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ABSTRACT

serles eduction by
of 4-azobenzenesulfonic acids, T Y
-osio‘:n‘dlmionm in alkaline solution was found u: :::o avc:fm
erated by electron-attracting substituents. A Héanetm

of 2.8 was obtained for reduction at 25.0 gt lnwwdlum
solution 0.150 M in sodium hydroxide and 0.1

sulfate.

INTRODUCTION

ium dithionite is a useful reagent for the reduc-
tionsodol aromatic azo compounds. The pro‘ductl ozfe
amines or hydrazo derivatives (Grandmougin 119 )‘i
The dithionite reduction of 4-azobenzenesulfonic aci
has recently been found to be first m¢er in 4-azoben-
zenesulfonate ion and one-half order in di(hicnit.e ign
(Wasmuth ef al. 1965). The same orders in dithionite
fon and oxidant have been found for the reactions of
sodium dithinoite with p-nitrophenol (Wasmuth ef al.
1964) and with oxygen (Rinker ef al. 1960) in 'allsaline
reaction media, Initial steps proposed for the dithionite
reduction of 4-azobenzenesulfonic acid including the
attack of the 8O, radical jon on the 4-azobenzenesul-
fonate ion and the decomposition of an intermediate
formed from these ions as possible rate-determining
steps are
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In the present paper the relative rates of the reactions
of some substituted d-azobenzenesulfonic acids with
sodium dithionite are reported,
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MATERIALS AND METHODS

mrmmdnamdmm;%’:’hhm
compounds were carried out in a
flask fitted with s two-hole
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compound. Temperature control wgg rovi

g‘ye :u:hermgstated bath maintained at 25,0 pc."lde:
reactions were followed by' absorbance measuremeny,
made at 430 millimicrons }mth a Beckman Dy i
photometer on reaction mixture samples taken Pipet
through the outlet tube during the first 500 seconds
after mixing. Rate constants were calculated gg iy
ously described (Wasmuth et al. 1965). The Variation
of absorbance with concentration at 430 Millimicrong
was found to conform to Beer’s law for each azo s
pound in the concentration range employed for by
rate measurements,

The Na;S,0, content of the Fisher iron-free sodium
dithionite used was found to be 79% by an iodometric
method (Szekeres 1964). Eastman 6357 4-azobenzene.
sulfonic acid was used without further purification, The
sodium salts of 4’-bromo-4-azobenzenesulfonic acid,
4'-chloro-4-azobenzenesulfonic acid, 4'-methyl-4-azobep.
zenesulfonic acid, and 4'-methoxy-4-azobenzenesulfonic
acid, were prepared by the methods of Janovsky (1887),
Mentha and Heumann (1886), Mills (1895), and
Inscoe et al. (1959), respectively. The 3'-chloro-4.
azobenbenesulfonic acid used was prepared by allowing
3-chloroazobenzene to react with 20% fuming sulfuric
acid for one hour at 75 C, The product was separated
by pouring the cooled reaction mixture into water,
reprecipitated from aqueous solution by the addition of
concentrated hydrochloric acid, recrystallized three
times from benzene, and dried under vacuum at 56 C.
The neutralization equivalent found for the sulfonic
acid was 297.6 (caled for CyyHyCINO48: 296.7),
The melting point found was 109-110 C, Consistent
with the structure indicated for the sulfonic acid were
the isolation of m-chloroaniline as a product of ﬂl;
iron powder reduction of the acid in a dilute acetic aci
solution and the isolation of 2-chlorobenzidine 1 th:
product of the reaction of stannous chloride with :
ticid in concentrated hydrochloric acid solution. 1dent
fication of the products isolated was made by com
son of their ir spectra with the ir spectra of Ma bmi:
Coleman, and Bell m-chloroanitine and 2-chloro
dine prepared }z treatment of S-chlofoazobm::mm
stannous chloride in ulcoholic hydrochloric acid e
(Burns o al. 1926), Low of the sulfo group bY G
placement during the benzidine rearrangsment o>
intesmedinte hydrazo compound derived from va of
A-azobenzenesulfonic acid would be likely In view
what is reported for the benzidine rearrangemen
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sulfo-substituted aromatic hydrazo compounds (Ingold
1953).
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Fig. 1. Variation of log k/k, with Hammett sigma.
TABLE 1

RATE CONSTANTS FOR DITHIOMITE REDUCTION

l=Azobenzenesulfonate Lon k, limole'ileo'i

3'=Chloro 0,172
4t =Bromo 0,074
4t1-Chloro 0,063
Unsubstituted 0,0172
4t aMethyl 0,0060
Lt <Mathoxy 0,0024

RESULTS AND DIsScussion

The variation of the ratio of the three-halves order
rate constant, k 1o ko, the three-halves order rate con-
stant for the dithionite reduction of the parent -+-4-azo-
benzenesulfonate on, with the Hammett substituent
constant sigma, is shown in Fig. 1 as a plot of log
k/ko against sigma for the series of substituted 4.
azobenzenesulfonates, The values of the rate constants

are given in Table 1. The sigma values required were
taken from the list compiled by McDaniel and Brown
(1958). The variation in rate constant for the some-

what limited series of compounds appears to follow the
Hammett relationship

log Aty = po

The positive sign of the rho value obtained, 2.8, is
indicative of development of negative charge at the
reactive center of the reactant aromatic molecule in the
transition state and thus does not appear to be incon-

sistent with the mechanisms proposed for the reaction
with dithionite,
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