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Chimica fisica. — Nucleophilic substitution of a nitro-group in 
polymtrobenzenes. III. -  Kinetics o f the reaction of 1 , 2-dinitrobenzene 
with methoxide ion in methanol solution (* (**)}. Nota di I g n a z i o  R e n a t o  

B e l l o b o n o  e G i a n  M à r c o  S a b b a d i n i ,  presentata dal Corrisp. 
M . S i m o n e t t a .

Riassunto. — La cinetica della reazione tra 1,2-dinitrobenzene e metossido di sodio 
in soluzione metanolica per dare <9~nitroanisolo è stata seguita a 15,1, 25,0, e 40,0° C. I coeffi­
cienti cinetici di pseudo primo ordine sono stati trovati in correlazione lineare non con la 
concentrazione dell’alcossido (nell’ intervallo 0,25-1,24 M), bensì con l’attività dello ione 
metossido. Si sono potute così ottenere in modo consistente costanti cinetiche bimolecolari.

i .  -  In t r o d u c t io n .

Kinetics of the reaction between 1,2-dinitrobenzene and m ethoxide ion 
in m ethanol solution to yield 0—nitroanisole and nitrite ion was first investigated 
by L obry de B ruyn and Steger [1-3], and more recently by Tom m ila and 
M urto [4], in connection with the studies of these latter A uthors on the 
influence of solvent (m ethanol, ethanol, and water-alcohol m ixtures) on 
reaction velocity. T he 6>~dinitrobenzene was found to react m ore slowly than  
the ^ ra - is o m e r id e  in anhydrous alcohol. The influence of m ethoxide con­
centration on reaction ra te  was system atically examined, only at 20°C, by 
Schaal and L atour [5]. As for the case of 1,4-dinitrobenzene, pseudo- 
first order ra te  constants (k )̂ were found to be correlated not with concentra­
tion of alkoxide, but w ith H am m ett function //m  defined for concentrated 
m ethoxide solutions by:

AG log ^Ch3oH+ / a-
/ ah

where <2CH3oh+ *s the activity  of CHsOH^ ion and f  are m olar activity  coef­
ficients of the acid-base couples (AH/A~) which were used to determ ine the 
H am m ett function H u . A  linear relation between log k\ and H M was in fact 
observed.

In  a previous paper [6], kinetic data  relative to the nucleophilic substi­
tution of a nitro-group in 1,4-dinitrobenzene by m ethoxide ion in m ethanol

(*) Ricerca compiuta presso l ’Istituto di Chimica Fisica dell’Università di Milano, 
con il contributo finanziario del C.N.R., che qui si ringrazia.

(**) Nella seduta del 14 febbraio 1970.
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solution were found to give consistent bimolecular rate constants, when using 
activities of methoxide ion instead of concentrations.

The same, treatment is now extended to the similar reaction of the 
07^0-isomeride.

2. -  Experimental.
2.1. — M aterials.

R eagent grade 1,2-dinitrobenzene was recrystallized from m ethyl alcohol 
to constant m elting point (m.p. i i 8°C).

A nhydrous m ethanol and sodium  m ethoxide solutions were prepared 
as previously described [7].

Table I.
Pseudo-first order rate constants fo r  the nucleophilic substitution of a nitro-group 

in 1,2-dinitrobenzene by methoxide ion in methanol solution.

Sodium methoxide 
concentration 

(M)

ki

(M—1 s""1)
(JOIO 25.o° c 40. o° C

0 . 2 5 9 — I . 7 2  x  IO“ 4

0 . 3 2 7 — — 2 . 0 7  X  IO“ 4

0 . 4 6 0 — 3 . 4 2  X  IO“ 4

0 . 5 6 0 — 4 . 8 4  X  IO“ 4

0 . 6 4 7 — 1 . 4 8  X  IO“ 4 —

0 . 6 6 1 — — 7 . 3 1  X  IO“ 4

0 . 7 1 1 — — 8 . 6 6  X  IO“ 4

0 . 7 8 5 — 2 . 6 3  X  IO“ 4 —

0 . 7 9 2 8 . 8 9  X  IO“ 5 — —

0 . 8 5 2 9 . 4 0  X  IO“ 5 — —

0 . 9 2 1 I . 2 3  X  I O - 4 — —-

0 - 9 3 9 — 3 . 5 1  X  1 0 - 4 —

0 . 9 9 5 — 3 . 5 6  X  IO“ 4 —

1 . 0 7 5 1 . 5 9  X  IO“ 4 — —

1 . 0 9 5 — 4 . 1 8  X  IO- 4 —

1 . 1 0 9 — 4 . 4 5  x  1 0 - 4 —

1 . 1 9 6 2 . 0 4  x I O “4 — —

1 - 2 3 9 — 4 . 1 6  X  IO“ 4 —
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2.2. — Kinetics.

Solutions of 1,2-dinitrobenzene and sodium  m ethoxide in anhydrous 
m ethanol were therm ostated separately and m ixed for kinetic m easurem ents. 
Concentrations after m ixing were 6 . 0 5 X i o ~ 5 M  and 0.25-1.24 M  respec­
tively.

R eaction vessels were protected from light and therm ostated at 15.1, 
25.0 and 40.0 °C. Sam ples were rem oved and analyzed spectrophotom etrically 
by a Beckm an DU apparatus, equipped with a therm ostated cell com partm ent 
(constancy of tem perature w ithin ±  0.05° C). Increase of absorbance at 
320 nm, due to form ation of o-nitroanisole [5] was followed as a function 
of time. T he pseudo-first order constant kx was obtained by  plots of 
log (A ̂ — A t) vs. t, where A  are the absorbances at t  or infinite time. T he 
plots were linear up to 85-90 % reaction. Experim ental results are collected 
in T able I.

3. -  Results and discussion.

Kinetics of reaction between 1,2-dinitrobenzene and sodium m ethoxide 
in  m ethanol solution was m easured with the same initial concentration of the 
nitro-com pound (6 .0 5 X I0 -5M) in all runs and variable concentrations of 
alkoxide (0.25—1.24M), at 15.I1 25.0, and 4O.o0 C, by spectrophotom etric

Fig. I . -  Pseudo-first order rate constants for the nucleophilic substitution of 
a nitro-group in 1,2-dinitrobenzene at 40.o° C, by methoxide ion in methanol 

solution, as a function of methoxide ion activity.
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analysis of the ra te of form ation of the product (<9-nitroanisole). As for 
the case of i,4~dinitrobenzene, in the experim ental conditions employed 
reaction occurred in absence of m easurable concentration of any sodium 
m ethoxide addition complex. Observed pseudo-first order ra te constants 
(Table I) were not a linear function of m ethoxide concentration. A fairly 
satisfactory linearity  was instead exhibited by plots of vs. activity  of 
m ethoxide ion, this latter being evaluated by the same m ethod described 
for the sim ilar reaction of ^ -d in itrobenzene [6]. An example of such plots 
is shown in fig. 1. From  these plots consistent values of the second order

Fig. 2. -  Arrhenius plot of bimolecular rate constants for the nucleophilic substitution 
of a nitro-group in i,2-dinitrobenzene by methoxide ion in methanol solution.

ra te constants could be obtained. T hey  are reported in T able II, together 
with the value calculated from literature data  [5] at 200 C. All values are 
corrected for therm al expansion of solutions at the tem peratures at which 
kinetics were run. The value at 20° C and those measured in the present paper 
fit the A rrhenius plot (fig. 2) quite satisfactorily. In  fig. 2 the values of the 
second o rder ra te constants relative to experim ents by L obry de B ruyn and 
Steger [1—3] j (see reference [4]) are also reported, with a correction of about 
0.12 in log ku (shown by a dash), including the effect of activity  coefficients 
of m ethoxide ion (see reference [6]) at a concentration of 5 X io~2M as employed 
by the cited A uthors. These corrected values show a better correlation with
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the present m easurem ents than  the uncorrected ones. T aking into account 
all experim ental data  available, the activation energy ( A =  19.9 Kcal/gmole) 
and the frequency factor (log A  =  11.20, A  in M ” * 1 2 3 4 5 6 7 s“*1) can be calculated.

T a b le  II.
Second order rate constants fo r  nucleophilic substitution of a nitro- 
group in 1,2—dinitrobenzene by methoxide ion in methanol solution.

Temperature kn
(°C) (M—1 s“ 1)

I5. I 5.56 X 10-5

20.0 9.76 X IO~5 <«>

25.O 1.49 X IO“4

4O.O 7.98 X 10-4

(a) value calculated by the ^i/^ch3o~ pi°t from k\ data of reference [5].

It m ay be em phasized th a t reaction of i,2-dinitrobenzene with m ethoxide 
ion, sim ilarly to th a t of the ^>^ra-isomeride and to the more complex case 
of 1,3,5-trinitrobenzene, can be conveniently interpreted in term s of acti­
vities of m ethoxide ions, which allow to obtain consistent bim olecular rate 
constants over a very wide range of m ethoxide concentrations, despite some 
approxim ations involved in this type of treatm ent.
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