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A Study of Transient Species formed during Aromatic Nitrosodeiodination 
By Anthony R. Butler * and Anthony P. Sanderson, Department of Chemistry, The University, St. Andrews, 

Fife 

Intense, transient colours are produced during the nitrosation of a number of aromatic compounds. The spectrum 
of that obtained from 4-iodoanisole has been determined by stopped-flow spectrophotometry. The kinetics of 
the formation of the coloured species from 2- (4-iodophenoxy)ethanesulphonic acid in aqueous solution have 
been examined. It i s  concluded that the coloured species are o-complexes. 

THE reaction of 4-iodoanisole with nitric acid and sodium 
nitrite in acetic acid solution results, inter alia, in replace- 
ment of the iodine atom by a nitroso-group and subse- 
quent oxidation to the nitro-compound. The detailed 
mechanism of this reaction has been reported,l but one 
observation, the formation of a transient yellow species 
immediately on mixing, was only mentioned in passing. 
A more detailed study of this aspect of the reaction is now 
described. 
RESULTS AND DISCUSSION 

The colour resulting from mixing the reactants dis- 
appears almost completely within 30 s and thus is not 
susceptible to study by conventional spectroscopy. 
However, spectral changes occurring during the first 
minute after mixing can be examined by stopped-flow 
spectrophotometry. These changes were examined at  
various wavelengths between 380 and 490 nm and a 
typical run is shown in Figure 1. In all cases the 
absorbance reached a maximum 10 s after mixing and 
this was taken to be the time at which the species 
responsible for the colour was at maximum concentration. 
Absorbance values after 10 s at various wavelengths are 
given in the Table. These represent the spectrum of the 
transient species, which is a broad band with a maximum 

1 A. R. Butler and A. P. Sanderson, J .  Chem. SOG. (B),  1971, 
2264. 

below 380 nm. Unfortunately, owing to instrumental 
limitations, it was not possible to observe changes a t  
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the nitrosodeiodination of 4-iodoanisole 
FIGURE 1 Variation of absorbance a t  420 nm with tinie in 

lower wavelengths. The spectrum obtained contains no 
distinctive features and did not help to identify the 

Absorbance of the  transient species formed during nitroso- 
deiodination of 4-iodoanisole in acetic acid 10 s after 
mixing at 25" 

[HNOJ = 8 . 0 5 ~  [NaNO,] = 0 . 0 2 5 ~  
[4-iodoanisole] = 5.22 x 1 0 - 3 ~ ~  

A/nm 380 400 420 440 460 475 490 
Absorbance 0.56 0.54 0.53 0.48 0.34 0.12 0.08 
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species responsible. Replacement of 4-iodoanisole by 
2,4-di-iodoanisole or 4-iodo-2-nitroanisole, which also 
undergo nitrosodeiodination, did not result in the form- 
ation of any transient species with a visible spectrum. 

The reagent mixture used in the preceding study is 
complex, and it was thought that use of a simpler one 
(acidified aqueous nitrous acid) would assist further 
study of nitrosodeiodination. For this a water-soluble 
subst rate was required, and 2- (4-iodophenoxy) et hane- 
sulphonic acid (I) was selected and prepared. Addition 
of this material to sodium nitrite in perchloric acid 
resulted in the slow formation of an intense brown colour 
which eventually disappeared ; the resulting solution was 
faintly yellow. The spectrum of the final solution was 
qualitatively and quantitatively as expected for the 
presence of iodine resulting from the complete deiodin- 
ation of (I). Addition of alkali produced a yellow solu- 
tion with a spectrum characterstic of the 4-nitrophenolate 
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ion, indicating that dealkylation had accompanied 
nitrosodeiodination. This behaviour parallels that of 
anisole itself, where nitrosation gives 4-nitrophenol and 
ether cleavage occurs after nitrosation.2 The initial 
intense colour was assumed to be due to the same type of 
species as that observed with 4-iodoanisole and, because 
of the simpler reaction conditions, we were able to 
examine its formation in detail. 

The maximum absorption occurred at  410 nin and a 
plot of optical density a t  410 nm against time gave a curve 
with a shape similar to that in Figure 1, but with a time 
scale in minutes rather than seconds. By adjustment of 
the concentrations of reactants it was possible to make 
the disappearance of the colour slow enough for the 
kinetics of its appearance to be examined without compli- 
cated computations. The formation of the species 
responsible for the colour was found to  conform to first- 
order kinetics over a t  least three half-lives. The rate of 
formation was directly proportional to the sodium nitrite 
concentration (Figure 2) and to the acidity as represented 
by the acidity function HR (Figure 3). 

The linear dependence upon the sodium nitrite con- 
2 B. C. Challis and A. J.  Lawson, J .  Chem. SOC. (B) ,  1071, 770. 

H. C. Challis and A. J. Tawson, Chew. Cowznl.ra., 1968, 818. 

centration indicates that the reaction under consideration 
is nitrosation or a closely related reaction, and the 
variation of rate with acidity is consistent with this. The 
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FIGURE 2 Variation of kobs with [NaNO,] for formation of the 
brown species in the nitrosodeiodination of 2- (4-iodophenoxy) - 
ethanesulphonic acid a t  35"; [substrate] = 2-76 x 1 0 - a ~ :  
[HClOJ = 6 . 4 8 ~  

slope of the line in Figure 3 is 0.38, which is very different 
from that found by Challis and Lawson for the acidity 
dependance of the nitrosation of anisole, but, as these 
authors point out: the slope of such a line is not diagnos- 
tic unless the rate-determining step is known. The 
nitrosating species NOf is known to exist in perchloric 
acid and its concentration in equilibrium with molecular 
nitrous acid parallels the ha acidity function: so that the 
linear relationship of Figure 3 is not without significance. 

The structure of the species responsible for the colour 
must now be considered. A similar colour was found 
when 2-phenoxyethanesulphonic acid was used as sub- 
strate, and so the presence of an iodo-group is not essen- 
tial. The kinetic evidence suggests that formation of the 
colour requires a nitrosating species and it is tempting, 
therefore, to believe that the species is an intermediate 

1 - 5 1  

8 9 10 11 
-% 

FIGURE 3 Variation of log KObs with acidity of perchloric acid for 
formation of the brown species in the nitrosodeiodination of 
2-(4-iodophenoxy)ethanesulphonic acid a t  25"; [substrate] = 
2-76 x 1 0 - 3 ~ ;  [NaNOJ = 0.041~ 

on the pathway of aromatic nitrosation. The most 
obvious choice is a n-complex (11),5 and such complexes 
have been suggested as responsible for the colour result- 

I<. Singer and P. A. Vamplew, J .  Chew. SOC., 1966, 3971. 
j D. \-. Banthorpe, Chcnz. N E D . .  1970, 70, 295. 
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ing froiii the interaction of nitrosylsulphuric acid with 
various aromatic compounds.6 Further support comes 
from our observation that, although hexaniethylbenzene 
is insoluble in perchloric acid, addition of sodium nitrite 
effects dissolution and a brown colour is produced. 
Hexamethylbenzene is recovered unchanged from the 
solution by addition of urea, which destroys the nitrous 
acid. Hexaethylbenzene does not react and is known to 
be unable to form x-complexes for steric reasons.7 How- 
ever, there is one compelling piece of evidence against the 
colour being due to a x-complex: the formation of such a 
complex, involving only electron transfer, cannot be as 
slow a process as that observed in this study. Therefore, 
in spite of evidence in its favour, we reject this possibility. 

A second possible intermediate on the pathway to 
nitrosation is a a-complex. A brown solution is formed 
on addition of 2- or 4-iodoanisole to concentrated sul- 
pliuric acid (the Jacobsen reaction) and this has been 
ascribed to the a-complex (III),8 so the suggestion is not 
without precedent. However, tliere is some doubt about 
the colour of a a-complex. In a detailed spectral study 
Huiiziker, Penton, and Zollinger conclude that the 
colvur resulting from the reaction of nitrosoniuni liexa- 
fluoropliosphate and pentamethylbcnzene is not due to 
a a-complex. However, methylbenzenium tetrafluoro- 
borates (where the cation is the protonated methyl- 
benzene) are coloured,1° and the a-complex resulting 
from the bromination of tris(dimethy1amino)benzene 
(which can be isolated) is deep red in solution.ll We 
believe, therefore, that identifying the colour as due to 
the a-complex (IV) is consistent with the available data, 
both spectroscopic and kinetic. 

The possibility that tlie transient species is not on the 
pathway of aromatic nitrosation must be considered. 
The shape of the curve in Figure 1 is typical l2 of an 
intermediate (B) in a reaction sequence (A) ---t (B) + 
(C) and it is partly because of this that we propose (IV) as 
the structure of (B). However, studies with an analogue 
computer (details on request) indicate that tlie kinetics 
are equally consistent with the reaction sequence 
(B) =+E= (A) ---t (C) , where (B) is again responsible for 
the colour but is not on tlie reaction path [i.e. (A) 
(C)]. Although we have obtained the spectrum of one 
of the coloured species we could not, owing to its tran- 
sient nature, measure the rnolar extinction coefficient, 
and so the colour could be due to tlie presence of a very 
low concentration of a species with a higli absorbance. 
In  this sense i t  could be tlie result of an unimportant side 
reaction. Transient colour formation in aromatic 

Z. J.  .\llan, J. Podstata, 13. Snobl, and J. Jarkovskp, Coll. 

; 11. 1:. Lovins, L. J. Andrews, and R. 31. I<ecfer, J .  Phys. 

b II .  Suzuki and M. Yoshida, Bidl. Clieui. Soc. Japaii. 1972, 45, 

I( E. Hunzikcr, J. I<. Penton, and H. Zollinger, Hclv. Clziiii. 

lo G .  A. Olah and S. J .  Kuhn, J .  Ainev. C l m z .  Soc., 1958, 80, 

11 P. Menzcl and  I?. Effcnbcrgcr, Augew. Cliem. Infevnat. Eciw., 

C x c l i .  C h e w  Coinm.. 1967. 32. 1449. 

Chcai. ,  1964, 68, 2553. 
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nitration is a common observation and it was established 
by Benford and Ingold l3 that this occurs only in the 
presence of nitrous acid. Later Ingold and his co- 
workers l4 suggested that the colour obtained during the 
nitration of anisole in nitromethane is due to  dianisyl- 
aminyl oxide. However, tlie appearance of the brown 
colour under a variety of conditions in the present work, 
and also in the Jacobsen reaction,8 make a a-complex 
more likely than a species related to that suggested by 
Ingold l4 for a reaction occurring under non-aqueous 
conditions. 

Certain activated aromatic compounds form diazoniurii 
salts on nitr0sati0n.l~ This process involves nitrosation, 
followed by reaction with more nitrous acid. A brown 
intermediate is fornied during the second of these reac- 
tions, for which structures (V) and (VI) were proposed by 
Tedder and Theaker.lG It is possible that similar species 
are fornied after nitrosodeiodination. The reaction 
between nitrous acid and (I) was allowed to proceed to 
completion (Le. such that no colour apart from that of 
iodine remained), and alkaline @-naphthol was added. 
No colour resulted, indicating the absence of any diazon- 
ium compound; structures analogous to (V) and (VI) are, 
therefore, unlikely to  be responsible for the colour occur- 
ring during nitrosodeiodination. In the light of all these 
considerations, we consider that the brown intermediates 
observed in this study are most likely to be a-complexes 
of type (IV). 

EXPERIMENTAL 

Il~utevinZs.--CIodoanisolc, hcsamethylbenzene, and hesa- 
ethylbenzene were recrystallised from ethanol before use. 
Syntheses of 2,4-di-iodoanisolc and 4-iodo-2-nitroanisole 
have been described previous1y.l 

A solution of 4-iodophenol l7 (40 g) in ethanol (500 nil) 
was refluxed for 4 h with 1,2-dibromoethane (40 nil) and 
sodium ( 5  g ) .  The mixture was poured into water and the 
white precipitate of l-bro1iio-2-(4-iodophenoxy)ethanc was 
filtered off (17.8 g, 30%). A solution of this compound (10 
g) and sodium sulphite heptaliydrate (8 g) in water (15 ml) 
was refluxed for 30 11. The whitc precipitate was filtered off 
and crystallised from ethanol and then water to give sodium 
2-(4-iodopIi~~~0~y)etIianesuZ~lionnte ( 1.3 g. 15%) (Found : 
C, 27.3; H, 2.3. C,H,INaO, requires C, 26.45; HI 2.3:;). 
Sodium 2-phenoxyetliancsulplioiiate was prepared in a 
similar maimer.1s 

Kinetic Methods.-For the study of the nitrosodeiodin- 
ation of 4-iodoanisole a misturc of acetic and nitric acid 
was contained in one reservoir of a Canterbury stopped-flow 
spcctrophotometcr and a solution of sodium nitrite and 

12 A. A. Frost and R. G. Pcarson, ‘ Kinetics and Mechanism,’ 
Wiley, New York, 1962, p. 167. 

l3 G. A. Uc-nford and C. I<. Ingold, -1. Client. SOC., 1938, 920. 
C. A. Bunton, 1:. D. Hughes, C. I<. Ingold, D. I. H. Jacobs, 

lli. H. Jones, G. J. Minkoff, and H .  I. Read, J .  Chem. SOC., 1960, 
2628.  

IG J. 31. Tcdder, J. Cheat. Sot. ,  1957, 4003. 
la J. 31. Tedder and G. Thcakcr, Tetralzedron, 1959. 5 ,  288. 
1’ F. B. Dains and I;. Eberly, Ovg. Sjvitli., Coll. Vol. 11, 1943, 

18 D. Jlathcson and H. >fcConibie, J. Chetn. Soc., 1931, 1003. 
p. 366. 
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4-iodoanisole in acetic acid in the other. After mixing, the 
signal from the photomultiplier was displayed on an Ad- 

arid 2-phenoxyethane sulphonic acid were monitored at 410 
nm with a Unicam SP 500 spectrophotometer. 

vance OS300 oscilloscope and photographed. The response 
of the photomultiplier was calibrated at  each wavelength by 
the use of solutions of known optical density. 

The s'R.c* is thanked for a grant to purchase the stopped- 
flow spectrophotometer and for a studentship (to A. €'. S.). 
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