ïðî-
âåäåíû èñïûòàíèÿ ïî îöåíêå èõ âëèÿíèÿ íà âûðà-

áîòêó îêñèäà àçîòà (NO⋅⋅⋅⋅⋅) â ïå÷åíè ìûøåé. Ðåçóëü-
òàòû ýòèõ èñïûòàíèé ïðåäñòàâëåíû â òàáëèöå. Àê-
òèâíîñòü ñîåäèíåíèÿ âûðàæåíà â âèäå îòíîøåíèÿ
ñîäåðæàíèÿ NO⋅⋅⋅⋅⋅ â ïå÷åíè æèâîòíûõ, îáðàáîòàííûõ
ëèïîïîëèñàõàðèäîì (LPS) è èñïûòûâàåìûì âåùå-
ñòâîì, ê ñîäåðæàíèþ NO⋅⋅⋅⋅⋅ â ïå÷åíè æèâîòíûõ, îá-
ðàáîòàííûõ òîëüêî LPS (â %).

Êàê âèäíî èç òàáëèöû, ñòåïåíü âëèÿíèÿ èçó÷åí-
íûõ ñîåäèíåíèé íà âûðàáîòêó îêñèäà àçîòà (NO) â
ïå÷åíè ìûøåé âàðüèðóåòñÿ â øèðîêèõ ïðåäåëàõ.
Ýòî âëèÿíèå íåâåëèêî äëÿ ñòðóêòóð 4, 6, 12, 13, 17
è ÿðêî âûðàæåíî â ñëó÷àå ñîåäèíåíèé 8–10, îòíî-
ñÿùèõñÿ ê òèïó 2.

Äîïîëíèòåëüíîå èññëåäîâàíèå ôèçèîëîãè÷åñêîé
àêòèâíîñòè òèàçèíîâ 8–10 ïîêàçàëî, ÷òî âñå îíè
îáëàäàþò àíòèãèïîòåíçèâíûì äåéñòâèåì è ñïîñîá-
íû ýôôåêòèâíî íèâåëèðîâàòü âûçâàííîå ñåïòè÷åñ-
êèì øîêîì êðèòè÷åñêîå ñíèæåíèå àðòåðèàëüíîãî

Ðèñ. 2. Îáùèé âèä ìîëåêóëû 18

Ðèñ. 3. Ôðàãìåíòû óïàêîâêè ìîëåêóë òèàçîëèíà 18

Ðåçóëüòàòû èñïûòàíèé NO-èíãèáèðóþùåé àêòèâíîñòè
ñîåäèíåíèé 3–18 â îïûòàõ íà ìûøàõ ïðè âíóòðèáðþøèííîì

ñïîñîáå ââåäåíèÿ

Íîìåð ñòðóêòóðû Äîçà, ììîль/êã % îò LPS 

3 0,1 32 

4 0,1 54 

5 0,1 38 

6 0,1 50 

7 0,1 7 

8 0,03 4 

9 0,03 4 

10 0,01 2 

11 0,1 37 

12 0,1 90 

13 0,1 58 

14 0,1 12 

15 0,1 9 

16 0,1 25 

17 0,1 73 

18 0,1 25 
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äàâëåíèÿ áåç âîçíèêíîâåíèÿ âòîðè÷íîé ãèïîòåíçèè,
ïðè÷åì äëÿ ñîåäèíåíèÿ 8 ýòîò ýôôåêò íàèáîëåå
âûðàæåí è ïðîäîëæèòåëåí. Âàæíî ïîä÷åðêíóòü,
÷òî àöåòèëèðîâàííûé òèàçèí 8, êàê ïîêàçàíî íàìè
â ðàáîòå [7], ñêîðåå âñåãî ÿâëÿåòñÿ ïðîëåêàðñòâîì
òèàçèíà 1, à åãî ïðîëîíãèðîâàííîå äåéñòâèå, ïî-âè-
äèìîìó, ñâÿçàíî ñ åãî áîëåå âûñîêîé ëèïîôèëüíîñ-
òüþ ïî ñðàâíåíèþ ñî ñòðóêòóðîé 1. Êîìïëåêñ èñ-
ïûòàíèé ñîåäèíåíèÿ 8 íà ýêñïåðèìåíòàëüíûõ æè-
âîòíûõ [9] ïîêàçàë âîçìîæíîñòü åãî ïðèìåíåíèÿ
ïðè ëå÷åíèè îñòðûõ è õðîíè÷åñêèõ ãèïîòåíçèâíûõ
ñîñòîÿíèé, â òîì ÷èñëå âûçâàííûõ ðàäèàöèîííûì
ïîðàæåíèåì.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í ðåãèñòðèðîâàëè íà ñïåêòðîìåò-
ðå “Bruker CXP-200” (200 ÌÃö) â ðàñòâîðå
ÄÌÑÎ-d6-CÑl4 (1:4), âíóòðåííèé ñòàíäàðò ÒÌÑ.
Êîíòðîëü õîäà ðåàêöèé è èíäèâèäóàëüíîñòè ïîëó-
÷åííûõ ñîåäèíåíèé îñóùåñòâëÿëè ìåòîäîì òîíêî-
ñëîéíîé õðîìàòîãðàôèè íà ïëàñòèíêàõ “Silufol UV
254” â ñèñòåìå ðàñòâîðèòåëåé áóòàíîë–àöåòîí–ìó-
ðàâüèíàÿ êèñëîòà (1:1:1).

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 5
(ïëàñòèí÷àòûå êðèñòàëëû, ïîëó÷åííûå èç ýòèëîâîãî
ñïèðòà) ïðè òåìïåðàòóðå 293 Ê: a = 6,6410(10), b =
9,111(2), c = 14,256(3) �, a = 90, b = 91.16(3), γ =
90 ãðàä, V = 862,4(3) �3, dâû÷ = 1,360ã/ñì3, Ð2(1),
Z = 2. Ñúåìêà ïðîâåäåíà íà àâòîìàòè÷åñêîì äèô-
ðàêòîìåòðå “Enraf-Nonius CAD-4” ìåòîäîì Q/2Q-
ñêàíèðîâàíèÿ ñ èñïîëüçîâàíèåì CuKα-èçëó÷åíèÿ ñ
λ = 1,54180 �. Èíòåíñèâíîñòü òðåõ ñòàíäàðòíûõ
îòðàæåíèé, èçìåðÿåìàÿ êàæäûå 60 ìèí, îñòàâàëàñü
ñòàáèëüíîé â ïðåäåëàõ 0,6%. Ââåäåíà ïîïðàâêà íà
ïîãëîùåíèå ðåíòãåíîâñêèõ ëó÷åé îáðàçöîì, êîýôôè-
öèåíò ïîãëîùåíèÿ 4,434 ìì–1. Îáðàáîòêà ýêñïåðè-
ìåíòàëüíûõ äàííûõ è ïîñëåäóþùèå ðàñ÷åòû âû-
ïîëíåíû ïî ïðîãðàììå SHELXT [10]. Â ðàñ÷åòå èñ-
ïîëüçîâàíî 1565 îòðàæåíèé ñ I > 2 σ (I). Ñòðóêòóðà
ðàñøèôðîâàíà ïðÿìûì ìåòîäîì è óòî÷íåíà ÌÍÊ â
ïîëíîìàòðè÷íîì àíèçîòðîïíîì ïðèáëèæåíèè äëÿ íå-
âîäîðîäíûõ àòîìîâ. Âñå àòîìû âîäîðîäà âêëþ÷åíû
â óòî÷íåíèå ñ ôèêñèðîâàííûìè ïàðàìåòðàìè â
èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíîå çíà÷åíèå
ôàêòîðà ðàñõîäèìîñòè R = 0,032.

2-Ýòèëàìèíî-5,6-äèãèäðî-4H-1,3-òèàçèí
ãèäðîáðîìèä (3): Â 3 ìë âîäû ðàñòâîðèëè 1,1 ã
(5 ììîëü) 3-áðîìïðîïèëàìèíà ãèäðîáðîìèäà è
ïðè ïåðåìåøèâàíèè äîáàâèëè 0,2 ã (5 ììîëü)

NaOH. Ðåàêöèîííóþ ñìåñü îáðàáîòàëè ýôèðîì
(25 ìë×2), ýôèðíûå âûòÿæêè âûñóøèëè MgSO4.
Ê ïîëó÷åííîìó ýêñòðàêòó ïðè ïåðåìåøèâàíèè äî-
áàâèëè 0,44 ã (5 ììîëü) ýòèëèçîòèîöèàíàòà è êè-
ïÿòèëè â òå÷åíèå 4 ÷. Âûïàâøèé ïðè îõëàæäåíèè
îñàäîê îòôèëüòðîâûâàëè. Âûäåëåíî 0,56 ã ñîåäè-
íåíèÿ 3 â âèäå áåëûõ êðèñòàëëîâ, âûõîä: 74%,
Òïë = 109–110°Ñ. Íàéäåíî, %: Ñ 32.26, 32.12; H
5.87, 5.92; N 12.53, 12.62. Ñ6H13BrN2S. Âû÷èñëå-
íî, %: C 32.01; H 5.82; N 12.44. Ñïåêòð ßÌÐ 1Í
(d, ì.ä.): 1,23 (ò., J = 7.4, 3Í, CH3,); 2,12 (ì., 2Í,
CH2); 3,32 (ì., 4Í, CH2S+CH2N àöèêëè÷åñêîå);
3,52 (ò., J = 5.6, 2Í, CH2N,); 9,41 (ø. ñ., 1Í, NH);
9,82 (ø. ñ., 1Í, NH).

2-Ïðîïèëàìèíî-5,6-äèãèäðî-4H-1,3-òèàçèí
ãèäðîáðîìèä (4) ïîëó÷àëè àíàëîãè÷íî 3. Âûõîä:
65%, Òïë = 127–129°Ñ. Íàéäåíî, %: Ñ 35.19, 35.28;
H 6.27, 6.44; N 11.69, 11.82. Ñ7H15BrN2S. Âû÷èñëå-
íî, %: C 35.15; H 6.32; N 11.71. Ñïåêòð ßÌÐ 1Í (d,
ì.ä.): 1,03 (ò., J = 7.4, 3H, CH3), 1,65 (ì., J = 7.4,
2H, CH2-àöèêëè÷.), 2,20 (ì., 2H, CH2), 3,30 (ò., 4Í,
CH2S+CH2N – àöèêëè÷.), 3,57 (ò., J = 5.6, 2H,
CH2N), 9,4 (ø. ñ., 1H, NH), 9,9 (ø. ñ., 1H, NH).

2-Èçîïðîïèëàìèíî-5,6-äèãèäðî-4H-1,3-òèàçèí
ãèäðîáðîìèä (5) ïîëó÷àëè àíàëîãè÷íî 3. Âûõîä:
53%, Òïë = 90–92°Ñ. Íàéäåíî, %: Ñ 35.12, 35.34; H
6.56, 6.41; N 11.84, 11.68. Ñ7H15BrN2S. Âû÷èñëåíî,
%: C 35.15; H 6.32; N 11.71. Ñïåêòð ßÌÐ 1Í (d,
ì.ä.): 1,28 (d., J = 6.3, 6H, CH3), 2,18 (ì., 2H, CH2),
3,28 (ò., J = 5.6, 2H, CH2S), 3,56 (ò., J = 5.6, 2H,
CH2N), 4,14 (ø.ñ., 1Í, ÑÍ), 9,34 (ø. ñ., 1H, NH),
9,85 (ø. ñ., 1H, NH).

2-Öèêëîïðîïèëàìèíî-5,6-äèãèäðî-4H-1,3-òè-
àçèí ãèäðîáðîìèä (6) ïîëó÷àëè àíàëîãè÷íî 3.
Âûõîä: 91%, Òïë = 154–155°Ñ. Íàéäåíî, %: Ñ 35.24,
35.38; H 5.49, 5.62; N 11.77, 11.92. Ñ7H13BrN2S. Âû-
÷èñëåíî, %: C 35.45; H 5.53; N 11.81. Ñïåêòð ßÌÐ
1Í (d, ì.ä.): 0,78 (ì., 4H, CH2), 2,14 (ì., 2H, CH2),
2,72 (ø. ñ. 1Í, ÑÍ), 3,22 (ò., J = 5.6, 2H, CH2S),
3,52 (ò., J = 5.6, 2H, CH2N), 9,75 (ø. ñ., 1H, NH),
9,90 (ø. ñ., 1H, NH).

2-Áåíçèëàìèíî-5,6-äèãèäðî-4H-1,3-òèàçèí
ãèäðîáðîìèä (7). Ðàñòâîð 0,72 ã (3,0 ììîëü) N-
áåíçèë-N′-3-ìåòîêñèïðîïèëòèîìî÷åâèíû â èçîïðîïè-
ëîâîì ñïèðòå íàãðåâàëè â òå÷åíèå 10 äíåé â ïðè-
ñóòñòâèè 0,55 ìë (4,57 ììîëü) 46%-ãî HBr. Âûïàâ-
øèå êðèñòàëëû îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçî-
âûâàëè èç èçîïðîïèëîâîãî ñïèðòà. Âûõîä 0,57 ã
(66%). Òïë = 132–133° Ñ. Íàéäåíî, %: Ñ, 45.91; H,
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5.54; N, 9.45. C11H14N2S HBr. Âû÷èñëåíî, %: C,
46.00; H, 5.26; N, 9.75. Ñïåêòð ßÌÐ 1Í (d, ì.ä.):
2,25 (2H, ì, CH2), 3,25 (2H, ò, CH2), 3,90 (2H, ò,
CH2), 4,90 (2H, ä, NCH2), 7,15-7,40 (5H, ì, Hàðîì),
10,85 (1H, ò, NH).

2-Àöåòèëàìèíî-5,6-äèãèäðî-4Í-1,3-òèàçèí
ãèäðîáðîìèä (8) ïîëó÷àëè ïî ìåòîäó [7]. Âûõîä
82%. Òïë = 193–194°Ñ (ëèò. 192–194°Ñ [7]).

2-Ïðîïèîíèëàìèíî-5,6-äèãèäðî-4Í-1,3-òèà-
çèí ãèäðîáðîìèä (9) ïîëó÷àëè àíàëîãè÷íî (8) èç
0,7 ã (3,6 ììîëü) 2-àìèíîòèàçèíà ãèäðîáðîìèäà è
5 ìë (39 ììîëü) ïðîïèîíîâîãî àíãèäðèäà ïðè 90°Ñ.
Ïîëó÷èëè 0,5 ã (56%) âåùåñòâà. Òïë = 130–132°Ñ.
Íàéäåíî, %: Ñ 33.08, 33.24; H 5.28, 5.32; N 11.03,
11.18. Ñ7H13BrN2ÎS. Âû÷èñëåíî, %: C 33.21; H
5.18; N 11.07. Ñïåêòð ßÌÐ 1Í (d, ì.ä.): 1,15 (ò, J
= 7.0, 3H, CH3), 2,17 (ì, 2H, CH2), 2,58 (ê, J = 7.0,
2H, CH2-àöèêëè÷.), 3,40 (ò, J = 5.6, 2H, CH2S), 3,73
(ò, J = 5.6, 2H, CH2N), 11,92 (ø. ñ, 2H, NH).

2-Áåíçîèëàìèíî-5,6-äèãèäðî-4Í-1,3-òèàçèí
ãèäðîáðîìèä (10) ïîëó÷àëè ïî ìåòîäó [7]. Âûõîä
84 %. Òïë = 222–223°Ñ (ëèò. 220–223°Ñ [7]).

1,3-Òèàçèíàí-2-oí (11). Â 30 ìë âîäû ðàñòâî-
ðèëè 1,37 ã (7 ììîëü) 2-àìèíîòèàçèíà ãèäðîáðîìèäà
è 7,72 ã (35 ììîëü) K2S2O5 è íàãðåâàëè 2 ÷. Ýêñò-
ðàãèðîâàëè õëîðîôîðìîì (3×50 ìë), ñóøèëè MgSO4,
ðàñòâîðèòåëü óïàðèâàëè. Âûõîä 68% (áåëûå êðèñ-
òàëëû ñ Òïë = 90–91°Ñ (ëèò. 85-88°Ñ [11])). Íàéäå-
íî, %:Ñ 41.16, 41.28; H 6.09, 6.23; N 11.98, 12.09.
Ñ4H7NOS. Âû÷èñëåíî, %: C 41.00; H 6.02; N 11.95.
Ñïåêòð ßÌÐ 1Í (d, ì.ä.): 2,05 (ì., 2H, CH2), 3,04
(ò., 2H, J = 5.9, CH2S), 3,33 (ì., 2H, CH2N), 7,92 (ø.
ñ., 1H, NH).

1,3-Òèàçîëèäèí-2-oí (12) ïîëó÷àëè àíàëîãè÷íî
11. Âûõîä 86%, Òïë = 48–49°Ñ (ëèò. 47–49°Ñ [11]).
Íàéäåíî, %:Ñ 35.06, 35.14; H 4.93, 4.99; N 13.67,
13.72. Ñ3H5NOS. Âû÷èñëåíî, %: C 34.94; H 4.89; N
13.58. Ñïåêòð ßÌÐ 1Í (d, ì.ä.): 3,32 (ò., 2H, J =
7.0, CH2S), 3,54 (ò., 2H, J = 7.0, CH2N), 7,82 (ø. ñ.,
1H, NH).

5-Ìåòèë-1,3-òèàçîëèäèí-2-oí (13) ïîëó÷àëè
àíàëîãè÷íî 11. Âûõîä 75%, Òïë = 34–36°Ñ. Íàéäåíî,
%:Ñ 41.12, 41.23; H 6.08, 6.16; N 11.83, 12.07.
Ñ4H7NOS. Âû÷èñëåíî, %: C 41.00; H 6.02; N 11.95.
Ñïåêòð ßÌÐ 1Í (d, ì.ä.): 1,44 (ä., 3H, J=6.8, CH3),
3,14 (ä.ä., 2J = 10.0, 3J = 6.7, 1H, CH2N), 3,63 (ä.ä.,
2J = 10.0, 3J = 6.8, 1H, CH2N), 3,84 (ì., 1Í, CHS),
7,73 (ø. ñ., 1H, NH). Ñïåêòð ßÌÐ 13Ñ (ÄÌÑÎ-d6-
CCI4(1:4), d, ì.ä.): 21,70 (CH3), 41.63 (CHS), 50.91
(CH2N), 96.58 (C=O).

2-Àìèíî-5-ãèäðîêñèìåòèë-2-òèàçîëèí ãèäðî-
áðîìèä (14) ïîëó÷àëè ïî ìåòîäó [8]. Âûõîä 92%.
Òïë = 85–86°Ñ (ëèò. 86°Ñ [8]).

2-Àìèíî-5-àöåòèëîêñèìåòèë-2-òèàçîëèí ãèä-
ðîáðîìèä (15) ïîëó÷àëè äâóìÿ ìåòîäàìè (À è Á).
Ìåòîä À: 0,4 ã (2 ììîëü) ñîåäèíåíèÿ 14 íàãðåâàëè
20 ìèí ïðè 60°Ñ ïðè èíòåíñèâíîì ïåðåìåøèâàíèè â
6 ìë óêñóñíîãî àíãèäðèäà. Ïîëó÷åííîå ìàñëî êðèñ-
òàëëèçóåòñÿ ïðè äîáàâëåíèè àöåòîíà. Âûõîä 0,44 ã
(91%), Òïë = 124–125°Ñ.

Ìåòîä Á: 0,4 ã (2 ììîëü) ñîåäèíåíèÿ 14 â 5 ìë
áåíçîëà è 0,6 ìë (6 ììîëü) õëîðàíãèäðèäà óêñóñíîé
êèñëîòû ïðè ïåðåìåøèâàíèè íàãðåâàëè 2,5 ÷ ïðè
50°Ñ. Îòôèëüòðîâûâàëè îáðàçîâàâøèéñÿ îñàäîê.
Âûõîä 0,35 ã (72%), Òïë = 123–125°Ñ. Ñïåêòð ßÌÐ
1Í (d, ì.ä.): 3.81 (1Í, ä.ä, 2J = 11.9, 3J = 3.5, ÑÍN);
3.95 (1Í, ä.ä, 2J = 11.9, 3J = 7.2, ÑÍN); 4.31 (3Í, ì,
ÑÍ2Î-ÑÍ); 9.23 (1Í, óø.ñ, NH); 9.62 (1Í, óø.ñ,
NH); 9.71 (1Í, óø.ñ, NH). Íàéäåíî, %: Ñ 28.03; Í
4.22; N 11.07. Ñ6H11BrN2Î2S. Âû÷èñëåíî, %:
Ñ 28.25, Í 4.35; N 10.98.

2-Àöåòèëàìèíî-5-àöåòèëîêñèìåòèë-2-òèàçî-
ëèí ãèäðîáðîìèä (16) ïîëó÷àëè ïî ìåòîäó À (äëÿ
ñîåäèíåíèÿ 15) ïðè íàãðåâàíèè 2,5 ÷. Âûõîä 74%,
Òïë = 188–189°Ñ. Ñïåêòð ßÌÐ 1Í (d, ì.ä.): 2.05 (3Í,
ñ, ÑÍ3); 2.25 (3Í, ñ, ÑÍ3); 3.52-5.03 (1Í, óø. ñ, NH);
4.05 (2Í, ì, CH2N); 4.22 (3Í, ì, CH2O-CH). Íàéäå-
íî, %: Ñ 32.42; Í 4.58; N 9.62. Ñ8H13BrN2Î3S. Âû-
÷èñëåíî, %: Ñ 32.33, Í 4.41;  N 9.43.

2-Ïðîïèîíèëàìèíî-5-ïðîïèîíèëîêñèìåòèë-
2-òèàçîëèí ãèäðîáðîìèä (17) ïîëó÷àëè àíàëî-
ãè÷íî 16. Âûõîä 65%, Òïë = 131–132°Ñ. Ñïåêòð
ßÌÐ 1Í (d, ì.ä.): 1.12 (6Í, ì, ÑÍ3); 2.35 (2Í, ê, J
= 7.0, ÑÍ2-ÑÍ3); 2.50 (2Í, ê, J = 7.0, ÑÍ2-ÑÍ3);
3.71 (1Í, óø ñ, NH); 4.03 (2Í, ì, ÑÍ2N); 4.21 (3Í,
ì, ÑÍ2Î+ÑÍ). Íàéäåíî, %: Ñ 36.96; 5.29; N 8.79.
Ñ10H17BrN2Î3S. Âû÷èñëåíî, %: Ñ 36.93, Í 5.27;
N 8.61.

2-Èçîáóòàíîèëàìèíî-5-èçîáóòàíîèëîêñèìåòèë-
2-òèàçîëèí ãèäðîáðîìèä (18) ïîëó÷àëè àíàëîãè÷íî
16. Âûõîä 80%, Òïë = 138–139°Ñ. Ñïåêòð ßÌÐ 1Í (d,
ì.ä.): 4.25 (3Í, ì, ÑÍ2Î–ÑÍ); 4.12 (2Í, ì, ÑÍ2N);
3.74 (1Í, óø ñ, NH); 1.13 (12Í, ì, ÑÍ3). Íàéäåíî, %:
Ñ 40.95; Í 5.78; N 7.74. Ñ12H21BrN2Î3S. Âû÷èñëåíî,
%: Ñ 40.80, Í 5.99; N 7.93.

Òåñòèðîâàíèå in vivo. Ýêñïåðèìåíòû áûëè
ïðîâåäåíû in vivo íà ãðóïïàõ æèâîòíûõ (áåëûå
áåñïîðîäíûå ìûøè, ìàññà 25–30 ã). Çà 4 ÷ äî ýâ-
òàíàçèè êàê òåñòèðóåìîé, òàê è êîíòðîëüíîé ãðóï-
ïàì æèâîòíûõ èíúåöèðîâàëè ëèïîïîëèñàõàðèä
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SYNTHESIS OF POTENTIAL RADIOPROTECTORS ON THE BASIS OF
CYCLIC ISOTHIOUREA DERIVATIVES

T.P. Trofimova, O.N. Zefirova, A.A. Mandrugin, Ya.I. Lys, A.N. Pushin, A.N. Proshin,
S.Ya. Proscuryakov, V.M. Fedoseev
(Division of radiochemistry, division of physical chemistry)

The present work deals with the synthesis of sixteen compounds with putative inhibiting activity
towards NO-synthase on the basis of 2-amino-2-thiazoline and 2-amino-5,6-dihydro-4Í-1,3-
thiazine.

Key words: radioprotectors, radiolabeled compounds, NO synthase inhibitors.
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Ïîñòóïèëà â ðåäàêöèþ 12.01.09

E. coli (LPS, 1,5 ìã/êã). Çà 1 ÷ äî ýâòàíàçèè îäíà
ãðóïïà æèâîòíûõ ïîëó÷àëà èññëåäóåìûå âåùåñòâà
îïðåäåëåííîé êîíöåíòðàöèè â âèäå âíóòðèáðþøèí-
íîé èíúåêöèè (0,5 ìë) â ôèçèîëîãè÷åñêîì ðàñòâîðå
èëè â 3%-ì ðàñòâîðå êðàõìàëüíîãî ãåëÿ. Êîíò-
ðîëüíûå æèâîòíûå ïîäîáíûì îáðàçîì ïîëó÷àëè
òîëüêî èíúåêöèè ôèçèîëîãè÷åñêîãî ðàñòâîðà. Ïðî-

äóêöèþ NO. â îáðàçöàõ ïå÷åíè îïðåäåëÿëè ìîäè-
ôèöèðîâàííûì ìåòîäîì À.Ô. Âàíèíà [12]. Àêòèâ-
íîñòü ñîåäèíåíèÿ âûðàæàëè â âèäå îòíîøåíèÿ ñî-
äåðæàíèÿ NO⋅⋅⋅⋅⋅ â ïå÷åíè æèâîòíûõ, îáðàáîòàííûõ
LPS è èñïûòûâàåìûì ïðåïàðàòîì, ê ñîäåðæàíèþ
NO⋅⋅⋅⋅⋅ â æèâîòíûõ, îáðàáîòàííûõ òîëüêî LPS (%).
Äîñòîâåðíîñòü îòëè÷èÿ îò êîíòðîëÿ p < 0,05.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ïðîåêò ¹ 08-03-00929).
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