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ÑÂßÇÜ ÏÎÊÀÇÀÒÅËÅÉ ÏÎÆÀÐÍÎÉ ÎÏÀÑÍÎÑÒÈ
Ñ ÕÈÌÈ×ÅÑÊÈÌ ÑÒÐÎÅÍÈÅÌ. XIX. ÍÈÒÐÎÀÖÅÒÀÒÛ

Ïðîâåäåíî QSPR-èññëåäîâàíèå â ðÿäó íèòðîàöåòàòîâ. Ïîêàçàíî, ÷òî ïðè òåìïåðàòóðå êèïåíèÿ
èññëåäóåìûå ñîåäèíåíèÿ ñóùåñòâóþò â ñìåñè êåòî- è îäíîé èç åíîëüíîé ôîðì. Ïðè òåìïåðàòóðå
âñïûøêè â ïàðîâîé ôàçå ïðèñóòñòâóþò âñå òðè òàóòîìåðà:

Óñòàíîâëåíî, ÷òî ïðîãíîçèðîâàíèå òåìïåðàòóðû êèïåíèÿ è âñïûøêè ïî îäíîé èçîìåðíîé ôîðìå
äàåò íåïðèåìëåìûå ðåçóëüòàòû. Ñ ïîìîùüþ ïðîãðàìì ACD/Lab 2014 è TEST ðàññ÷èòàíû òåìïå-
ðàòóðû êèïåíèÿ è âñïûøêè êåòî- è åíîëüíûõ òàóòîìåðîâ íèòðîóêñóñíûõ ýôèðîâ è èçîìåðíûõ
ñìåñåé. Íàéäåíî, ÷òî ñ ïîìîùüþ ìåòîäà óãëåðîäíîé öåïè ìîæíî ñ òî÷íîñòüþ äî 1–4 ãðàäóñîâ
ñäåëàòü ïðîãíîç òåìïåðàòóð âñïûøêè íèòðîàöåòàòîâ. Äëÿ óäîáñòâà ïðèìåíåíèÿ äàííîãî ìåòîäà
ïðåäëîæåíî óðàâíåíèå: Òâñï = –0,0833x

3 + 1,75x
2 – 4,5238x + 361,57 (ãäå õ – ÷èñëî àòîìîâ óãëå-

ðîäà â ìîëåêóëå).

Êëþ÷åâûå ñëîâà: ýôèð; íèòðîàöåòàò; òåìïåðàòóðà âñïûøêè; ïðîãíîç; õåìîèíôîðìàòèêà.

DOI: 10.18322/PVB.2015.24.07.17-27

Îäíèì èç íàïðàâëåíèé õåìîèíôîðìàòèêè ÿâëÿåòñÿ

ïîèñê âçàèìîñâÿçè ìåæäó õèìè÷åñêèì ñòðîåíèåì è

ñâîéñòâàìè îðãàíè÷åñêèõ ñîåäèíåíèé. Â ýòîé îáëà-

ñòè óæå äîñòèãíóò îïðåäåëåííûé ïðîãðåññ, ÷òî íà-

øëî îòðàæåíèå â öåëîì ðÿäå îáçîðîâ, ìîíîãðàôèé è

äèññåðòàöèé [1–39].

Íàñòîÿùàÿ ðàáîòà ïðîäîëæàåò íà÷àòûé íàìè

öèêë èññëåäîâàíèé ïî êîððåëÿöèè ìåæäó õèìè÷å-

ñêèì ñòðîåíèåì è ïîæàðíîé îïàñíîñòüþ ðàçëè÷íûõ

êëàññîâ îðãàíè÷åñêèõ ñîåäèíåíèé [40–57]. Îáúåê-

òîì íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿþòñÿ íèòðîàöå-

òàòû, â ÷àñòíîñòè íèòðîóêñóñíûé ýôèð (R=C2H5).

Îí øèðîêî ïðèìåíÿåòñÿ â òîíêîì îðãàíè÷åñêîì ñèí-

òåçå ðàçëè÷íûõ ñîåäèíåíèé, âêëþ÷àÿ ïðîòèâîâè-

ðóñíûé ïðåïàðàò øèðîêîãî ñïåêòðà äåéñòâèÿ òðè-

àçàâèðèí [58], êîòîðûé ìîæåò èñïîëüçîâàòüñÿ äëÿ

áîðüáû ñ òàêèìè çëîáîäíåâíûìè çàáîëåâàíèÿìè,

êàê ëèõîðàäêà Ýáîëà, ïòè÷èé è ñâèíîé ãðèïï [59].

Íåîáõîäèìî îòìåòèòü, ÷òî àöèêëè÷åñêèå ïðîèç-

âîäíûå íèòðîóêñóñíîãî ýôèðà (I) ñóùåñòâóþò ëèáî

â êåòîôîðìå, ëèáî â ñìåñè êåòîèçîìåðà ñ îäíèì èç

åíîëüíûõ òàóòîìåðîâ (ñì. ðèñóíîê) [60].

Â òàáëèöå ïðåäñòàâëåíû ñïðàâî÷íûå è ðàñ÷åòíûå

äàííûå ïî òåìïåðàòóðàì êèïåíèÿ è âñïûøêè íèòðî-

ýôèðîâ (II)–(VIII). Ïðîãíîçèðîâàíèå òåìïåðàòóð êè-

ïåíèÿ è âñïûøêè âûïîëíåíî ñ ïîìîùüþ ñïåöèàëü-

íîãî ïðîãðàììíîãî îáåñïå÷åíèÿ ACD�Lab 2014 (Ad-

vanced Chemistry Development, Inc., Canada) è TEST,

âåðñèÿ 4.1 (Environmental Protection Agency, USA)

äëÿ êåòî- è åíîëüíûõ ôîðì è ñìåñåé èçîìåðîâ. Òåì-
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Ñîåäèíåíèå R Òêèï, Ê Îøèáêà, Ê Òâñï, Ê Îøèáêà, Ê

II ÑÍ3 468–471 – – –

IIa ÑÍ3

4721 2,5 3541 8

4702 0,5 3782 16

4473 22,5 3443 22

4454 24,5 3634 3

IIb ÑÍ3

4661 3,5 3431 19

– – 3853 23

– – 4034 41

IIc ÑÍ3 5471 77,5 3911 29

IIa + IIb ÑÍ3 4691 0,5 3491 13

IIa + IIc ÑÍ3 5101 40,5 3731 11

IIa + IIb + IIc ÑÍ3 4951 25,5

362
1

361

361*

–

1

1

III CH2CH3

513
5

515–518
500–502

–
366

5

365
–

IIIa CH2CH3

4841 29 3571 9

4822 31 3652 1

4513 62 3603 6

4574 56 3664 0

IIIb CH2CH3 4731 40 3481 18

IIIc CH2CH3 5491 36 3941

IIIa + IIIb CH2CH3 4791 35 3531 13

IIIa + IIIc CH2CH3 5171 4 3761 10

IIIa + IIIb + IIIc CH2CH3 5021 11

3661

367

366*

0

1

0

IVa (CH2)2CH3

4751 41 3611 11

4753 41 3673 5

4754 41 3774 5

IVb (CH2)2CH3 4881 28 3571 15

IVc (CH2)2CH3 5571 41 3991 27

IVa + IVb (CH2)2CH3 4822 34 3591 13

IVa + IVc (CH2)2CH3 516
1 – 3801 8

IVa + IVb + IVc (CH2)2CH3 5071 9

372
1

374

372*

–

2

0

Va (CH2)3CH3

4921 38 3651 17

4843 46 3653 17

4904 40 3834 1

Òåìïåðàòóðû êèïåíèÿ è âñïûøêè ñîåäèíåíèé II–VIII

Ïðîèçâîäíûå íèòðîóêñóñíîãî ýôèðà
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Ñîåäèíåíèå R Òêèï, Ê Îøèáêà, Ê Òâñï, Ê Îøèáêà, Ê

Vb (CH2)3CH3 5061 24 3681 14

Vc (CH2)3CH3 5681 38 4051 23

Va + Vb (CH2)3CH3 4991 31 3701 12

Va + Vc (CH2)3CH3 530
1 – 3891 7

Va + Vb + Vc (CH2)3CH3 5221 8

382
1

379

379*

–

3

3

VIa (CH2)4CH3

5111 36 3701 15

4973 50 3713 14

– – 3904 5

VIb (CH2)4CH3 5231 24 3731 12

VIc (CH2)4CH3 5831 36 4131 28

VIa + VIb (CH2)4CH3 5171 30 3722 13

VIa + VIc (CH2)4CH3 547
1 – 3921 7

VIa + VIb + VIc (CH2)4CH3 5391 8

385
1

389

387*

–

4

2

VIIa (CH2)5CH3

5291 33 3741 21

5223 40 3783 17

– – 3984 3

VIIb (CH2)5CH3

5411 21 3891 6

– – 4173 22

– – 4604 65

VIIc (CH2)5CH3 5941 32 4211 26

VIIa + VIIb (CH2)5CH3 5351 27 3821 13

VIIa + VIIc (CH2)5CH3 562
1 – 3981 3

VIIa + VIIb + VIIc (CH2)5CH3 5551 7

395
1

394

395

–

1

0

VIIIa (CH2)6CH3

5471 30 3781 24

5243 53 3801 22

VIIIb (CH2)6CH3

5591 18 3991 3

– – 4013 1

VIIIc (CH2)6CH3 6071 30 4291 27

VIIIa + VIIIb (CH2)6CH3 5531 24 3891 13

VIIIa + VIIIc (CH2)6CH3 577
1 – 4041 2

VIIIa + VIIIb + VIIIc (CH2)6CH3 5711 6

402
1

399

402

–

3

0

Ï ð è ì å ÷ à í è ÿ :

1. Íîðìàëüíûì øðèôòîì ïðèâåäåíû ýêñïåðèìåíòàëüíûå äàííûå èç áàçû äàííûõ ACD�Lab. Êóðñèâîì âûäåëåíû ðàñ÷åòíûå

äàííûå; êóðñèâîì ñ ïîä÷åðêèâàíèåì — äàííûå, ïîëó÷åííûå ïî ìåòîäó óãëåðîäíîé öåïè; êóðñèâîì ñî çâåçäî÷êîé — ïî

ïðåäëîæåííîìó óðàâíåíèþ (1); æèðíûì øðèôòîì — çíà÷åíèÿ, âçÿòûå â êà÷åñòâå ýòàëîíà äëÿ ñðàâíåíèÿ.

2. Èíäåêñàìè 1–4 îáîçíà÷åíû äàííûå, ïîëó÷åííûå ñîîòâåòñòâåííî ïî ìåòîäó ïðîãðàììû ACD�Lab, ïî ìåòîäó ïðîãðàììû

ACD�Lab ïî äàííûì õèìè÷åñêîé áàçû ChemSpider, ïî ìåòîäó ñðåäíåãî çíà÷åíèÿ (Consensus Method) ïðîãðàììû TEST, ïî ìå-

òîäó èåðàðõè÷åñêîé êëàñòåðèçàöèè (Hierarchical Ñlustering Method) ïðîãðàììû TEST.

3. Èíäåêñîì 5 îáîçíà÷åíû äàííûå, ïîëó÷åííûå àâòîðàìè.

Îêîí÷àíèå òàáëèöû
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ïåðàòóðû êèïåíèÿ è âñïûøêè ñìåñåé èçîìåðîâ îïðå-

äåëåíû êàê ñðåäíèå çíà÷åíèÿ ïîêàçàòåëåé ÷èñòûõ

èçîìåðîâ. Íà îñíîâàíèè ñîïîñòàâëåíèÿ ýêñïåðèìåí-

òàëüíûõ äàííûõ ñ ðåçóëüòàòàìè ïðîãíîçà äëÿ ìåòè-

ëîâîãî (II) è ýòèëîâîãî (III) ýôèðîâ (ñì. òàáëèöó)

ìîæíî ñäåëàòü âûâîä, ÷òî íèòðîóêñóñíûå ýôèðû (II)–

(VIII) ïðè êèïåíèè ñóùåñòâóþò â ñìåñè êåòî- è îäíîé

èç åíîëüíîé ôîðì, à ïðè òåìïåðàòóðå âñïûøêè â ïà-

ðîâîé ôàçå ïðèñóòñòâóþò âñå òðè èçîìåðà. Ñ ó÷åòîì

ýòîãî âûáðàíû ñîîòâåòñòâóþùèå ýòàëîíû äëÿ ñðàâ-

íåíèÿ ðåçóëüòàòîâ ðàñ÷åòà òåìïåðàòóð êèïåíèÿ è

âñïûøêè íèòðîàöåòàòîâ.

Â ïðåäûäóùèõ èññëåäîâàíèÿõ [40–57] íà ðàçëè÷-

íûõ êëàññàõ îðãàíè÷åñêèõ ñîåäèíåíèé óñïåøíî àï-

ðîáèðîâàí ìåòîä óãëåðîäíîé öåïè (ÌÓÖ). Â ñëó÷àå

íèòðîàöåòàòîâ îí òàêæå ïîçâîëÿåò ñ òî÷íîñòüþ 1–4 Ê

ïðåäñêàçûâàòü òåìïåðàòóðó âñïûøêè ñìåñè èçîìå-

ðîâ íèòðîàöåòàòîâ (ñì. òàáëèöó). Äëÿ óäîáñòâà ïðè-

ìåíåíèÿ ÌÓÖ ìîæíî âîñïîëüçîâàòüñÿ ñëåäóþùèì

ýìïèðè÷åñêèì óðàâíåíèåì:

Òâñï = –0,0833x3 + 1,75x2 – 4,5238x +

+ 361,57 (r 2 = 0,9906),
(1)

ãäå õ — ÷èñëî àòîìîâ óãëåðîäà â ìîëåêóëå.

Â çàêëþ÷åíèå îòìåòèì, ÷òî ïðè ïðîãíîçèðîâàíèè

òåìïåðàòóð êèïåíèÿ è âñïûøêè íèòðîàöåòàòîâ íå-

îáõîäèìî ó÷èòûâàòü òàóòîìåðíûå ðàâíîâåñèÿ, ïî-

ýòîìó ðàñ÷åòû ýòèõ ïîêàçàòåëåé ïî ÷èñòîìó èçîìåðó

íå äàþò ïðèåìëåìûõ ðåçóëüòàòîâ.
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ABSTRACT

QSPR research in the number of nitroacetates is carried out. It is shown that at the boiling point these

compounds exist in mix the keto form and one of the enol forms. There are all three tautomers at flash

point in a vapor phase:

It is established that prediction of the boiling and flash points for one of tautomer forms gives

unacceptable results. Boiling and flash points of the keto and enol tautomers of nitroacetic esters and

isomeric mixtures was calculated by ACD�Lab 2014 and TEST programs. It was found that flash

points of nitroesters can be predicted up to 1–4 degrees using the method of the carbon chain.

Empirical equations FP = –0,0833x3 + 1,75x2 – 4,5238x + 361,57 (where x is number of carbon atoms

in a molecule) has proposed for the convenience using of this method.

Keywords: esters; nitroacetate; flash point; predict; chemoinformatics.
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