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Abstract—The kinetics of 4-nitrochlorobenzene (4-NCB) reactions with substituted phenols in the presence
of potassium carbonate in N,N-dimethylacetamide was studied. Depending substituents, the reactivity of the
phenolsis changed in the series 3-NO, > 4-Cl > H > 4-Br > 3-CH3 > 3-NH,, which is consistent with the series
of their acidity. The reaction rates satisfactorily correlate with the pK, values of the corresponding substituted
phenols. Based on kinetic data (first-order and zero-order reactions with respect to phenol and 4-NCB, respec-
tively, and the consistency of the reactivity and acidity of substituted phenols), the deprotonation of phenolsis
considered as the rate-determining step of the overall reaction under the test conditions. A reaction scheme was
proposed for the synthesis of diaryl ethers in the presence of potassium carbonate. It involves a heterogeneous
step of phenol deprotonation, which takes place on the surface of potassium carbonate, and ahomogeneous step
of theinteraction of potassium phenolates with 4-NCB. Under the reaction conditions, the resulting bicarbonate
decomposes with the formation of potassium carbonate and with the release of carbon dioxide and water.

INTRODUCTION

Earlier [1], we studied the reactions of 4-nitrochlo-
robenzene (4-NCB) with substituted phenolates to
form nitro derivatives of diphenyl oxide. The prepara-
tive synthesis of nitroaryl ethersis performed by thein
situ generation of phenolates from corresponding phe-
nols and akaline agents [2]. Among these agents,
potassium carbonate is most widely used. The reaction
kinetics of the formation of dinitrophenyl oxide deriva-
tives under the conditions of real syntheses (substrate,
substituted phenol, and akaline agent) was poorly
studied. The aim of thiswork was to fill this gap.

EXPERIMENTAL

The kinetics of the reactions of 4-NCB with substi-
tuted phenols in the presence of potassium carbonate
was studied in a thermostatically controlled flask
equipped with a stirrer, a reflux condenser, a capillary
for admitting nitrogen, and a thermostatically con-
trolled dropping funnel. The initial reactant concentra-
tions were equal to 4 x 10 mol/l; N,N-dimethylaceta-
mide (DMAC) was used as a solvent. The flask was
maintained at a constant temperature and purged with
nitrogen; the solvent, 4-NCB, and potassium carbonate
were loaded in a flask, and a solution of the relevant
substituted phenol in DMAC was added from the ther-
mostatically controlled funnel and stirring in anitrogen
atmosphere. To determine whether or not thereactionis
by Kinetics, the stirring intensity of the reaction mixture
was monitored with a strobotachometer. In the course
of reaction, samples were taken, cooled, and analyzed
for 4-NCB by GLC (Chrom-4 chromatograph with a

flame-ionization detector; carrier gas, nitrogen; column
length, 3 m; column diameter, 3 mm; stationary phase,
polyethylene glycol adipate; solid support, NAW; col-
umn and injector temperatures, 170 and 280°C, respec-
tively; internal standard, nitrobenzene).

Solvents (reagent grade) were additionaly dried
with akali metal hydroxides and calcium chloride and
distilled in a vacuum.

The starting chemicals (chemically pure) were addi-
tionally recrystallized.

RESULTS AND DISCUSSION

The kinetics of the interactions of 4-NCB with sub-
stituted phenolsin the presence of potassium carbonate
in a DMAC medium was studied at 130-160°C. The
reaction takes place according to the following scheme:

QQR,

where R = 3-NH,, 3-CHj;, H, 4-Cl, 4-Br, or 3-NO,.
In this case, the yields of aryl ethers were as high as
91-95 mol %.

The general features of the process were determined
for areaction of 4-NCB with phenaol in the presence of
potassium carbonate.

KOs
KCI,—CO,, H,0
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Fig. 1. Semilogarithmic kinetic curves for the reaction of
4-nitrochlorobenzenewith phenol in the presence of K,CO3
(DMAGC; 140°C; 4-NCB : K,CO3=1:5; d<0.25mm; n=
1500 rpm; [4-NCB]Jg = [phenol]y = (1) 0.05, (2) 0.04, or
(3) 0.03 mol/1).

Because potassium carbonate is amost insoluble in
DMAC, its solubility or the accessibility of its surface
for contact with reactants can be responsible for the
reaction rate. We found the process parameters at which
the reaction is not controlled by diffusion (the conver-
sion of reactantsis independent of the stirring intensity
n, the molar ratio between potassium carbonate and
phenol, and the carbonate particle size d) (Table 1).

Data in Table 1 indicates that the following condi-
tions are responsible for the kinetic region of the reac-
tion between 4-NCB with phenol in the presence of
potassium carbonate: K,CO; : phenol = 1 : 1 mol/moal,
d< 0.5 mm, and n= 1500 rpm.

Thetime dependence of the current concentration of
4-NCB at equimolecular ratios between 4-NCB, phenal,
and K,CO; and different initial concentrations of the
reactantsis described by afirst-order rate law (Fig. 1).

The linear dependence of the conversion of 4-NCB
(X) on time with an excess of phenaol indicates that the
reaction isof zero order with respect to 4-NCB (Fig. 2).
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Fig. 2. Conversion of 4-nitrochlorobenzene (X) asafunction
of timein the reaction with phenol in the presence of potas-
sium carbonate (DMAC; 140°C; 4-NCB : K,CO3=1:5;
d < 0.25 mm; n= 1500 rpm; [4-NCB]g : [phenol]o=1: 10).

The apparent rate constantsk, , for 4-NCB reactions
with substituted phenols (Table 2) were found from the
Kinetic curves similar to those shownin Fig. 1.

It follows from the above data that, depending on the
nature of substituents, the reactivity of phenolsis changed
in the order 3-NO, > 4-Cl > H > 4-Br > 3-CH; > 3-NH,,
which is consistent with their acidity series. The reac-
tion rate satisfactorily correlates with the pK, values of
phenols (Table 2). The correlation parameters are as
follows: the constant that characterizes the reaction
type p = 0.242 + 0.010, the correlation coefficient r =
0.983, and the standard deviation s = 0.08. It is likely
that the low absolute value of p for the test reaction in
comparison with p = 3.46 for the dissociation of phe-
nolsin dimethyl sulfoxide [3] is due to the fact that the
effect of substituentsin areactant onthereactionrateis
inhibited under heterogeneous reaction conditions.

A comparison of the above results with published
data[1] allowed usto notice that the effects of the same
substituents on the reaction rate were inverted on going
from the reactions of 4-NCB with phenolsin the pres-

Table 1. Conversion of 4-nitrochlorobenzene in the reaction with phenol depending on therate of stirring n, the K,CO5 par-

ticle size d, and the K,COj : phenol ratio

Conversion of 4-NCB, %

K,COj5 : phenol (d =0.25 mm; n = 1500 rpm)

d, mm (K,COgs; : phenol =

n, rpm (K,CO;3 : phenol =1: 1,

1:1, n=1500 rpm) d=0.25mm)
0 0.05 0.50 1.00 500 | 10.00 | 150 0.75 |0.25-0.50 100 300 1500 | 2500
0 20 50 65 75 75 33 53 75 58 72 80 80

Note: Reaction conditions: DMAC; 140°C; 4-NCB : phenol = 1: 1; duration, 30 min. Molar ratios between components are given.
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ence of potassium carbonate to the reactions with
potassium phenolates.

Based on kinetic data for the reactions of 4-NCB
with substituted phenols in the presence of potassium
carbonate (first-order and zero-order reactions with
respect to phenols and 4-NCB, respectively, and the
consistency between the reactivity and acidity of sub-
stituted phenols), we may believe that the deprotona-
tion of phenolsis arate-determining step in the overall
reaction under the test conditions. Esikov and Yufit
[4, 5], who studied the alkylation of acetoacetic ester in
the presence of various alkaline agents, including
potassium carbonate, have drawn a similar conclusion.
These authors believe that the partial orders of reaction
with respect to the reactants (first and zero orders with
respect to acetoacetic ester and the alkylating agent,
respectively) indicate that deprotonation istherate-lim-
iting step of the test process.

It iswell known [6] that deprotonation in the pres-
ence of K,CO, results in the degradation of the crystal
lattice of potassium carbonate. The surface becomes
coated with an inactive layer of KHCO;, and the reac-
tion is gradually decayed. However, in the processes
under consideration, the reaction was completed in
1.0-1.5 hwith no signsof completion. Thisisdueto the
fact that above 100°C (the experiments were performed
at 130-160°C) bicarbonate decomposes and forms car-
bonate, water, and carbon dioxide [7].

To interpret the above kinetic results and our previ-
ous data [1], we can propose the following scheme for
the synthesis of diaryl ethers in the presence of potas-
sium carbonate:

R R/
@o\ KOs | @o\ +KHCO3, (1)
R 0
— K o

v
+
| X X N\O_
I R—I | + KCI,
F 0 F

2KHCO3 I K2C03 + Hzo + COz. (III)

Step (1) is a heterogeneous process, which depends
on deprotonation and takes place on the surface of
potassium carbonate. The reaction rate increases with

(1)
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Table2. Rate constants of the reactions of 4-nitrochlo-
robenzene with substituted phenolsin the presence of potas-
sium carbonate

Substituent R pK,[3] kyx 104 st
3-NO, 12.1 16.60 + 0.17
4-Cl 12.7 15.00+0.14
4-Br 13.2 9.60+0.11
H 13.7 1140+ 0.12
3-CH, 13.6 7.50+£0.11
3-NH, - 520+£0.13

Note: Reaction conditions: DMAC; 140°C; 4-NCB : K,CO3 =
1:5;d=0.25 mm; n = 1500 rpm; [4-NCB]g = [phenol]g =
4.0 x 1072 mol/l.

an increase in the acidity of phenols. Under the condi-
tions of this synthesis, the resulting bi carbonate decom-
poses to form potassium carbonate and to release car-
bon dioxide and water (step (111)). Potassium pheno-
lates react with 4-NCB under homogeneous conditions
(step (11)). These reactions are described by the SNAr-
type kinetics, and they are orbital-controlled [1]. If the
energy of the highest occupied molecular orbital of the
reagent is close to the energy of the lowest unoccupied
molecular orbital of the substrate, as is the case with
potassium resorcinate [1], the radical ions of reactants
are formed, and the reaction occurs with the participa-
tion of these species.
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