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Ðàíåå ñîîáùàëîñü, ÷òî àðèë- è äèàðèëöèêëîïðî-
ïàíû â óñëîâèÿõ ðåàêöèè íèòðîçèðîâàíèÿ ñ âûñî-
êèì âûõîäîì îáðàçóþò 4,5-äèãèäðîèçîêñàçîëû [1].
Èçâåñòíî òàêæå, ÷òî àíàëîãè÷íî âåäóò ñåáÿ è ïðî-
èçâîäíûå öèêëîïðîïàíà, èìåþùèå ìåòèëåíîâóþ
ãðóïïó ìåæäó àðîìàòè÷åñêèì êîëüöîì è ìàëûì
öèêëîì [2, 3]. Â òåõ æå óñëîâèÿõ ãåì-äèãàëîãåí-
ïðîèçâîäíûå ôåíèë- è áåíçèëöèêëîïðîïàíîâ âåäóò
ñåáÿ íåîäíîçíà÷íî, è ðåçóëüòàò ðåàêöèè çàâèñèò
êàê îò ïðèðîäû çàìåñòèòåëÿ â ìàëîì öèêëå, òàê è
îò ñîîòíîøåíèÿ ðåàãåíòîâ [3, 4]. Â ðàìêàõ èññëå-
äîâàíèÿ âëèÿíèÿ ïðèðîäû çàìåñòèòåëåé, ñâÿçàííûõ
ñ òðåõóãëåðîäíûì öèêëîì, íà ðåàêöèîííóþ ñïîñîá-
íîñòü öèêëîïðîïàíîâûõ ñóáñòðàòîâ â ðåàêöèè íèò-
ðîçèðîâàíèÿ ìû èçó÷èëè âçàèìîäåéñòâèå ôåíèëöèê-
ëîïðîïèëñóëüôèäà (I) è ôåíîêñèöèêëîïðîïàíà (II) ñ
àçîòèñòîé êèñëîòîé, îáðàçóþùåéñÿ in situ. Áûëî
ïîêàçàíî, ÷òî íà íàïðàâëåíèå ïðåâðàùåíèé öèêëî-
ïðîïèëñîäåðæàùèõ ýôèðîâ (I) è (II) ïîä äåéñòâèåì
ýêâèìîëÿðíûõ êîëè÷åñòâ HNO2 êàðäèíàëüíî âëèÿ-
åò ïðèðîäà ãåòåðîàòîìà. Òàê, ðåàêöèÿ ôåíèëöèê-
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Èçó÷åíî ïîâåäåíèå ôåíèëöèêëîïðîïèëñóëüôèäà è ôåíîêñèöèêëîïðîïàíà â óñëîâèÿõ ðåàê-
öèè íèòðîçèðîâàíèÿ. Ïîêàçàíî, ÷òî ôåíèëöèêëîïðîïèëñóëüôèä ïîä äåéñòâèåì àçîòèñòîé
êèñëîòû, îáðàçóþùåéñÿ in situ, êîëè÷åñòâåííî ïðåâðàùàåòñÿ â ôåíèëöèêëîïðîïèëñóëüôîê-
ñèä. Â òåõ æå óñëîâèÿõ ôåíîêñèöèêëîïðîïàí òðàíñôîðìèðóåòñÿ â 5-ôåíîêñèèçîêñàçîëèí.
Ðåàêöèÿ ñîïðîâîæäàåòñÿ îáðàçîâàíèåì â êà÷åñòâå ïîáî÷íûõ ïðîäóêòîâ íèòðîôåíîëîâ.

Êëþ÷åâûå ñëîâà: ðåàêöèÿ íèòðîçèðîâàíèÿ, ôåíèëöèêëîïðîïèëñóëüôèä, ôåíîêñè-
öèêëîïðîïàí, ôåíèëöèêëîïðîïèëñóëüôîêñèä, ôåíîêñèèçîêñàçîëèí.

ëîïðîïèëñóëüôèäà (I) çàâåðøàåòñÿ îáðàçîâàíèåì
èñêëþ÷èòåëüíî ôåíèëöèêëîïðîïèëñóëüôîêñèäà (III),
òîãäà êàê ôåíîêñèöèêëîïðîïàí (II)  â òåõ æå óñëî-
âèÿõ ïðåâðàùàåòñÿ â ôåíîêñèçàìåùåííûé èçîêñàçî-
ëèí (IV); íàðÿäó ñ ñîåäèíåíèåì (IV) áûëè âûäåëå-
íû òàêæå íèòðî (V) è 2,4-äèíèòðî-(VI) ôåíîëû
(ñõåìà 1, 2).

Èíòåðåñíî, ÷òî ïðè ïîâòîðíîé îáðàáîòêå åùå
îäíèì ýêâèâàëåíòîì HNO2  öèêëîïðîïèëôåíèëñóëü-
ôîêñèäà (III) ïîñëåäíèé íå âñòóïàåò íè â ðåàêöèþ
îêèñëåíèÿ äî ñóëüôîíà, íè â ðåàêöèþ ðàñêðûòèÿ
òðåõóãëåðîäíîãî öèêëà. Âàæíî ïîä÷åðêíóòü, ÷òî
ïðåâðàùåíèå ôåíèëöèêëîïðîïèëñóëüôèäà (I) â ñóëü-
ôîêñèä (III) – ýòî ïåðâûé ïðèìåð îêèñëåíèÿ ñóëü-
ôèäîâ ñ èñïîëüçîâàíèåì HNO2, îáðàçóþùåéñÿ in
situ. Ïðèìåð ïðåâðàùåíèÿ öèêëîïðîïèëôåíèëîâîãî
ýôèðà (II) â 5-ôåíîêñèèçîêñàçîëèí (IV) ïîêàçûâàåò,
÷òî, ïî âñåé âåðîÿòíîñòè, ýôèðû öèêëîïðîïàíîâîãî
ðÿäà ìîæíî èñïîëüçîâàòü â ñèíòåçå òðóäíîäîñòóï-
íûõ àëêîêñè- èëè àðèëàëêîêñèçàìåùåííûõ èçîêñà-
çîëèíîâ.
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Ê ðàñòâîðó 0,01 ìîëü ôåíèëöèêëîïðîïèëñóëüôè-
äà (I) èëè ôåíîêñèöèêëîïðîïàíà (II) â 10 ìë òðè-
ôòîðóêñóñíîé êèñëîòû, îõëàæäåííîìó äî 0°Ñ, â
òå÷åíèå 30 ìèí äîáàâëÿëè 0,01 ìîëü íèòðèòà íà-
òðèÿ è ïåðåìåøèâàëè 30 ìèí ïðè òîé æå òåìïåðà-
òóðå. Ðåàêöèîííóþ ñìåñü âûëèâàëè â âîäó, ýêñòðà-
ãèðîâàëè õëîðîôîðìîì, ïðîìûâàëè âîäîé äî íåéò-
ðàëüíîé ðåàêöèè è ñóøèëè CaCI2. Ïîñëå óäàëåíèÿ
ðàñòâîðèòåëÿ è õðîìàòîãðàôèðîâàíèÿ ïîëó÷àëè:

èç ñîåäèíåíèÿ (I)
ôåíèëöèêëîïðîïèëñóëüôîêñèä (III), âûõîä 93 %,

ìàñëî. Ñïåêòð ßÌÐ 1Í, ÄÌÑÎ-d6 (ä, ì.ä.): 0.76–
0.90 (ì, 2H, cyclo-C3H5); 0.91–0.98 (ì, 1H, cyclo-
C3H5); 1.08–1.19 (ì, 1H, cyclo-C3H5); 2.11–2.23 (ì,
1H, CHS â cyclo-C3H5); 7.35–7.61 (ì, 5H, Ph).
Ìàññ-ñïåêòð, m/z (Iîòí%): 166 (30) [M]+, 125 (100),
111 (34), 97 (43), 77 (34). Íàéäåíî (%): Ñ (65,12);
Í (6,00). Ñ9Í10OS. Âû÷èñëåíî (%): Ñ (65,03); Í
(6,06);

èç ñîåäèíåíèÿ (II)
5-ôåíîêñèèçîêñàçîëèí (IV), âûõîä 74 %, ìàñëî.

Ñïåêòð ßÌÐ 1Í, CDCI3 (ä, ì.ä., J/Ãö): 3.26–3.22
(ä.ò., 1H, CH2, 

2J = 18.4, 3J = 1.9); 3.31–3.37 (ä.ä.ä,
1H, CH2, 

3J = 1.6, 3J = 6.5, 2J = 18.4); 6.18– 6.20
(ä.ä, 1H, CH, 3J1 = 1.9, 3J = 6.5); 7.0–7.2 (ì, 3Í,
Ph), 7.33 (ì, 2H, Ph); 7.46 (óø.ñ, 1H, NCH). Ìàññ-
ñïåêòð, m/z (Iîòí %): 163 (8) [M]+. Íàéäåíî
(%): Ñ (65,91); Í (5,81); N (8,31). Ñ9Í9NO2. Âû÷èñ-
ëåíî (%): Ñ (66,25); Í (5,56); N (8,59).

Ñîåäèíåíèå (I) ïîëó÷àëè ïî ìåòîäèêå [5].
Òêèï = 93–94°Ñ (20 ìì ðò. ñò.), áåñöâåòíàÿ æèä-
êîñòü, n20

D 1.5841. Ñïåêòð ßÌÐ 1Í, CDCI3 (ä, ì.ä.):
0.79–0.83 (ì, 2H, cyclo-C3H5); 1.13–1.18 (ì, 2H,
cyclo-C3H5); 2.27–2.32 (ì, 1H, cyclo-C3H5); 7.23–
7.51 (ì, 5H, Ph). Ìàññ-ñïåêòð, m/z (Iîòí %): 150 (40)
[M]+. Ëèòåðàòóðíûå äàííûå: Òêèï = 62–63 °Ñ (1 ìì
ðò. ñò.); n20

D 1.5810 [6].
Ñîåäèíåíèå (II) ïîëó÷àëè ïî ìåòîäèêå [5].

Òêèï = 85–86°Ñ (20 ìì ðò. ñò.), áåñöâåòíàÿ æèä-
êîñòü, n20

D 1.5214. Ñïåêòð ßÌÐ 1Í, CDCI3 (ä, ì.ä.):
0.80–0.85 (ì, 4H, CH2); 3.77 (ì, 1H, CH); 7.08–7.12
(ì, 3H, Ph); 7.34–7.44 (ì, 2Í, Ph). Ìàññ-ñïåêòð, m/z
(Iîòí %): 134 (40) [M]+. Ëèòåðàòóðíûå äàííûå: Òêèï
= 72°Ñ (12 ìì ðò. ñò.); n20

D 1.5250 [7].
Ñïåêòðû ßÌÐ 1Í çàïèñàíû íà ïðèáîðå “Varian

VXR-400” â CDCl3 ñ èñïîëüçîâàíèåì îñòàòî÷íîãî
CÍCl3 â äåéòåðîðàñòâîðèòåëå â êà÷åñòâå âíóòðåí-
íåãî ñòàíäàðòà. Ìàññ-ñïåêòðû ðåãèñòðèðîâàëè íà
ïðèáîðå “Finnigan SSQ 7000” (òèïà GC-MS) ñ èñ-
ïîëüçîâàíèåì êàïèëëÿðíîé êîëîíêè (30 ì×2 ìì, íå-
ïîäâèæíàÿ ôàçà DÂ-1), ãàç-íîñèòåëü – ãåëèé
(40 ìë/ìèí) è ïðîãðàììèðîâàíèåì òåìïåðàòóðû îò
50 äî 300°Ñ (10 ãðàä/ìèí). Ýíåðãèÿ èîíèçàöèè
70 ýÂ. Ðàçäåëåíèå ðåàêöèîííûõ ñìåñåé è êîíòðîëü
÷èñòîòû ïðîäóêòîâ ðåàêöèè ïðîâîäèëè íà êîëîíêàõ
èëè íà ïëàñòèíàõ â òîíêîì ñëîå, íîñèòåëü – Al2O3
(II ñòåïåíè àêòèâíîñòè), ýëþåíò: äèýòèëîâûé ýôèð–
ïåòðîëåéíûé ýôèð (40–70°Ñ) ïðè ñîîòíîøåíèè ïî
îáúåìó 1:3.
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THE BEHAVIOR OF THE CYCLOPROPYL PHENYL SULFIDE AND
PHENOXYCYCLOPROPANE IN THE REACTION WITH NITROUS ACID

R.A. Gazzayeva,  A.D. Tsargasov, A.N. Fedotov, S.S. Mochalov
(Division of Organic Chemistry)

The behavior of the cyclopropyl phenyl sulfide and phenoxycyclopropane in the nitrosation
reaction was studied. Cyclopropyl phenyl sulfide was found to convert quantitatively to
cyclopropyl phenyl sulfoxide under the action of nitrous acid formed in situ. Under the same
conditions phenoxycyclopropane undergo transformation to 5-phenoxyisoxasoline (nitrophenols
are formed as side products in this reaction).

Key words: nitrosation reaction, cyclopropyl phenyl sulfide, cyclopropyl phenyl ether,
cyclopropyl phenyl sulfoxides, phenoxyisoxazolin.
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