
2664 P. J. ZANDSTRA AND E. M. EVLETH Vol. 86 

[CONTRIBUTION FROM THE IBM S A X  JOSE RESEARCH LABORATORY, S A N  JOSE, CALIF.] 

Photolytic Decomposition of Aryldiazonium Salts. The p-Dimethylaminophenoxy Radical 
BY P. J. ZANDSTRA AND E. M. EVLETH 

RECEIVED JANUARY 17, 1964 

The photolytic decomposition of p-dimethylaminobenzenediazonium chloride in aqueous solution with pH 
above 5 leads to the formation of a paramagnetic species. The electron spin resonance spectrum is the same 
as tha t  obtained on air oxidation of p-dimethylaminophenol in the same pH range. On the basis of this evidence 
as well as the e.s r. spectrum, the structure of the radical could be established as being the p-dimethylamino- 
phenoxy radical (111). This radical was also generated chemically by the oxidation of the phenol by the di- 
azonium compound. Similarly, the p-diethylaminobenzenediazonium chloride was photolytically decom- 
posed to yield the corresponding phenoxy radical. The nitrogen and ring proton hyperfine coupling constants 
are the same in both radicals. In the diethyl radical the alkyl spin density is much lower than in the dimethyl 
radical. Therefore, the inductive effects of the alkyl groups on the spin distribution are very small and the 
alkyl spin density is determined by hyperconjugation. In the diethylamino radical the rotation of the ethyl 
groups around the C-N bonds is restricted as compared to  the case of the methyl groups of the dimethyl- 
amino radical. In dimethyl 
sulfoxide-water solutions similar solvent polarization occurs, as observed by Fraenkel, et al. 

The e s.r spectra of these radicals are strongly dependent on the solvent used 

Introduction 
The role of radical mechanisms in the thermal and 

photolytic decomposition of aryldiazonium salts in 
aqueous and organic media is not completely under- 
stood. The occurrence of aryl radicals in the Gomberg- 
Bachmann and Meerwein reactions2 and in the hypo- 
phosphorous acid reduction of aryldiazonium salts has 
been reasonably established. In addition, DeTar4 
has shown the apparent presence of a radical chain 
mechanism in the thermal decomposition of benzene- 
diazonium chloride in methanol-acetate-acetic k i d  
buffer. X radical mechanism has been postulated to 
explain the formation of nitrobenzene and other prod- 
ucts in the photolysis of p-nitrobenzenediazonium stan- 
nic chloride salt in methano1.j The work of Horner 
and Stohr,6 however, indicates that  both the thermal 
and photolytic reductive decomposition of aryldiazo- 
nium salts occur in various unbuffered alcohols. Such 
products can also be rationalized within the framework 
of a hydride transfer mechanism.' The possible pres- 
ence of radicals in photolyzed solutions of diazonium 
salts is indicated by the magnetic susceptibility meas- 
urements of Boudreaux.* 

The observations mentioned above led us to in- 
vestigate the possible presence of paramagnetic species 
in the photolytic, thermal, or electrolytic decomposition 
of aryldiazonium salts. By using electron spin reso- 
nance, these radicals or radical ions should be detectable 
in those cases where their lifetimes are sufficiently long. 
We studied the photodecomposition of p-dimethyl- 
aminobenzenediazoniurn chloride because of the pre- 
vious evidences for paramagnetic species. As a com- 
parison, the diethylamino compound was also investi- 
gated. 

Experimental 
( 1 ) Materials. Diazonium Solutions.-Aqueous solutions of 

thc aryldiazonium salts were prepared from the corresponding 
zinc chloride double salts (Aldrich Chemical) by adding dilute 
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aqueous potassium hydroxide to  remove the zinc and bringing the 
filtered solution to  the appropriate p H  by the addition of Beck- 
man buffer solution or Coleman buffer tablets. Concentrations 
of the diazonium salts were in the order of 0.01 to 0.001 M. 

p-Dimethylaminopheno1.-The methiodide of p-dimethyl- 
aminophenol was conveniently prepared by refluxing a mixture of 
10 g. of p-aminophenol, 25 ml. of methanol, 180 g. of methyl 
iodide, and 10 g. of potassium carbonate for 18 hr. Concentrat- 
ing and cooling the reaction mixture yielded 17 g.  of crude prod- 
uct. This material was dissolved in methanol, treated with char- 
coal, filtered, and cooled to  yield colorless crystals, m.p .  204-206". 
This material was smoothly decomposed in the melt at 1 mm. 
pressure to yield a colorless crystalline sublimate, m.p.  73-75"; 
reported by P e ~ h m a n n : ~  74-76". vapor phase chromatogram 
of this material indicated no other material present as an im- 
purity. 

Dimethyl sulfoxide (Eastman),  2,6-di-l-butyl-4-methylphenol 
(Shell), the hydrochloride salt of p-N,N,S',S'-tetramethyl- 
phenylenediamine, and p-S-methylaminophenol hydrogen sul- 
fate were used without further purification. p-=\minophenol was 
recrystallized from methanol. 

Electron Spin Resonance Spectra.-Solutions of diazo- 
nium salt, the phenol, and other materials were measured in a 1- 
mm. plane parallel quartz cell positioned in the resonance cavity 
of a Varian 100-kc. electron spin resonance spectrometer. In 
those cases in which the effect of air was determined, the solutions 
were deoxygenated by bubbling nitrogen through the solution 
before introduction into the cavity. Oxygen was introduced 
merely by exposing the solution to air or by bubbling oxygen 
through the solution before introducing the sample into the 
cavity. For the purpose of irradiation of the sample, the sample 
inside the cavity was exposed to  the unfiltered light from a 100- 
watt  high pressure mercury arc (Pek Labs).  In some cases, bet- 
ter results were obtained by letting the solution flow slowly 
through the cavity cell. 

In all cases, the second derivative of the resonance absorption 
was measured so as to eliminate slow drift due to the evolution of 
nitrogen in the diazonium decomposition and to obtain high sen- 
sitivity. 

( 2 )  

Results and Discussion 

Photolysis of Diazonium Salt Solutions.-The photol- 
ysis of aqueous basic solutions of p-dimethylaminoben- 
zenediazoniuni cation (Ia) a t  pH values greater than 5 
gave a strong electron spin resonance spectrum (Fig. 1). 
This same spectrum was obtained by the air oxidation 
of aqueous basic solutions of p-dimethylaminophenol 
(11) a t  pH greater than 5 .  These observations, to- 
gether with an analysis of the electron spin resonance 
spectrum (vide infra), show unambiguously that  the 
paramagnetic species is the p-dimethylaminophenoxy 
radical (111). Similarly, irradiation of basic aqueous 
solutions of p-dimethylaminobenzenediazonium cation 

(9) H. Pechmann, Chem. Be?., 32, 3682 (1895) 
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Fig. 1.-Second derivative of the electron spin resonance ab- 
sorption spectrum of irradiated solutions of p-dimethylamino- 
benzenediazonium chloride. Reconstruction for UN = 7.45, UCH 
= 2.14, and U C H ~  = 7.08 gauss; C = center. 

(Ib) gave the corresponding phenoxy radical (Fig. 2). 
Irradiation of oxygen-free basic solutions of phenol I1 
did not produce detectable amounts of radical 111. 

Ia, R=CH3 I1 
b, R=CzH5 

m 

However, in the dark, the addition of diazonium Ia to a 
aqueous solution of the phenol I1 gave a very strong 
e.s.r. signal of radical I11 at pH above 5 .  This oxida- 
tive power of the diazonium cation Ia was further dem- 
onstrated by its ability to generate in the dark the 
phenoxy radical of 2,6-di-t-butyl-4-methylphenol and 
the Wurster's Blue cation from tetramethyl-p-phenyl- 
enediamine in oxygen-free basic solutions. Radical 
I11 could not be detected in a basic aqueous solution of 
I a  standing a t  room temperature. This can be attrib- 
uted to the rather slow rate of solvolysis of I and the 
rather short lifetime of the radical 111. The chemical 
oxidation by the diazonium cation Ia of the phenol I1 
presumably occurs through the phenolate anion. 

The formation of radical I11 by oxidation of I1 by I a  
implies the presence of another paramagnetic species 
resulting from the one-electron reduction of the diazo- 
nium cation Ia .  Radicals of this type have been pro- 
posed as intermediates in the electrolysis of aqueous 
solutions of diazonium salts. lo However, present at-  
tempts a t  electrolysis of aqueous solutions of I a  a t  
various pH values failed to yield detectable amounts of 
any paramagnetic species. 

Although, in basic aqueous solutions, diazonium cat- 
ions can exist in equilibrium with the corresponding 

(10) J. K Kochi, J .  A m .  Chem. Soc., 77,  3208 (195.5). 
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Fig. 2.-Second derivative of the electron spin resonance ab-  
sorption spectrum of irradiated solutions of p-diethylaminoben- 
zenediazonium chloride. Reconstruction for U N  = 7.45, a c ~  = 
2.08, and U C H ~  = 4.16 gauss; C = center. 

diazotate anion, the work of Lewis and Suhrl' estab- 
lishes that  the constant K ,  defined below, is very large 
for aryls containing electron-donating substituents. 
Their work indicates that  the value of K for compound 

AriViz+ + 20H- If ArN20- + H20 

K = (ArN2+)(OH-)2/ArN20- 

I a  is greater than lo7, from which i t  follows that for a 
concentration of ArN2+ = 1 A4 and a t  pH less than 
12 thediazotate ion concentration is less than 
M .  In addition, the other hypothesized species, the 
diazoic acid, is sufficiently acidic to prevent i t  having a 
concentration greater than the diazotate ion in basic 
solutions. This argument indicates that ,  under the 
conditions discussed, neither of these species plays a 
part in the photochemistry of either I a  or Ib.  The 
above arguments and observation show tha t  the 
generation of p-dialkylaminophenoxy radicals on pho - 
tolysis of aqueous solutions of the corresponding diazo- 
nium salts I a  and I b  arises from a secondary 
reaction of the photolysis product, previously estab- 
lished as being I1,l2 and starting material and has 
nothing to do with the basic photochemistry of the sys- 
tem. I t  is evident that  the observations of BoudreauxE 
do not require the formation of aryl radicals. The 
usual reaction of diazonium salts with phenolate ions 
gives azo dyes.la As has been shown, oxidation is 
another possible reaction. Preliminary studies show 
that  in the systems studied a t  least 20%, of the diazo- 
nium salt Ia is converted on photolysis to radical 111. 
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Electron Spin Resonance Spectra.--The second 
derivatives of the observed electron spin resonance 
absorption spectra are shown in Fig. 1 and 2. Because 
of the length of the spectra, only the low-field half is 
given. The spectra have been reconstructed using 
the coupling constants in Table I and assuming the 
phenoxy structure. The reconstructions match the 
experimental spectra in all details. Special care was 

TABLE I 
COUPLING CONSTANTS FOR THE DIALKYLAMINOPHENOXY 

RADICALS IX AQUEOUS R,N 0 0 .  SOLUTION (GAUSS) 

H H  

H H  
R = CHI  R = C2Ha 

N 7 . 4 5  N 7.45 
CH 2 .14  CH 2 .08  
CHI 7.08 CH2 4 .16  

taken to obtain the tails of the spectra in order to mea- 
sure the smaller ring proton coupling constants. In 
the case of the diethyl radical, one cannot distinguish 
between the ring proton and the CHa proton coupling 
constants. The analogy with the dimethyl radical, 
however, suggests the order given in Table I, since the 
nitrogen and ring proton coupling constants should not 
be much different in the two radicals. Some interesting 
properties of the spectra of these radicals may be men- 
tioned. In the first place, one observes (Table I )  a 
much smaller spin density a t  the ethyl CH2 proton in 
the p-diethylaminophenoxy than a t  the methyl CH3 
protons in the p-diniethylaminophenoxy. This dis- 
crepancy can be explained in terms of hyperconjuga- 
tion. A discussion of hyperconjugation of the (CH3)2- 
C- and (CH3)2-N- groups using the valence bohd model 
was given by M ~ L a c h l a n . ' ~  In this model, steric hin- 

(14)  A.  D. McLachlan, M o l .  P h y s . ,  1, 233 (1958); J. R. Bolton, A.  Car- 
r ington,  and A.  I). McLachlan, ib id  , 6 ,  31 (1962). 

drance with respect to free rotation of the alkyl group 
can lead to a lower average spin density on the alkyl. 
The present results give a direct measure of the average 
exchange integral between the nitrogen pz and the C-H 
orbital. Any inductive effect on the spin distribution 
has to be very small since in both radicals the nitrogen 
and ring coupling constants remain the same. In the 
diethylaminophenoxy radical the hyperfine lines are 
broadened, presumably due to the small unresolved 
hyperfine splitting of the CH3 protons. Secondly, it 
was found that  the spectra are solvent dependent, 

Although a more detailed discussion on the solvent 
effects will be given a t  a later date, some results will be 
mentioned presently. In water solutions, the four ring- 
proton coupling constants are the same, a somewhat 
accidental result in view of the symmetry of these 
radicals. It is interesting that  addition of dimethyl 
sulfoxide (DMSO) leads to a change in coupling con- 
stants. The ring-proton coupling constants are no 
longer the same and occur in two pairs in DMSO solu- 
tion (see Table 11). Preliminary calculations have 
shown that the spectral changes can be explained in the 
same fashion as was done by Gendell, Freed, and Fraen- 
kel for semiquinones.' The electron cloud is polarized 
by the solvent, leading to these effects. 

TABLE I1 
SOLVENT EFFECT ON COUPLING CONSTANTS OF 

p-DIMETHYLAMINOPHENOXY RADICAL 
Solvent composition, % 

Water sulfoxide 
Dimethyl -- Coupling constants (gauss)--- 

s CH(2x) CH(2x)  CHa 

100 0 7 . 4 5  2 .14  2 .14  7 .08  
50 50 7.05 2.52 1 . 6 5  6 . 6 4  
0 100 6 .29  3 . 5 3  0 .81  5.90 
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A kinetic investigation has been made of the protodeboronation of benzeneboronic acids, and the effects of 
pH and of substituents in the 0 - ,  m-,  and p-positions on rate. The pH-rate profile shows a base-catalyzed and 
an "uncatalyzed" reaction, each of which is catalyzed by cadmium ion in turn. The ortho-para ratios generally 
parallel those observed earlier for the reaction in the absence of cadmium ion, but  the meta- and para-sub- 
stituted acids show different linear free energy relationships for the two kinds of reaction. Salts of magne- 
sium, zinc, copper(II), lead(II) ,  nickel(II), cobalt(II), and silver also catalyze the protodeboronation. Tlie 
mechanism of the metal ion catalyzed protodeboronation is discussed in the light of the experimental results. 

Previous investigations on protodeboronation of basis of kinetics. One of these is a general acid cata- 
lyzed reaction in which the rate-determining step in- 
volves moton transfer from an acid to the carbon of 

benzeneboronic acids have revealed the existence of 
three mechanisms which can be distinguished on the - 

the benzene ring bearing the dihydroxyboron group. 
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