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 Â ðàìêàõ èññëåäîâàíèé ïî ðàçðàáîòêå ñïîñîáîâ
ñèíòåçà ïèððîëîõèíîëèíîâ − ïîòåíöèàëüíûõ áèîëîãè-
÷åñêè àêòèâíûõ âåùåñòâ, ìû ðàíåå èçó÷àëè ïîâåäå-
íèå áîëüøîé ñåðèè çàìåùåííûõ 5-, 6-, 7-àìèíîèíäî-
ëîâ â ðåàêöèè ñ β-äèêàðáîíèëüíûìè ñîåäèíåíèÿìè
(β-êåòîýôèðàìè è β-äèêåòîíàìè) [1, 2]. Â ðÿäó
4-àìèíîèíäîëîâ â ýòèõ ðåàêöèÿõ áûëè èññëåäîâàíû
ëèøü 4-àìèíî-2,3-äèìåòèë- è 4-àìèíî-1,2,3-òðèìåòèë-
èíäîëû [3]. Íà íàø âçãëÿä, ïðåäñòàâëÿåò èíòåðåñ
èçó÷åíèå ïîâåäåíèÿ íå çàìåùåííûõ ïî β-ïîëîæåíèþ
4-àìèíîèíäîëîâ ñ äèêåòîíàìè êàê â ðåàêöèè ïåðâè÷-
íîé êîíäåíñàöèè, òàê è äàëüíåéøåé öèêëèçàöèè. Â êà-
÷åñòâå ìîäåëüíûõ ñòðóêòóð ìû èñïîëüçîâàëè 4-àìè-
íî-2-ôåíèë- è 4-àìèíî-1-ìåòèë-2-ôåíèëèíäîëû (3, 4).
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Óñòàíîâëåíî, ÷òî ïåðâè÷íàÿ êîíäåíñàöèÿ 4-àìèíî-2-ôåíèë- è 4-àìèíî-1-ìåòèë-2-ôåíèëèí-
äîëîâ ñî ñâîáîäíûì βββββ-ïîëîæåíèåì ïèððîëüíîãî öèêëà ñ àöåòèëàöåòîíîì è äèáåíçîèëìåòà-
íîì ðåàëèçóåòñÿ èñêëþ÷èòåëüíî çà ñ÷åò àìèíîãðóïïû è ïðèâîäèò ê ñîîòâåòñòâóþùèì åíà-
ìèíîêåòîíàì, êîòîðûå â óñëîâèÿõ êèñëîòíîé öèêëèçàöèè ïðåâðàùàþòñÿ â ïèððîëî[2,3-
h]õèíîëèíû. Ïðîäóêòîâ çàìûêàíèÿ öèêëà ñ ó÷àñòèåì ïîëîæåíèÿ 3 èíäîëà íå îáíàðóæåíî.

Êëþ÷åâûå ñëîâà: 4-àìèíî-2-ôåíèë- è 4-àìèíî-1-ìåòèë-2-ôåíèëèíäîëû, àöåòèëà-
öåòîí, äèáåíçîèëìåòàí, ïèððîëî[2,3-h]õèíîëèí.

Â êà÷åñòâå èñõîäíûõ ñîåäèíåíèé äëÿ ñèíòåçà àìè-
íîèíäîëîâ 3, 4 ìû èñïîëüçîâàëè ñîîòâåòñòâóþùèå
íèòðîñîåäèíåíèÿ 1, 2. 4-Íèòðî-2-ôåíèëèíäîë (1) ïî-
ëó÷åí ïî ìîäèôèöèðîâàííîé íàìè ìåòîäèêå, ïðåäëî-
æåííîé àâòîðàìè ðàáîòû [4]. Èçìåíåíèå ïðèåìîâ
âûäåëåíèÿ è î÷èñòêè ïîçâîëèëî óâåëè÷èòü âûõîä öå-
ëåâîãî ñîåäèíåíèÿ (ñõåìà 1). Êîíñòàíòû ïîëó÷åííîãî
èçâåñòíîãî 4-íèòðî-2-ôåíèëèíäîëà (1) õîðîøî ñîãëàñó-
þòñÿ ñ ëèòåðàòóðíûìè äàííûìè [4], à ôèçèêî-õèìè-
÷åñêèå õàðàêòåðèñòèêè íåîïèñàííûõ ñîåäèíåíèé 2−−−−−
10, êîòîðûå ðàññìàòðèâàþòñÿ äàëåå, ïðèâåäåíû â
òàáë. 1.

Ìåòèëèðîâàíèå èíäîëà 1 äèìåòèëñóëüôàòîì, à òàê-
æå äàëüíåéøåå âîññòàíîâëåíèå ñîåäèíåíèé 1, 2 â

* Ãîñóäàðñòâåííîå îáðàçîâàòåëüíîå ó÷ðåæäåíèå âûñøåãî ïðîôåññèîíàëüíîãî îáðàçîâàíèÿ – Ìîðäîâñêèé ãîñóäàðñòâåííûé ïåäàãîãè-
÷åñêèé èíñòèòóò èìåíè Ì.Å. Åâñåâüåâà.
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ñîîòâåòñòâóþùèå àìèíîèíäîëû 3, 4 ïðîâåäåíî ñî-
ãëàñíî èçâåñòíûì ìåòîäèêàì [5].

Â ñïåêòðå ßÌÐ 1Í íå îïèñàííîãî â ëèòåðàòóðå
íèòðîèíäîëà 2 íàáëþäàþòñÿ ñèíãëåòíûå ñèãíàëû ïðî-
òîíîâ ãðóïï 1-CH3 è Í-3, äâà äóáëåòíûõ ñèãíàëà ïðî-
òîíîâ Í-7, Í-5, îäíîãî òðèïëåòíîãî ñèãíàëà ïðîòîíà
Í-6 è ÀÂÑ-ñèñòåìà ïÿòè ïðîòîíîâ ôåíèëüíîãî çàìå-
ñòèòåëÿ â ïîëîæåíèè 2. Ñïåêòðàëüíûå õàðàêòåðèñòè-
êè íèòðîèíäîëà 2 ïðèâåäåíû â òàáë. 2.

Â ìàññ-ñïåêòðå ñîåäèíåíèÿ 2, êðîìå èíòåíñèâíîãî
ïèêà ìîëåêóëÿðíîãî èîíà Ì+ (76%), èìåþòñÿ îñíîâ-
íûå õàðàêòåðèñòè÷åñêèå äëÿ àðîìàòè÷åñêèõ íèòðîñî-
åäèíåíèé [6, 7] ïèêè èîíîâ* [M−NO2]

+ 206 (57%),
[M−NO]+ 222 (28%) è [M−NO−OH]+ 205 (38%).

Ò à á ë è ö à  1

Ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòèêè ñîåäèíåíèé 2-10

Â ñïåêòðå èìååòñÿ òàêæå ðÿä ìàëîèíôîðìàòèâíûõ
ôðàãìåíòîâ, õàðàêòåðèçóþùèõ åãî êàê àðîìàòè÷åñêîå
àçîòñîäåðæàùåå ãåòåðîöèêëè÷åñêîå ñîåäèíåíèå.

Â ñïåêòðàõ ßÌÐ 1Í 4-àìèíî-2-ôåíèëèíäîëà (3) è
4-àìèíî-1-ìåòèë-2-ôåíèëèíäîëà (4) íàáëþäàþòñÿ
ñèíãëåòíûå ñèãíàëû ïðîòîíîâ H-1 (äëÿ ñîåäèíåíèÿ
3) è 1-CH3 (äëÿ ñîåäèíåíèÿ 4), ïðîòîíîâ ãðóïïû
NH2, ñèíãëåòíûé ñèãíàë ïðîòîíà Í-3, äâóõ òðèïëå-
òîâ è äóáëåòà ïðîòîíîâ ôåíèëüíîãî çàìåñòèòåëÿ â
ïîëîæåíèè 2, à òàêæå äâà äóáëåòíûõ ñèãíàëà ïðîòî-
íîâ Í-7, Í-5 è òðèïëåòíûé ñèãíàë ïðîòîíà Í-6, ÷òî
õàðàêòåðíî äëÿ ABC-ñèñòåì. Â ÓÔ-ñïåêòðàõ àìèíî-
èíäîëîâ 3, 4 íàáëþäàåòñÿ èíòåíñèâíàÿ êîðîòêîâîë-
íîâàÿ ïîëîñà 210−220, õàðàêòåðíàÿ äëÿ ïèððîëüíîãî

* Çäåñü è äàëåå äëÿ ïèêîâ èîíîâ äàíû âåëè÷èíû m/z (Iîòí, %).

Íàéäåíî                           

Âû÷èñëåíî% 

Ñîåäèíåíèå Бðóòòî-ôîðìóëà 

Ñ H 

Rf (ñèñòåìà) Т ïë, °Ñ (ðàñòâîðèòåëü äëÿ 

êðèñòàëëèçàöèè) 

Âûõîä,

% 

2 C15H12N2O2 
71,40                    

71,42 

4,80                            

4,79 
0,79 (À) 

126–127                       

(õëîðîôîðì) 
90 

3 C14H12N2 
80,72                    

80,74 

5,83                            

5,81 
0,33 (À) 

178–179                           

(ìåòàíîë) 
90 

4 C15H14N2 
81,04                     

81,05 

6,36                            

6,35 
0,65 (Б) 

102–104                               

(ãåïòàí) 
94 

5 C19H18N2O 
78,36                     

78,59 

6,39                            

6,25 
0,79 (Б) 

154–155                            

(áåíçîë–ïåòðîëåéíûé ýôèð) 
89 

6 C20H20N2O 
78,71                     

78,92 

6,81                            

6,62 
0,29 (À) 

118–120                      

(áåíçîë–ïåòðîëåéíûé ýôèð) 
78 

7 C29H22N2O 
83,70                     

84,03 

5,55                            

5,35 
0,40  (Б) 

199–201                              

(áåíçîë–ïåòðîëåéíûé ýôèð) 
21 

8 C30H24N2O 
83,77                     

84,08 

5,86                            

5,65 
0,89 (Â) 

155–158                           

(õëîðîôîðì–ïåòðîëåéíûé 

ýôèð) 

28 

9 Ñ29Í20N2 
87,59                     

87,85 

5,27                            

5,08 
0,44 (Б) 

201–203                             

(ãåêñàí) 
99 

10 C30H22N2 
87,51                     

87,77 

5,59                            

5,40 
0,76 (Ã) 

183–185                                 

(ãåêñàí) 
93 
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Ò à á ë è ö à  2

Ñòðóêòóðà è ñïåêòðàëüíûå õàðàêòåðèñòèêè íèòðîèíäîëà 2 è àìèíîèíäîëîâ 3, 4

õðîìîôîðà, à â äëèííîâîëíîâîé îáëàñòè (250−
315 íì) ïðîÿâëÿþòñÿ äâà ìàêñèìóìà, ïî-âèäèìîìó,
ñâÿçàííûå ñ ýëåêòðîííûìè ïåðåõîäàìè â áåíçîëüíîé
÷àñòè ìîëåêóëû, ÷òî õîðîøî ñîãëàñóåòñÿ ñ èìåþùè-
ìèñÿ â ëèòåðàòóðå äàííûìè äëÿ çàìåùåííûõ àìè-
íîèíäîëîâ [5]. Ìàññ-ñïåêòð ñîåäèíåíèÿ 3 õàðàêòåðè-
çóåò åãî êàê äîâîëüíî óñòîé÷èâîå, ÷òî ñâîéñòâåííî
àðîìàòè÷åñêèì àìèíàì [7].

Äëÿ ïîëó÷åííûõ 4-àìèíîèíäîëîâ ñî ñâîáîäíûì
β-ïîëîæåíèåì ïèððîëüíîãî êîëüöà ìîæíî áûëî îæè-
äàòü ïåðâè÷íîé êîíäåíñàöèè ïî ýòîìó ïîëîæåíèþ

ïðè âçàèìîäåéñòâèè ñ β-äèêàðáîíèëüíûìè ñîåäèíå-
íèÿìè. Îäíàêî íàøè èññëåäîâàíèÿ ïîêàçàëè, ÷òî
àìèíîèíäîëû 3, 4 ïðè íàãðåâàíèè ñ àöåòèëàöåòîíîì
(~139°Ñ) è äèáåíçîèëìåòàíîì (~180°C) îáðàçóþò
òîëüêî åíàìèíîêåòîíû 5−−−−−8, ïðè÷åì êîíäåíñàöèÿ ñ
àöåòèëàöåòîíîì ïðîòåêàåò ëåã÷å (2,5−−−−−3,5 ÷), ÷åì ñ
äèáåíçîèëìåòàíîì (5−−−−−7,5 ÷), ýëåêòðîôèëüíîñòü êàð-
áîíèëüíûõ àòîìîâ êîòîðîãî íèæå (ñõåìà 2).

Õàðàêòåðèñòè÷åñêèìè â ñïåêòðàõ ßÌÐ 1Í åíàìè-
íîêåòîíîâ  5−−−−−8  (òàáë. 3) ÿâëÿþòñÿ ñèíãëåòíûå ñèã-
íàëû âèíèëüíîãî ïðîòîíà è  ïðîòîíîâ ãðóïïû NH è

 

Óô-ñïåêòð Ñîåäèíåíèå Ñïåêòð ßÌÐ 1Í ì.ä., J (Гö) Ìàññ-ñïåêòð, m/z (I îòí., %) 

λ ìàêñ, íì lg ε 

2 3.87 (3Í, ñ, 1-ÑÍ3), 7.16 (1Í, ñ, Í–3), 7.40 

(1Í, ò, J567=7.5, Í–6), 7.54 (1Í, ò, J=7.5, п-

H 2–Ph), 7.59 (2Í, ò, J=7.5, м-Í 2–Ph), 7.70 

(2Í, ä, J=7.5,  о-Í 2–Ph), 8.08 (1Í, ä, 

J76=7.5, Í–7), 8.13 (1Í, ä, J56=7.5, Í–5) 

252 (Ì+, 76), 222 (28.), 207 (10), 206 (57), 205 

(38), 204 (50), 194 (33), 191 (17), 190 (32), 179 

(12), 178 (37), 177 (10), 176 (12), 166 (10), 165 

(45), 164 (18), 163 (18), 152 (19), 151 (13), 139 

(20), 128 (27), 126 (18), 115 (16), 111 (11), 105 

(14), 102 (58), 101 (20), 98 (10), 91 (16), 90 (11), 

89 (37), 88 (45), 87 (35), 86 (20), 83 (25), 82 

(26.5), 81 (19), 78 (13), 77 (99.5), 75 (50), 74 (39), 

69 (13.5), 66 (17), 65 (19), 64 (17), 63 (78), 62 

(55), 52 (28), 51 (100), . 50 (67), 46 (12), 44 (10), 

42 (18), 41 (14), 40 (17)39 (83), 38 (28.5) 

204              

225              

265              

396 

4,50 

4,24 

4,09 

3,89 

3 5.17 (2Í, ñ, 4-NÍ2), 6.14 (1Í, ä, J56=7.5, Í–

5), 6.62 (1Í, ä, J76=7.5, Í–7), 6.96 (1Í, ñ, 

Í–3), 6.79 (1Í, ò, J567=7.5, Í–6), 7.25 (1Í, 

ò, J=7.5, п-Í 2–Ph), 7.43 (2Í, ò, J=7.5, м-Í 

2–Ph), 7.76 (2Í, ä, J=7.5, о-Í 2–Ph), 11.14 

(1 Í, ñ, Í-1). 

208 (Ì+, 100), 207 (16), 104 (43), 77 (18) 210              

256              

313 

4,52  

4,57  

4,24 

4 3.64 (3Í, ñ, 1-ÑÍ3), 5.23 (2Í, ñ, 4-NÍ2), 

6.22 (1Í, ä, J56=7.5, Í–5), 6.64 (1Í, ä, 

J76=7.5, Í–7), 6.65 (1Í, ñ, Í–3), 6.88 (1Í, ò, 

J567=7.5, Í–6), 7.39 (1Í, ò, J=7.5, п-Í 2–

Ph), 7.49 (2Í, ò, J=7.5, м-Í 2–Ph), 7.54 (2Í, 

ä, J=7.5, о-Í 2–Ph) 

− 203              

212              

250              

300 

4,42  

4,39   

4,30   

4,10 
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Ò à á ë è ö à  3

Ñòðóêòóðà è ñïåêòðàëüíûå õàðàêòåðèñòèêè åíàìèíîêåòîíîâ  5-8

Óô-ñïåêòð Ñîåäèíåíèå Ñïåêòð ßÌÐ 1Í,d, ì.ä., J (Ãö) Ìàññ-ñïåêòð, m/z (I îòí., %) 

λ ìàêñ, íì lg ε 

5 2.05 (3Í, ñ, =C-CH3), 2.10 (3Í, ñ, Î=Ñ-ÑÍ3), 
5.32. (1Í, ñ, =CH), 6.83 (1Í, ñ, Í–3), 6.91 (1Í, 
ä, J56=7.5, Í–5), 7.11 (1Í, ò, J567=7.5, Í–6), 
7.28 (1Í, ä, J76=7.5, Í–7), 7.35 (1Í, ò, J=7.5, ï-
Í 2–Ph), 7.47 (2Í, ò, J=7.5, ì-Í 2–Ph), 7.87 
(2Í, ä, J=7.5, î-Í 2–Ph), 11.77 (1Í, ñ, Í–1), 
12.88 (1Í, ñ, 4-NÍ) 

290 (Ì+, 69), 275 (34), 273 (10), 247 
(57), 233 (26), 206 (29), 84 (60), 43 
(100) 

203               
205                 
248                 
309 

4,68                 
4,47                 
4,24                
4,42 

6 2.03 (3Í, ñ, =C-CH3), 2.11 (3Í, ñ, Î=Ñ-ÑÍ3), 
3.76 (3Í, ñ, 1-ÑÍ3), 5.30 (1Í, ñ, =CH), 6.52 
(1Í, ñ, 3–Í), 7.01 (1Í, ä, J56=7.5, Í–5), 7.20 
(1Í, ò, J567=7.5, Í–6), 7.38 (1Í, ä,J76=7.5, Í–
7), 7.46 (1 Í, ò, J=7.5, ï-H 2–Ph), 7.53 (2Í, ò, 
J=7.5, ì-H 2–Ph), 7.62 (2Í, ä, J=7.5, î-H 2–
Ph), 13.32 (1Í, ñ, 4-NÍ) 

304 (Ì+, 58), 289 (21), 261 (58), 247 
(27), 246 (34), 220 (27), 84 (60), 43 
(100) 

201        
206                 
240                 
300 

4,57                 
4,48                 
4,33                 
4,33 

7 6.18 (1Í, ä, J56=7.5, Í–5), 6.27 (1Í, ñ, =CH), 
6.82 (1 Í, ò, J567=7.5, Í–6), 7.02 (1Í, ñ, Í–3), 
7.13 (1Í, ä, J76=7.5, Í–7), 7.36 (3Í, ò, J=7.5, 
ì-Í 2–Ph; ï-Í =C-Ph), 7.41 (1Í, ò, J=7.5, ï-Í 
2–Ph), 7.48 (2Í, ä, J=7.5, î-Í 2-Ph), 7.51 (4Í, 
ò, J=7.5, ì-Í Î=Ñ-Ph; ì-Í =Ñ-Ph), 7.57 (1Í, ò, 
J=7.5, ï-Í Î=Ñ-Ph), 7.91 (2Í, ä, J=7.5, o-Í 
=Ñ-Ph), 8.06 (2Í, ä, J=7.5, î-Í Î=Ñ-Ph), 11.73 
(1Í, ñ, Í–1), 13.22 (1Í, ñ, 4–NÍ) 

414 (Ì+, 14), 309 (56), 308 (12), 207 
(16), 206 (26), 105 (77), 77(100) 

200                 
250              
325                 
413 

4,42                 
4,41                 
4,39                 
4,14 

8 3.75 (3Í, ñ, 1-ÑÍ3), 6.21 (1Í, ä, J56=7.5, Í–5), 
6.25 (1Í, ñ, =CH), 6.69 (1Í, ñ, Í–3), 6.89 (1Í, 
ò, J567=7.5, Í–6), 7.22 (1Í, ä, J76=7.5, Í–7), 
7.38 (3Í, ò, J=7.5, ì-H 2–Ph; ï-H =Ñ-Ph), 7.43 
(2Í, ä, J=7.5, î-H 2–Ph), 7.49 (4Í, ò, J=7.5, ì-
H =Ñ-Ph; ì-H Î=Ñ-Ph), 7.55 (2Í, ò, J=7.5, ï-H 
Î=Ñ-Ph; ï-H 2-Ph), 7.64 (2Í, ä, J=7.5, o-H =Ñ-
Ph), 8.04 (2Í, ä, J=7.5, î-H Î=Ñ-Ph), 13.26 
(1Í, ñ, 4-NÍ) 

428 (Ì+, 10), 324 (17), 323 (59), 220 
(20), 105 (70), 77(100) 

200                
212,5              
242                 
400 

4,55                 
4,38                 
4,20                 
4,09 

9 5.18 (1Í, ñ, Í–9), 6.71 (1Í, ä, J65=7.5, H–6), 
6.78 (3Í, ò, J=7.5, n–H 8–Ph; ì–Í 2–Ph), 6.89 
(3Í, ä, J=7.5, î–Í 4–Ph; Í–3), 6.96 (3Í, ì, ì–
Í 8–Ph; n–H 2–Ph), 7.04 (2H, ä, J=7.5, o–Í 2–
Ph), 7.45 (3Í, ò, J=7.5, n–H 4–Ph; ì–Í 4–Ph), 
7.50 (1Í, ä, J56=7.5, Í–5), 7.76 (2Í, ä, J=7.5, 
o–Í 8–Ph), 11.48 (1Í, ñ, Í–7) 

396 (Ì+, 79), 395 (19),319 (27), 318 
(12), 292 (13), 291 (26), 290 (17), 216 
(16), 215 (14), 214 (17), 198 (36), 197 
(19), 195 (12), 190 (17), 189 (20), 188 
(13), 187 (11), 159 (83), 146 (54), 144 
(32), 132 (23), 130 (15), 104 (15), 103 
(13), 86 (10), 78 (20), 77 (76), 76 
(26), 75 (15), 74 (12), 69 (51), 63 
(26), 51 (100), 50 (39), 45 (65), 39 
(34.) 

202                 
254                 
289                 
344 (ïë) 

4,68              
4,47                 
4,37                 
3,92 

10 3.20 (3Í, ñ, 7-ÑÍ3), 5.31 (1Í, ñ, Í-9), 6.81 (1Í, 
ñ, Í-3), 6.84 (2Í, ò, J=7.5, ì-Í 2-Ph), 6.89 (1Í, 
ä, J65=7.5, 6-Í), 6.92 (2Í, ä, J=7.5, î-Í 8-Ðh),      
7.00 (4-Í, ò, J=7.5, ì-Í 8-Ðh; ï-Í 2-Ðh), 7.06 
(2Í, ò, J=7.5, ì-Í 4-Ðh), 7.36 (1Í, ä, J56=7.5, 
Í-5), 7.40 (3Í, ì, ï-Í 8-Ðh; î-Í 4-Ðh), 7.72 
(2Í, ä, J=7.5, î-Í 2-Ðh) 

410 (Ì+,71), 291 (14), 290 (12), 205 
(31), 166 (100), 165 (48), 159 (19), 
158 (24), 152 (25), 151 (19), 146 (28), 
144 (15), 138 (11),78 (16), 77 (64), 76 
(20), 63 (20), 51 (60), 50 (20), 40 
(12), 39 (31) 

203                 
248                 
288    
331(ïë) 

4,70             
4,49                 
4,42                 
4,02 
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ëîòå ïðè äëèòåëüíîì íàãðåâàíèè (7−13 ÷) îáðàçóþò
îæèäàåìûå ïèððîëîõèíîëèíû 9, 10, â òî âðåìÿ êàê
àíàëîãè 5, 6 äàþò ïîëèìåðîïîäîáíûå êðàñèòåëè.
Çàìåíà òðèôòîðóêñóñíîé êèñëîòû íà ñåðíóþ, õëî-
ðèä öèíêà (ïðè 140°Ñ) èëè õëîðîâîäîðîä (ñóõîé, â
àáñîëþòíîì ìåòàíîëå) ïðèâîäèò ê àíàëîãè÷íîìó
ðåçóëüòàòó. Íàãðåâàíèå â äèôåíèëå ïðè òåìïåðàòó-
ðå 280°Ñ (òåðìè÷åñêàÿ öèêëèçàöèÿ) ïðèâîäèò ê îñ-
ìîëåíèþ ñîåäèíåíèé 5, 6 è 7, 8. Òàêèì îáðàçîì,
äàæå ïðèìåíåíèå áîëåå æåñòêèõ óñëîâèé íå ïîçâî-
ëÿåò ïîëó÷èòü ïèððîëîõèíîëèíû èç åíàìèíîêåòîíîâ
5, 6 (ñõåìà 3).

Äîêàçàòåëüñòâîì îáðàçîâàíèÿ ïèððîëîõèíîëèíîâûõ
ñòðóêòóð 9, 10 ñëóæèò íàëè÷èå â èõ ñïåêòðàõ
ßÌÐ 1Í ñèíãëåòíûõ ñèãíàëîâ ïðîòîíîâ Í-3 è Í-9 è
ÀB-ñèñòåìû ïðîòîíîâ Í-5 è Í-6 (äâà äóáëåòà)

Â ìàññ-ñïåêòðàõ ïèððîëîõèíîëèíîâ 9, 10 èìåþòñÿ
èíòåíñèâíûå ïèêè ìîëåêóëÿðíûõ èîíîâ Ì+ 396 (79%)
(äëÿ ñîåäèíåíèÿ 9) è 410 (71%) (äëÿ ñîåäèíåíèÿ 10),
à òàêæå áîëüøîå êîëè÷åñòâî ìàëîèíôîðìàòèâíûõ
ôðàãìåíòîâ.

ÓÔ-ñïåêòðû ñîåäèíåíèé 9, 10 ñîäåðæàò ïî òðè ïî-
ëîñû ïîãëîùåíèÿ ñ ìàêñèìóìàìè ïðè 202, 254, 289 íì
(äëÿ 9) è 203, 248, 288 (äëÿ 10), à ÷åòâåðòóþ − â âèäå
ïëå÷à ïðè 344 íì (äëÿ 9) è 331 (äëÿ 10), îòíîñÿùèåñÿ
ê n-π-ïåðåõîäàì â ïèððîëüíîì è ïèðèäèíîâîì êîëüöàõ
è ê π-π-ïåðåõîäàì â áåíçîëüíîì êîëüöå ñîîòâåòñòâåí-
íî, ÷òî õàðàêòåðíî äëÿ ïèððîëîõèíîëèíîâîé ñèñòåìû.
Êðîìå òîãî, èíòåíñèâíîñòè äâóõ êîðîòêîâîëíîâûõ ïî-
ëîñ ïîãëîùåíèÿ: 220−260 è 260−310 íì, ïåðâàÿ èç êîòî-
ðûõ èíòåíñèâíåå, ñâèäåòåëüñòâóþò îá óãëîâîì ñî÷ëå-
íåíèè êîëåö, òàê êàê â ëèíåéíûõ ñèñòåìàõ ïîëîñà ïðè
260−310 íì èíòåíñèâíåå, ÷åì ïðè 220−260 íì [8].

Ïîëèìåðîîáðàçíûå ãëóáîêî îêðàøåííûå ïðîäóêòû,
âûäåëåííûå èç ðåàêöèîííîé ñìåñè ïîñëå îáðàáîòêè

Ñ õ å ì à  3

H-3. Â ÓÔ-ñïåêòðàõ ñîåäèíåíèé 5–8 äëèííîâîëíî-
âûé ìàêñèìóì â îáëàñòè λ ≈ 300–400 íì, ñâÿçàí-
íûé, ïî-âèäèìîìó, ñ π-π- è π-n-ïåðåõîäàìè, â áåí-
çîëüíîé ÷àñòè ìîëåêóëû íàìíîãî èíòåíñèâíåå ïî
ñðàâíåíèþ ñ òîé æå ïîëîñîé â ñïåêòðàõ èñõîäíîãî
àìèíà, ÷òî îáóñëîâëåíî óâåëè÷åíèåì öåïè ñîïðÿæå-
íèÿ â åíàìèíàõ.

Àíàëèç ìàññ-ñïåêòðîâ ïîêàçàë, ÷òî ôðàãìåíòàöèÿ
åíàìèíîêåòîíîâ 5−−−−−8 õîðîøî ñîãëàñóåòñÿ ñ äèññîöèà-
òèâíîé èîíèçàöèåé ïîäîáíûõ ñòðóêòóð, ïîëó÷åííûõ èç
2,3-äèìåòèë- è 1,2,3-òðèìåòèë-4-àìèíîèíäîëîâ [3].

Ïðè öèêëèçàöèè åíàìèíîâ 5−−−−−8, íå èìåþùèõ çà-
ìåñòèòåëåé â ïîëîæåíèÿõ 3, 5 èíäîëüíîãî êîëüöà â
óñëîâèÿõ êèñëîòíîé è òåðìè÷åñêîé öèêëèçàöèè,
ìîæíî áûëî îæèäàòü îáðàçîâàíèÿ ñîîòâåòñòâóþ-
ùèõ ïèððîëî[2,3-h]õèíîëèíîâ, à òàêæå íå èñêëþ÷à-
ëàñü àëüòåðíàòèâíàÿ âîçìîæíîñòü çàìûêàíèÿ öèêëà
ïî β-ïîëîæåíèþ ïèððîëüíîãî ôðàãìåíòà ñ îáðàçî-
âàíèåì òðèöèêëè÷åñêèõ ñòðóêòóð − àçåïèíî[4,3,2–
cd]èíäîëîâ.

Ïîâåäåíèå åíàìèíîêåòîíîâ 5−−−−−8 â óñëîâèÿõ êèñ-
ëîòíîé öèêëèçàöèè îêàçàëîñü íåîäíîçíà÷íûì. Òàê,
òîëüêî åíàìèíîêåòîíû 7, 8 â òðèôòîðóêñóñíîé êèñ-

Ñ õ å ì à  2
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åíàìèíîêåòîíîâ 5, 6 êèñëîòíûìè àãåíòàìè, íå èäåí-
òèôèöèðîâàíû. Ñëåäóåò ëèøü îòìåòèòü îòñóòñòâèå â
èõ ÓÔ-ñïåêòðàõ ïîëîñû ïîãëîùåíèÿ, õàðàêòåðíîé äëÿ
n-π-ïåðåõîäîâ â ïèðèäèíîâîì êîëüöå, ÷òî èñêëþ÷àåò
îáðàçîâàíèå ïèððîëîõèíîëèíîâûõ ñòðóêòóð. Ýëåêòðîí-
íûå ñïåêòðû âûäåëåííûõ ïðîäóêòîâ ñîäåðæàò èíòåí-
ñèâíûå ìàêñèìóìû ñ λ = 233−244 íì (lg ε 4,44−4,46),
õàðàêòåðíûå äëÿ n-π-ïåðåõîäîâ â ïèððîëüíîì êîëüöå
èíäîëà, óñèëåííûå, ïî-âèäèìîìó, äîïîëíèòåëüíûì ñî-
ïðÿæåíèåì â áîêîâîé öåïè. Äàííûé ôàêò äàåò âîç-
ìîæíîñòü ïðåäïîëîæèòü, ÷òî åíàìèíîêåòîíû çà ñ÷åò
êàðáîíèëüíîé ãðóïïû êîíäåíñèðóþòñÿ íå âíóòðèìîëå-
êóëÿðíî ñ β-ïîëîæåíèåì ïèððîëüíîãî êîëüöà, à ìåæ-
ìîëåêóëÿðíî ñ îáðàçîâàíèåì îêðàøåííûõ äèìåðîâ.
Òàêîå ïîâåäåíèå èíäîëèëåíàìèíîêåòîíîâ ñî ñâîáîä-
íûì β-ïîëîæåíèåì â êèñëîòíûõ óñëîâèÿõ îòìå÷àëîñü
è ðàíåå [9].

Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Ñïåêòðû ßÌÐ 1Í çàïèñàíû íà ïðèáîðå “Bruker

DRX 500 SF” ïðè 500 ÌÃö â ÄÌÑÎ-d6. Ìàññ-ñïåê-
òðû ïîëó÷åíû íà ìàññ-ñïåêòðîìåòðå “FINNIGAN
MAT. INCOS-50” ñ ïðÿìûì ââîäîì îáðàçöà â èîííûé
èñòî÷íèê ïðè ýíåðãèè èîíèçàöèè 70 ýÂ, òîêå ýìèññèè
1,5 ìÀ è òåìïåðàòóðå 70−250°Ñ. Ýëåêòðîííûå ñïåêò-
ðû çàðåãèñòðèðîâàíû íà ïðèáîðå “Spekord” â ýòàíî-
ëå. Î÷èñòêó ïðîäóêòîâ ðåàêöèè ïðîâîäèëè ìåòîäîì
êîëîíî÷íîé õðîìàòîãðàôèè íà Al2O3 (íåéòðàëüíûé, I
è II ñòåïåíü àêòèâíîñòè ïî Áðîêìàíó). Êîíòðîëü çà
õîäîì ðåàêöèè, ÷èñòîòîé ïîëó÷åííûõ ñîåäèíåíèé îñó-
ùåñòâëÿëè ÒÑÕ íà ïëàñòèíêàõ “Silufol UV–254” â
ñèñòåìàõ: õëîðîôîðì (À), õëîðîôîðì−ñëåäû ìåòàíî-
ëà (Á), áåíçîë−ýòèëàöåòàò, 3:1 (Â), áåíçîë−ýòèëàöå-
òàò−ìåòàíîë, 10:3:1 (Ã). Ôèçèêî-õèìè÷åñêèå õàðàêòå-
ðèñòèêè ïîëó÷åííûõ ñîåäèíåíèé ïðèâåäåíû â òàáë. 1.

Íèòðîèíäîë 2 è àìèíîèíäîëû 3, 4 ïîëó÷åíû ïî
èçâåñòíûì ìåòîäèêàì, ïðèâåäåííûì â ðàáîòå [5].

4-Íèòðî-2-ôåíèëèíäîë (1). Ïîëó÷àþò èç 1,38 ã
(10 ììîëü) ì-íèòðîàíèëèíà è 1,68 ã (14 ììîëü) àöå-
òîôåíîíà ïî ìåòîäèêå [4]. Âûïàâøèé îñàäîê îòôèëü-
òðîâûâàþò, ïðîìûâàþò ìíîãîêðàòíî òåïëîé âîäîé è
ñóøàò íà âîçäóõå, î÷èùàþò íà êîëîíêå ñ îêñèäîì
àëþìèíèÿ â ñèñòåìå õëîðîôîðì−ïåòðîëåéíûé ýôèð,
3:1, è ïåðåêðèñòàëëèçîâûâàþò èç õëîðîôîðìà äëÿ óäà-
ëåíèÿ ïðèìåñè 6-íèòðî-2-ôåíèëèíäîëà. Âûõîä 2,47 ã
(77%), Rf  = 0,65 (À), Òïë = 203°Ñ (èç õëîðîôîðìà)
(ïî ëèòåðàòóðíûì äàííûì Òïë = 205°Ñ [4]).

1-Ìåòèë-4-íèòðî-2-ôåíèëèíäîë (2). Ïîëó÷àþò èç
0,77 ã (3,2 ììîëü) 4-íèòðî-2-ôåíèëèíäîëà (1). Î÷èùàþò
ïåðåêðèñòàëëèçàöèåé èç õëîðîôîðìà. Âûõîä 0,73 ã.

4-Àìèíî-2-ôåíèëèíäîë (3). Ïîëó÷àþò èç 0,75 ã
(3 ììîëü) 4-íèòðî-2-ôåíèëèíäîëà (1). Âûõîä 0,62 ã.

4-Àìèíî-1-ìåòèë-2-ôåíèëèíäîë (4). Ïîëó÷àþò
èç 0,75 ã (3 ììîëü) 1-ìåòèë-4-íèòðî-2-ôåíèëèíäîëà
(2). Âûõîä 0,62 ã.

Îáùàÿ ìåòîäèêà ïîëó÷åíèÿ åíàìèíîâ
À. Ñìåñü àìèíîèíäîëà è èçáûòêà àöåòèëàöåòîíà

êèïÿòÿò â òå÷åíèå íåñêîëüêèõ ÷àñîâ. Ïî îêîí÷àíèè
ðåàêöèè (êîíòðîëü ÒÑÕ) èçáûòîê àöåòèëàöåòîíà îòãî-
íÿþò â âàêóóìå. Îñòàòîê ðàñòâîðÿþò â ñìåñè áåíçî-
ëà ñ ïåòðîëåéíûì ýôèðîì è ïðîïóñêàþò ÷åðåç ñëîé
(2 ñì) îêñèäà àëþìèíèÿ.

Á. Ê àìèíîèíäîëó ïðèáàâëÿþò óäâîåííîå êîëè÷å-
ñòâî äèáåíçîèëìåòàíà è âûäåðæèâàþò ïðè 170−180°Ñ.
Ïî îêîí÷àíèè ðåàêöèè (êîíòðîëü ÒÑÕ) ïðîäóêò ðåàê-
öèè âûäåëÿþò ìåòîäîì ïðåïàðàòèâíîé ÒÑÕ íà îêñèäå
àëþìèíèÿ, â êà÷åñòâå ýëþåíòà èñïîëüçóþò õëîðîôîðì.

(Z)-4-(2-ôåíèë-1H-4-àìèíîèíäîëèë)ïåíòåí-3-
îí-2 (5). Ïîëó÷àþò ïî ìåòîäèêå À èç ñìåñè 0,297 ã
(1,4 ììîëü) 4-àìèíî-2-ôåíèëèíäîëà (3) è 3 ìë àöåòèë-
àöåòîíà, íî êèïÿòÿò 2,5 ÷. Ïåðåêðèñòàëëèçîâûâàþò èç
ñìåñè áåíçîë−ïåòðîëåéíûé ýôèð, 1:2. Âûõîä 0,36 ã.

(Z)-4-(1-ìåòèë-2-ôåíèë-1H-4-àìèíîèíäîëèë)-
ïåíòåí-3-îí-2 (6). Ïîëó÷àþò ïî ìåòîäèêå À èç
ñìåñè 0,31 ã (1,4 ììîëü) 4-àìèíî-1-ìåòèë-2-ôåíèëèí-
äîëà (4) è 3 ìë àöåòèëàöåòîíà, êèïÿòÿò 3,5 ÷. Ïåðå-
êðèñòàëëèçîâûâàþò èç ñìåñè áåíçîë−ïåòðîëåéíûé
ýôèð. Âûõîä 0,33 ã.

(2Z)-1,3-äèôåíèë-3-[(2-ôåíèë-1H-4-àìèíîèí-
äîëèë)]ïðîïåí-2-îí-1 (7). Ïîëó÷àþò ïî ìåòîäèêå
Á èç 0,26 ã (1,3 ììîëü) 4-àìèíî-2-ôåíèëèíäîëà (3),
íàãðåâàþò 5 ÷. Ïåðåêðèñòàëëèçîâûâàþò èç ñìåñè
áåíçîë–ïåòðîëåéíûé ýôèð. Âûõîä 0,11 ã.

(2Z)-3-[(1-ìåòèë-2-ôåíèë-1H-4-àìèíîèíäî-
ëèë)]-1,3-äèôåíèë- ïðîïåí-2-îí-1 (8). Ïîëó÷àþò
ïî ìåòîäèêå Á èç 0,37 ã (1,7 ììîëü) 4-àìèíî-1-ìå-
òèë-2-ôåíèëèíäîëà (4), íàãðåâàþò â òå÷åíèå 7,5 ÷.
Ïåðåêðèñòàëëèçîâûâàþò èç ñìåñè áåíçîë–ïåòðîëåé-
íûé ýôèð. Âûõîä 0,20 ã.

2,4,8-Òðèôåíèë-7Í-ïèððîëî[2,3-h]õèíîëèí
(9). 0,078 ã (0,0002 ììîëü) ñîåäèíåíèÿ 7 â ïÿòè-
êðàòíîì èçáûòêå òðèôòîðóêñóñíîé êèñëîòû íàãðåâà-
þò 6–7 ÷. Ïî îêîí÷àíèè ðåàêöèè (êîíòðîëü ÒÑÕ)
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îõëàæäåííóþ ðåàêöèîííóþ ñìåñü âûëèâàþò â ðàç-
áàâëåííûé (10–12%) âîäíûé àììèàê ñî ëüäîì, âû-
ïàâøèé îñàäîê îòôèëüòðîâûâàþò, ïðîìûâàþò ìíî-
ãîêðàòíî âîäîé, ñóøàò íà âîçäóõå. Î÷èùàþò ïåðå-
êðèñòàëëèçàöèåé èç ãåêñàíà. Âûõîä 0,74 ã.

7-Ìåòèë-2,4,8-òðèôåíèë-7Í-ïèððîëî[2,3-
h]õèíîëèí (10). Ïîëó÷àþò àíàëîãè÷íî èç 0,12 ã
(0,4 ììîëü) ñîåäèíåíèÿ 8 (íàãðåâàþò â òå÷åíèå
13 ÷). Î÷èùàþò ïåðåêðèñòàëëèçàöèåé èç ãåêñàíà.
Âûõîä 0,11 ã.

ON THE POSSIBILITY OF USING 4-AMINO-2-PHENYL- AND
4-AMINO-1-METHYL-2-PHENYLINDOLES IN THE SYNTHESIS
OF PYRROLOQUINOLINES ACCORDING TO COMBES

Ye.A. Alyamkina, S.A. Yamashkin, N.N. Artayeva, M.A. Yurovskaya
(Division of Organic Chemistry)

The reaction of 4-amino-2-phenyl- and 4-amino-1-methyl-2-phenylindoles with free βββββ-position of
pyrrole ring with acetylacetone and dibenzoilmethane has been studied. It has been ascertained
that primary condensation is realized only upon aminogroups and produces the corresponding
enaminoketones. Under conditions of enamines acidic cyclization on basis of dibenzoylmethane
turn into pyrrolo[2,3-h]quinolines. The products of cyclization with participation of indole C3
atom has‘t detected.

Key words: 4-amino-2-phenyl- and 4-amino-1-methyl-2-phenylindoles, acetylacetone,
dibenzoilmethane, pyrrolo[2,3-h]quinoline.
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