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The polarographic method developed by us (1) for the analysis of nitrocyclohex-
ane (NCH) has made it possible to study the kinetics and equilibrium of the
nitro-aci tautomeric transformation of NCH. In contrast to analogous polaro-
graphic studies of other nitro compounds (*3), we have studied not only the
nitro-aci transformation and the reverse reaction, but also the corresponding
equilibrium*. The nitro form of NCH gives a distinct wave over a wide pH
range; the aci form of NCH is not reduced at the dropping mercury electrode.

Fig. 1

The initial solutions of NCH (~ 0.01 M) were prepared in water or in alkali,
depending on the direction in which the reaction was being studied. Citrate-
phosphate and borax-alkali buffer mixtures, with KCI added to maintain a con-
stant ionic strength u = 1.0-1.4, served as the background. The concentration
of the nitro form of NCH was recorded with an electronic polarograph PE-312.
The nitro-aci (N — A) transformation was studied in the pH range 8-12, and
the reverse reaction was studied at pH 3-9.5. The study was carried out at
temperatures of 25, 32, 40, and 50°C.

Figure 1 shows the dependence of the ratio C . /C,, on pH at 25°C, where C|,
is the initial concentration of NCH in the nitro or aci form, and C_, is the
concentration of the nitro form of NCH after completion of the reaction.

As is seen from Fig. 1, at pH > 9.5 the nitro form of NCH is completely
converted into the aci form, while at pH 4.5-7.0 the aci form can be completely
converted into the nitro form. At pH 7.0-9.5 an equilibrium is observed, which
can be reached from either side. The decrease in C,/Cj at pH < 4.5 (A — N)
is apparently explained by the simultaneous conversion, at low pH, of the aci
form into cyclohexanone according to the Nef reaction (°).
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The kinetic data obtained are well described by the following equations (Figs.
2, 3, 4; h is the wave height):

2.3 C
Koaoy- = Ky = Fa lgi (N — A); (1)
K/ 23 C C
0 g, =20 T T (4, N), )
4 G Ol t Cy "Co—Cy
K, KK,

* The possibility of a polarographic study of the aci-nitro transformation of
nitromethane is indicated in (4).

where C'y is the concentration of the nitro form at time ¢; K is the experimental
rate constant of the reaction N — A at pH = const; K, is the same for the
reaction A — N; K, K, K, K, are constants at the given ionic strength; ay.
and aqp- are the activities of hydrogen and hydroxyl ions.

At pH = const, equation (1) corresponds to a first-order reaction and in this part
agrees with the data (>?) on the nitro-aci transformation of other substances.

Equation (2) at pH = const and in the region of complete transformation A — N
(pH 4.5-7.0) also corresponds to a first-order reaction, while at less than 100%
yield of the nitro form (pH < 4.5) it corresponds to two parallel first-order
reactions.

Fig. 2. 1-pH 10.8, hy = 7.6 cm, h, = 0; 2—pH 4.0, hy = 7.5 cm, h =5.7; 3
—pH 5.0, hg =h =7.8; 4—pH 11.6, hy = 7.6 cm, h, =0. For 1,4, N — A,

h
:1 _—
x gtv
for 2,3, A— N,
x—hﬁl 7h°°
" hy Cho —hy

The values of Ky and K4 at 25° and different pH values are given in Table 1.
The dependence lg K y—pH is linear (Fig. 3), while the dependence 1g K ,—pH
passes through a maximum at pH ~ 5 (Fig. 4).

On the basis of ideas about acid-base catalysis of the nitro-aci tautomeric trans-
formation (%), we shall adopt the following mechanism for the reactions studied:
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Fig. 3
Figure 2: Fig. 3
Fig. 4

Figure 3: Fig. 4

H HY
Nef reaction +— [CzHy, : NO,HHY = CiH,,: NO,H =
K(/]/ K2 Kl

H*, K} (3)

H' 2 CoHyg s NO; ———s CgH;yNOy,

f slow stage

_ OH, K,
CGHIO : NO2 — CGH11N027

slow stage

where K, K, K are the corresponding rate constants,

[CeHyp : NO, J[H"]

K =
! [CGHIO ; NozH] 7

K, is the same for the protonated complex: [C4H,, : NO,HJHT.

The adopted reaction mechanism makes it possible to obtain kinetic equations
coinciding with the experimental equations (1) and (2) for the following values of
the constants (25°): K, = 50 (mol/1)"!-min"', K = 2.8-10% (mol/1)~* -min ",
K/ =011min !, K, =4.3-1077, and K, = 2.3 1074,

In Fig. 4 the points are experimental data, and the curves are calculated. In the
calculations, the corresponding activities were used instead of Cly: and Coy-.

It follows from the mechanism considered that in the limiting stage of the Nef
reaction (at pH < 4.5) the protonated complex [C4H;, : NO,HJHT participates.
Such an assumption agrees with the indication of acid participation in analogous
reactions (7).

Since at pH > 9.7 the isomerization reaction of NCG is catalyzed by hydroxyl
ions, and at pH < 7 by hydrogen ions, the equilibrium constant cannot be
calculated from the ratio K,/K(. The results of a direct determination of the
equilibrium constant (in studying the equilibrium N &= A in the pH range 7.0-
9.5) are presented in Table 2 (25°). The equilibrium constant was calculated
from the equation:

Fig. 3
Fig. 4

sovietrxiv.org/items/ru-196001.00649 Machine Translation


https://sovietrxiv.org/items/ru-196001.00649

K — [CeHip : NOy | ag-
b [CeHyp : NOy]

To determine [CgH;, : NO3], the values K; and K, were used.
Table 1

pH Ky, min! pH K,, min~!

9.7 34-103% 3.1 3.0-1072

10.0 6.4-1073 3.8 5.6-1072
10.2 7.8-1073 4.0 7.5-1072

10.8 48-1072 4.6 0.10
11.2 0.12 5.0 0.11
11.6 0.29 5.2 9.5-1072
11.8 0.38 56  9.8-102

5.9 8.1-1072
6.3 6.1-1072
7.0 2.3.-1072

Table 2

pH Initial form of NCG = C/C, K, - 10°
7.9 aci 0.67 6.1
7.9 aci 0.65 6.8
7.9 nitro 0.70 5.3
7.9 nitro 0.65 6.8
8.2 aci 0.51 6.0
9.4 aci 0.10 3.5
9.4 nitro 0.11 3.1

5.0+ 1.0

From Table 2 one sees good agreement of the data for K, when approaching
equilibrium from both sides. From the linear plots lg Ky, —1/T and lg K —1/T,
the activation energies of the processes were found: N — A, 18.4 kcal/mol, and
A — N, 16.0 kcal /mol.
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