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Sodium hydroxide reacts with x-(4-nitrobenzylthio)-acetic acid in aqueous-dioxane media to 
give 4,4'-diformylazoxybenzene as the main product besides 4,4'-dicarboxyazoxybenzene and a 
nitrone acid. This reaction was kinetically studied in presence of excess of alkali in different 
dioxane-water media at different temperatures. It started by a fast reversible a-proton abstrac-
tion step followed by two consecutive irreversible first-order steps forming two intermediates 
(x-hydroxy, 4-nitrosobenzylthio)-acetic acid and 4-nitrosobenzaldehyde. The latter underwent a 
Cannizzaro's reaction, the products of which changed in the reaction medium into 4,4'-diformyl-
azoxybenzene and 4,4'-dicarboxyazoxybenzene. The rate constants and the thermodynamic 
parameters of the two consecutive steps were calculated and discussed. A mechanism was put 
forward for the formation of the nitrone acid. 

Other six 4-nitrobenzyl, aryl sulphides were qualitatively studied and they gave mainly 4,4'-di-
formylazoxybenzene beside 4,4'-dicarboxyazoxybenzene or its corresponding azo acid. 

Introduetion 

The prepara t ion of azoxy- and azo-compounds 
directly f rom nitro aromatics under mildly reducing 
condit ions has for long being attractive for chemists 
[ 1 - 7 ] . 

The present report is a kinetic study of the action 
of alkali on a-(4-nitrobenzylthio)-acetic acid (I), 
and the like, in order to reach a factual mechanism 
for its transformation into 4,4-diformyazoxybenzene. 

Experimental 

Action of alkali on y.-(4-nitrohenzvthio)-acetic acid 
[8. 9] 

a) In 50% a q u e o u s d i o x a n e 

The acid (3 g) was dissolved in 25 ml d ioxane and 
25 ml 10% aqueous sodium hydroxide. Boiling for 
one minute, cooling, di lut ion and fi l teration gave a 
solid (1.27 g) that crystallized f rom benzene, m.p . 
190° undepressed when mixed with an authent ic 
specimen of 4 ,4 ' -diformylazoxybenzene. Acidif ica-
tion of the Alkaline filtrate evolved hydrogen sul-
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phide and gave a precipi ta te (0.53 g), which was a 
mixture of two acids, one soluble in boiling ethanol 
(0.37 g) while the insoluble part was (0.16 g). 

(i) The soluble part in boil ing ethanol decom-
posed at 360° and was identif ied as a ni trone 
having a molecular fo rmula C ] 8 Hi 6 N20 8 S 2 (452): 
requires: N, 6.2%; found N, 6.2%. Its molecular 
weight according to Rast 's me thod [10] was found to 
be 450 ± 3 . IR (KBr disk): 1600 (aromatic rings), 
1580 ( O N ) [11, 12] and 1280 cm'1 (N O) [13]; 
UV 1 x 10~4 in 2 x 10~4 M N a O H (50% aq. dioxane) 
/ . m a x = 3 4 0 n m log e = 4.5 ( n - n * transition ) [11, 13, 
14]: ' H - N M R (DMSO): 0 = 1.2 (s, 4H, 2CH 2 ) , 1.85 
(s, 2 H , C H O H ) , 7 . 4 - 8 . 4 (m, 8H, aromatic) and 
10.15 ( s , 2 H , acidic). 

(ii) The insoluble acid in boiling ethanol was 
crystallized f rom dilute acetic acid, did not melt up 
till 360° was identif ied as 4,4'-dicarboxyazoxy-
benzene [5]. C1 4H1 0N2O5 requires: C, 58.7; H, 3.5; 
N, 9.8%. F o u n d : C, 58.9; H, 4.0; N, 9.67%. IR (KBr 
disk): 3100 - 2550 (OH), 1698 (C = 0 ) , 1425 (N = N) 
[15] and 1290 C m " 1 (N O) [15]. UV 1 x 10~4 in 
2 x 10~4 M N a O H (50% aq. dioxane) ;.max = 334 nm 
log e = 4.3. ' H - N M R ( D M S O ) : <5- 7 .9 -8 .5 (m, 8H, 
aromatic) and 10.15 (d, 2 H , acidic). 

b) In d e u t e r i u m o x i d e m e d i u m 

I (1.5 g) was dissolved in 25 ml of a 5% solution of 
sodium hydroxide in deu te r ium oxide, and left at 
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med ium in a similar way to L The reactions 
products are given in Table 1. 

The procedure used to pur i fy the 1,4-dioxane has 
been described elsewhere [17], 

Kinetic procedure 

The reaction of I and sodium hydroxide was 
followed by measur ing the ultraviolet-visible ab-
sorption of the reaction at 420 nm using a Uni-
cam 1805 SP spec t rophotometer coupled with an 
ul t ra thermostate . One ml of each of the reactant 
solutions, I ( 2 X 1 0 _ 3 M in appropr ia te dioxane-
water mixture) and sodium hydroxide (2 x 10 - 1 M 
in water) were separately introduced into the two 
parts of the two compar tmen t cell whose thickness 
was 0.437 C m (Hellma, 238-QS) and thermosta ted 
for 15 min. Af ter shaking the cell contents, 5 - 1 0 s, 
the absorpt ion of the reaction mixture was recorded 
at suitable t ime intervals. 

Results and Calculations 

The reaction of aqueous sodium hydroxide on I 
was found to give, besides the already known 4,4'-
d i formylazoxybenzene (73.3%), two other acids, 
namely, 4 ,4 ' -dicarboxyazoxybenzene (8.41%) and a 
ni trone acid (IV) (12.74%). 

The reaction was studied kinetically in d i f ferent 
aqueous-d ioxane media containing 5, 10, 20, 30, 40, 
and 50% (v/v) d ioxane at 35, 45, 55 and 65° . T h e 

Table 1. Products of the action of sodium hydroxide on 
aqueous or in 50% aqueous dioxane. 

some 4-nitrobenzyl, aryl sulphide in 

Aryl group Percipitate after heating 
and dilution 

Material set free 
after acidification 

phenyl [18] 4,4'-diformylazoxybenzene thiophenol and 
4,4'-dicarboxyazobenzene 

4-methyl phenyl 4,4'-diformylazoxybenzene 4-methyl thiophenol 
and 4,4'-dicarboxyazo-
benzene 

2-carboxy phenyl [20] 4,4'-diformylazoxybenzene disulphide of 
2-thiolbenzoic acid [21] 

4-methoxy phenyl [19] 4,4'-diformylazoxybenzene 4-methoxy thiophenol 
and 4,4'-dicarboxyazoxy-
benzene 

4-chloro phenyl [19] 4,4'-diformylazoxybenzene 4-chloro thiophenol and 
4,4'-dicarboxyazoxybenzene 

4-nitrobenzyl [22] 4,4'-diformylazoxybenzene disulphide of 
4-nitrobenzylthiol [23] 

room tempera ture for 30 min. The reaction was 
interrupted by acidification, the unreacted acid was 
recovered, crystallized f rom dilute ethanol and its 
' H - N M R (DMSO) spectrum was compared with 
that of pure starting acid. For I <3=3.15 (s, 2 H , 
- C H 2 C O O " ) , 3.95 (s, 2 H , benzylic) while for the 
recovered acid there was about 15% decrease in the 
intensity of the signal corresponding to the benzylic 
hydrogens, which meant that H / D exchange took 
place. 

Action of sodium methoxide on I in absolute methanol 

The acid (0.58 g) was dissolved in dry methanol 
(25 ml), treated with 0.2 N sodium methoxide 
(25 ml). The mixture was refluxed for 24 h. N o 
reaction took place. Acidif icat ion and dilut ion 
precipitated the starting acid. 

Action of sodium hydroxide on 4-nitrosobenzaldehvde 
[16] 

The reaction did not give the expected products, 
namely, 4-nitrosobenzyl alcohol and 4-nitrosobenzoic 
acid, but gave equimolecular quant i t ies of 4,4'-di-
formylazoxybenzene and 4,4 ' -dicarboxyazoxyben-
zene. 

Action of sodium hydroxide on some 4-nitrobenzyl, 
arvl sulphides 

Each of the following compounds was treated 
with sodium hydroxide in 50% aqueous dioxane 
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Table 2. Rate constants k} and k2 for the consecutive reac-
tion between sodium hydroxide and x-(4-nitrobenzylthio)-
acetic acid in dioxane-water mixtures. 

/ [°C] k- 104 dioxane [vol %1 
LT-ll 

J 

10 20 30 40 50 

35 2.47 3.28 1.81 1.81 1.45 
± 0 . 1 4 ± 0 . 2 9 ± 0 . 1 3 ± 0 . 1 5 ± 0 . 0 8 

k2 0.90 1.07 2.65 2.33 1.91 k2 
± 0 . 0 5 ± 0 . 0 8 ± 0 . 2 8 ± 0 . 2 4 ± 0 . 1 5 

45 k\ 6.76 5.97 3.78 3.54 2.41 
± 1.24 ± 0 . 2 8 ±0 .21 ± 0 . 2 1 ± 0 . 1 6 

k2 1.87 2.42 8.47 6.44 2.69 
± 0 . 3 9 ±0 .11 ± 0 . 7 3 ± 0 . 5 8 ± 0 . 2 1 

55 12.19 12.71 9.05 7.92 5.82 
± 0 . 9 4 ± 1.25 ± 0 . 1 2 ± 0 . 3 7 ± 0 . 5 1 

k2 3.48 5.61 12.06 9.00 3.71 
±0 .31 ± 0 . 5 4 ± 0 . 2 2 ± 0 . 6 1 ± 0 . 3 0 

65 ki - 18.60 20.28 17.42 9.10 
± 0 . 8 2 ± 2 . 7 8 ± 2 . 5 9 ± 0 . 2 1 

k2 — 7.05 14.02 11.03 5.56 k2 
± 0 . 2 9 ± 1.80 ± 1.44 ± 0 . 6 1 

Table 3. Thermodynamic parameters of activation at 35 °C. 

Parameter dioxane [vol %] 

10 20 30 40 50 

AG* [kJ mol"1] 
AH*X [kJ m o F 1 ] 

- z f S t [J m o l - 1 deg" 

97.00 96.34 97.83 
34.05 27.01 38.82 

'] 204.27 225.09 191.51 

97.85 
32.99 

210.51 

98.34 
28.09 

227.97 

AG\ [kJ m o F 1 ] 
A H\ [kJ m o F 1 ] 

-ASf[J mol"1 deg~ 

99.30 98.79 96.32 
24.66 29.91 23.04 

'] 242.21 223.54 237.81 

96.67 
24.70 

235.51 

101.82 
18.95 

269.06 

treatment was applied to the intermediate II. The 
values of k\ and k2 are collected in Table 2 at the 
indicated temperatures. 

The calculated thermodynamic parameters of 
activation [26], AH*, AG* and AS* are collected in 
Table 3. 

Discussion 

In 1951 Iskander and Riad [8] reported a 
schematic mechanism for the action of aqueous 
sodium hydroxide on I, where 4-nitrosobenzyl 
alcohol or (a-hydroxy, 4-nitrosobenzylthio)-acetic acid 
(II) was expected to be formed according to either 
C-S fission or aci-formation taking the lead. 

In the present work it was proved that I reacted 
with aqueous sodium hydroxide via a fast and 
reversible a-proton abstraction step as indicated by 
H / D exchange. A similar a-proton abstraction was 
reported to take place in 4-nitrobenzyl-halides [27], 
pyridinium salts [28], and sulphides [28] under 
similar conditions. 

When I was boiled under reflux for a long time 
with sodium methoxide in anhydrous methanol, no 
reaction took place. Water is therefore essential for 
the reaction to give the intermediate II. 

C - S - C H 2 C O O H • OH 

H 

(I) 

C H - S C H 2 C 0 0 H + H j O 

• H 2 0 k, 

reaction course was followed by determining the 
absorption at 420 nm, at which there is no absorp-
tion by the starting acid but all the reaction prod-
ucts do absorb. 

Although the ratio acid: alkali was 1:100, yet the 
kinetic results did not conform to a first-order rate 
equation. The reaction, by virtue of its complex 
nature, was considered to involve two consecutive 
irreversible first-order reactions of the type I -*• II 

III, where I, II and III represent starting material, 
intermediate and 4-nitrosobenzaldehyde, respec--
tively, and Ay and k2 represent the rate constants of 
these two steps. Ill undergoes a Cannizzaro's dis-
proportionation exhibiting third-order kinetics, 
second order in aldehyde and first order in base 
[16]. To calculate the rate constants from a set of 
experimental data, the time ratio method, devel-
oped by Swain [24] and then by Frost and Schwe-
mer [25]. was used. The steady state approximation 

o = n - y Q / ~ c - s - c h ; c o o h • o h 

(ID 

The same observation was noticed when 4-nitro-
phenyl acetic acid was boiled with sodium meth-
oxide in anhydrous methanol, whereby no reaction 
took place, while in presence of water a-hydroxy, 
4-nitrosophenyl acetic acid was postulated to be 
formed [6]. Values of k} ( s _ l ) for this step under 
different conditions are compiled in Table 2. 

II undergoes a base promoted elimination reac-
tion displacing ~SCH2COOH and giving rise to 
4-nitrosobenzaldehyde. 

OH o® 

0 = N H ^ > - C - S - C H 2 C O O H • OH k ? » 0 = N - < ^ ) - C ( ^ S C H 2 C 0 0 H • HjO 

( I I I ) 0 = N - < f ^ j V - C = 0 + S C H j C O O H 



Y. Riad et al. • Kinetics and Mechanism of the Change of the 4-Nitrobenzylthio-System 1131 

Values of k2 ( s - 1 ) for this step under different 
condit ions are compi led in Table 2. 

4-Ni t rosobenzaldehyde, being soluble in aqueous 
dioxane in the presence of alkali, undergoes a 
Cannizzaro 's d ispropor t ionat ion reaction to give rise 
to 4-nitrosobenzyl alcohol and 4-nitrosobenzoic 
acid. The latter acid is known to change in an 
alkaline m e d i u m very rapidly into 4,4 '-dicarboxy-
azoxvbenzene [16]. 

The kinetic behav iour of 4-ni trosobenzaldehyde 
with sodium hydroxide in aqueous-dioxane media 
under similar condi t ions as of the present investiga-
tion was found to exhibi t third-order kinetics, not 
involving free-radicals , radical anions or 
radical chain mechan i sm [16]. The values of 
k3 ( l 2 m o r 2 s _ 1 ) [16] are greater than those of k{ 

and k2 under the same condit ions, meaning that the 
Cannizzaro 's step is not rate determining in the 
present reaction. 

4-Nitrobenzyl alcohol, fo rmed via Cannizzaro 's 
reaction, changes rapidly in the alkaline med ium 
into 4-hydroxylaminobenzaldehyde , and this may 
either dimerise [29] or react with 4-nitrosobenzal-
dehyde to form 4,4 ' -d i formylazoxybenzene [16]. 
T h e ni t rone acid, isolated f rom the reaction be-
tween I and sod ium hydroxide, is expected to be 
fo rmed f rom the interact ion between the anion of I 
and the in termedia te II in the presence of alkali, 
thus a f ford ing evidence for the existence of II. 

OH 

O ^ H Q ^ - C H S C H j C O O H • O ^ N - ( ^ ) - C - 5 C H ; C 0 0 H — 5 M • 

0 - N - < ( j V - C HOH SC H 2 c 00H 

(IV) 

The structure of this ni t rone acid was conf i rmed 
by est imation of its ni t rogen content, molecular 
weight de terminat ion , ' H - N M R , IR and UV 
spectra. Such a ni t rone is unable to react fur ther 

with another molecule of II to give more complex 
structures, because this ni trone has no longer 
methylene group. Ni t rone is known to be formed by 
different procedures, among which is the reaction 
between nitroso c o m p o u n d s and compounds having 
an active methylene g roup [11]. 

N o free radicals nor radical anions are involved 
in the present mechan ism since the reaction rate 
was not changed in the presence of benzoyl per-
oxide. 

The values of the t he rmodynamic parameters of 
activation, i.e., the f ree energies AG*, the enthalpies 
AH* and the entropies AS* for the two steps are 
given in Table 3. A H * and AS* do not change much 
as the dioxane content of the solvent mixture is 
increased, and the compensat ion effect between 
AH* and T AS* plays an impor tan t role in keeping 
AG* more or less constant, in other cases [30, 31]. 
Moreover the values of the entropy of activation of 
the second step, A S * , are lower than those for the 
first step, z fS*, indicat ing that the activated 
complex produced dur ing the e l iminat ion of 
~SCH 2 COOH f rom in termedia te II is more solvated 
than that formed f rom I. 

The six 4-nitrobenzyl, aryl sulphides, described in 
Table 1, were t reated with sodium hydroxide in 50% 
aqueous dioxan m e d i u m . All of them gave 4,4 '-di-
formylazoxybenzene as the main product , which 
was precipi tated f rom the reaction m e d i u m either 
alone or af ter di lut ion. After f i l teration and acidi-
fication of the alkal ine fi l trate ei ther 4,4 ' -dicarboxy-
azoxybenzene or the corresponding azo-acid was 
precipi tated besides a mercap tan which was set 
free, or its sulphide. 

The mechanism presented for the reaction be-
tween sodium hydroxide and I, in aqueous d ioxane 
can be applied to the present cases. Thus alkal ine 
aqueous dioxane med ia change the 4-nitrobenzyl-
thio-system into 4 ,4 ' -di formylazoxybenzene and 
4,4 '-dicarboxyazoxybenzene. 
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