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available the most reliable value of the entropy This value does not include the nuclear spin en-
of cyanogen is the calorimetric one, 57.64 cal. tropy. 
deg."1 mole-1 at 298.10K. and one atmosphere. BERKELEY, CALIF. RECEIVED AUGUST 1, 1939 
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The Decomposition of Some Iodonium Salts. Reactions with Mercury, Tellurium 
and Antimony 

B Y R. B. SANDm, F. T. MCCLURE 1 AND F. IRWIN2 

Recently H. J. Lucas and co-workers3 have 
shown that di-o-tolyliodonium iodide decomposes 
at 155° into o-iodotoluene, uncontaminated by 
any isomeric product. They suggest that the 
mechanism involves a decomposition which pro
ceeds through an intermediate, positively charged 
0-tolyl ion in which the positive charge is carried 
by a carbon atom. The positive o-tolyl ion then 
combines with the negative iodide ion of the 
iodonium sajt to form a molecule of o-iodotoluene. 

This plausible mechanism fits in with the fact 
that it is now known definitely that the I-I bond 
in diphenyliodonium iodide is an ionic, not a co-
valent, bond.4 However, the authors of this 
paper became interested in the possibility that the 
decomposition of iodonium salts might, to some ex
tent at least, be a non-ionic one and might pro
ceed through the intermediate formation of free 
radicals. A non-ionic mechanism might explain 
the fact that the decomposition temperature of an 
iodonium salt depends upon the nature of the an
ion as well as the cation. For example, di-o-
tolyliodonium bromide decomposes at 178°, the 
iodide at 155° and the sulfide at room tempera
ture. If the decomposition involved only the 
positive ion, it is conceivable that the decomposi
tion temperatures would lie closer together. 
Keeping the positive ion the same, we find roughly 
that the decomposition temperature of an iodo
nium salt varies directly with the electronega
tivity of the negative ion. Again, it is in a reac
tion such as this where one might look for the for
mation of free radicals. The latter are likely to 
be formed from those molecules which readily tend 
to undergo thermal self-decomposition at com
paratively low temperatures (e. g., explosives, 
endothermic compounds, etc.). Finally, the re-
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cent work of Waters6 and co-workers on the de
composition reactions of the aromatic diazo com
pounds gave the present workers some hope in 
the idea that iodonium salts might behave simi
larly to diazonium salts.6 Waters has shown that 
the diazonium chlorides can decompose by a non-
ionic mechanism (PhN2) +Cl - —->• Ph-N=N-Cl 
—> Ph- + N2 + -Cl, giving transient free neutral 
aryl radicals which are identical in chemical be
havior with the neutral alkyl radicals7 which have 
been studied in the gaseous phase. 

The authors of this paper have carried out the 
decomposition of diphenyliodonium chloride and 
sulfide and di-£-tolyliodonium chloride in the 
presence of mercury, tellurium and antimony. 
In all cases, reactions have occurred which suggest 
the intermediate formation of free aryl radicals. 
Similarly, Waters6 has found that benzenediazon-
ium chloride decomposes under acetone kept neu
tral with chalk, in such a way that mercury, 
tellurium and antimony are attacked. Waters 
concludes that in the reaction mixture the free 
phenyl radical has a transient existence and that 
the phenyl radical is formed by thermal or photo
chemical decompositions of organic molecules in 
the liquid phase as well as in the gaseous phase.8 

In view of the results obtained, it seems espe
cially tempting to assume that in the decomposi
tion of an iodonium salt, part of it at least can de
compose by way of a non-ionic mechanism. The 
assumption is made that in the iodonium salt the 
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central iodine atom is able, by expanding its va
lence shell, to act as an acceptor for the chloride 
or sulfide ion. Subsequent transformations of 
this complex result from the tendency of the cen
tral atom to revert to an octet. The following is 
suggested as a probable course of the reaction: 
(CeHe)2I

+ Cl- —> (C6He)2I •*— Cl —> C6H6I + 
C6H5- + -Cl. The expanded valence shell has been 
used to explain the marked difference in the mode 
of decomposition of the quaternary ammonium 
bases from the corresponding phosphonium bases. 
It also has been used in connection with the un
usual reactions of, and formation of, the 2- and 3-
covalent iodine compounds.9 

The above conclusions of the authors are based 
largely upon the analogy between the reactions of 
iodonium compounds and the reactions of di
azonium compounds studied by Waters and co
workers. Dr. H. J. Lucas of the California In
stitute of Technology has kindly drawn attention 
to the important role played by the metal in the 
decomposition reactions. He suggests the possi
bility of an intermediate, undissociated complex 
which decomposes at a lower temperature than 
the salt would otherwise. Such a reaction mech
anism would not necessarily involve the formation 
of free radicals. On this basis also, the decompo
sition with and without a metal would not neces
sarily* have to proceed via similar mechanisms. 

Experimental Part 

Preparation of Compounds.—Diphenyliodonium chlo
ride and di-£-tolyliodonium chloride were prepared readily 
by a standard procedure.3 It seems impossible to isolate 
an iodonium sulfide compound. Diphenyliodonium hy
droxide, for example, when treated with sodium sulfide, 
produces a bright yellow precipitate (evidently the sulfide) 
which quickly decomposes into phenyl iodide and phenyl 
sulfide.10 For that reason, in any of the decomposition 
reactions involving an iodonium sulfide salt, a more stable 
salt such as the chloride was mixed with sodium sulfide, 
or aqueous hydrogen sulfide, and to this mixture the neces
sary element such as mercury was added. 

Diphenyltellurium dibromide, m. p. 200°, was made 
according to Krafft and Lyons.11 

Triphenylstibinic sulfide, m. p. 119-120°, was made 
from triphenylstibinic chloride according to the procedure 
of Kaufmann.12 

Reaction with Mercury.—Diphenyliodonium chloride 
(3.0 g.) was dissolved in 150 cc. of boiling »-propyl alcohol. 
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To this was added about 2.0 cc. of mercury and the mix
ture was refluxed for about five hours. While the mixture 
was still hot it was filtered and, on cooling the filtrate, pure 
phenylmercuric chloride, m. p. 250°, crystallized out. 
The yield was 1.25 g. The same procedure carried out 
with the addition of finely divided calcium carbonate 
gave identical results. In the same manner, di-£-tolylio-
donium chloride gave £-tolylmercuric chloride, m. p. 230°. 

Changing the solvent from propyl alcohol to water did 
not seem to have any appreciable effect on the results. 
This seems peculiar, since one would expect a solvent such 
as water to favor an ionic decomposition. Waters5 

has found that the non-ionic decomposition of diazonium 
salts occurs best in such solvents as acetone and ethyl 
acetate. 

Reaction with Tellurium.—Diphenyliodonium chloride 
was refluxed in an ft-propyl alcohol solution with finely 
divided tellurium. After several hours the unchanged 
tellurium was filtered off and the filtrate evaporated to a 
small volume. On the addition of bromine, yellow crys
tals of diphenyltellurium dibromide, m. p. 199-200°, 
crystallized out. These crystals, mixed with a sample of 
synthetic material, produced no depression of the melting 
point. When water was used as a solvent, only once, out 
of several attempts, was enough diphenyltellurium di
bromide obtained for a melting point determination. 
These results might indicate that an ionic decomposition 
occurs in a highly polar solvent such as water. It was 
also observed that when water was used as the solvent, 
finely divided tellurium speeded up the decomposition of 
the iodonium salt. 

When a mixture of diphenyliodonium chloride dissolved 
in water, tellurium, ether and aqueous hydrogen sulfide, 
was shaken up in a flask for about an hour at room tem
perature, diphenyltellurium was again formed. The 
diphenyltellurium dissolved in the ether layer and was 
isolated as the yellow dibromide. 

Similar results to the above were obtained when Ai-p-
tolyliodonium chloride was used instead of the phenyl 
compound. Di-£-tolyltellurium was isolated as the yel
low dibromide, m. p. 203-204°. 

When a mixture of diphenyliodonium chloride and finely 
divided tellurium was heated in the dry condition in a test-
tube, diphenyltellurium dichloride, m. p. 158°, was formed. 
The tellurium had also the effect of lowering the decom
position temperature of the iodonium chloride. 

Reaction with Antimony.—A solution of diphenyl
iodonium chloride in water was shaken up at room tem
perature with sodium sulfide, finely divided antimony and 
ether. The ether layer was separated, filtered and, on 
evaporating to dryness, beautiful crystals of triphenyl
stibinic sulfide, m. p. 119-120°, were left behind. They 
had a slight yellowish tinge and when mixed with a syn
thetic sample produced no depression of the melting point 

Summary 

1. Diphenyliodonium chloride and di-£-tolyl-
iodonium chloride react with mercury in boiling 
M-propyl alcohol to produce phenyl and p-to\y\ 
mercuric chloride. With tellurium they give di
phenyltellurium and di-£-tolylteUurium. Di-
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phenyliodonium sulfide decomposes at room tern- 2. To account for these reactions, it is sug-
perature in the presence of tellurium and antimony gested that at least a part of the iodonium salt 
to give diphenyltellurium and triphenylstibinic decomposes by way of a non-ionic mechanism, 
sulfide. EDMONTON, ALBERTA, CANADA RECEIVED JULY 3, 1939 
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Tyrosinase from the WUd Mushroom, Lactarius Piperatus 
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Kubowitz1,2 has shown that potato oxidase 
(tyrosinase) contains copper and that the activity 
of the oxidase toward catechol as the substrate is 
proportional to the metal content. After con
siderable purification a product was obtained 
which in the presence of acetone, at 0°, occurred 
in a globular form and contained 0.20% copper. 
Keilin and Mann3 have also prepared a highly 
purified polyphenolase (i. e., tyrosinase) from 
the common mushroom, Psalliota campestris, 
which had a copper content of 0.30% and an 
activity toward catechol proportional to the 
copper content. 

The tyrosinase described in the present com
munication was prepared from the wild mush
room, Lactarius piperatus. Highly purified prepa
rations from this source were found to contain 
0.23% copper. The activity of these prepara
tions toward catechol was also proportional to 
the copper content (see Fig. 1). The copper was 
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easily removed from the enzyme preparation by 
dilute acids just as Kubowitz noted in the case of 
the oxidase from potatoes. Contrary to the 
claims by Yakushiji4 that the polyphenolase from 
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Lactarius piperatus contains a hematin residue; 
the data in the table clearly show that the iron 
can be removed completely by one adsorption to 
kaolin. Only in the case of the two crude prepa
rations, nos. 1 and 2, was iron found to be 
present and then only in very small amounts. 
I t therefore appears that iron was present only 
as an impurity in the crude preparations. 

Keilin and Mann3 found no relationship be
tween the activities of their oxidase preparations, 
from Psalliota campestris, toward the two sub
strates, £-cresol and catechol, and were inclined 
to attribute the activity toward p-cresol as 
involving the presence of some other factor in 
the reaction mixture. Likewise Adams and 
Nelson8 were able to vary, in the case of the 
oxidase from Psalliota campestris, the ratio be
tween the activities toward these two substrates. 
On the other hand, the last-mentioned investiga
tors were unable by similar procedures, such as 
the use of various adsorbing materials, to alter 
the ratio of these two activities in the case of the 
tyrosinase from Lactarius piperatus. Further 
attempts in the present study to vary this ratio 
by treating the enzyme solutions with lead acetate 
and with silver acetate also were unsuccessful. 
All the preparations examined showed about 10 
cresolase units to 1 catecholase unit. 

The quantity of copper corresponding to one 
unit of cresolase is given in the table for several 
preparations. The rather crude preparations 1, 
2 and 3 contain an appreciable quantity of un-
dialyzable copper, which was also noticed by 
Keilin and Mann3 in their crude preparations 
from Psalliota campestris, and hence show a high 
copper value per cresolase unit. Preparations 
4 to 8 have lost this extraneous copper and the 
copper per cresolase unit reaches a constant 
value of approximately 0.0027 y. These prepa
rations represent enzyme in which all of the 
copper seems to be in an active form. 


