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NOTE TO READEK.

Occasionally in the text there are reported enquirlies not
undertaken by the author, These are entered in order that
the sequence of reactions might not be unduly broken, and
wherever it has been done a note to the effect has been

added.






lodoxylate there 1s obtained p-acetaminophenyl-phenyl-lodyl
hydroxide, from the solution of which a carbonate and acetate
can be prepared.

The rapid astion of N-alkali at 100°C on diphenyliodyl
hydroxide (as on iodoxybenzene) yields benzene and iodate along
with more complex products of a resinous character.

PhTI0.0H + NaOH — PhH + NalOg

(b) In sulphuric¢ acid of hydration less than H,50,.H-0 iodie
acid reacts with benzene and its derivatives with o-p-directing
substituents with the formation of diaryliodonium salts (e.g.
chlorobenzene yields 80% of the p-iodonium derivative). There
are also formed in small quantity aromatic iodocompounds, carbon
dioxide and a substance in solution readily oxidisable by per-
manganate in acid solution with the formation of carbon dioxide
and a chloride. During permanganate=-oxidation, iodonium salt
iIn solution 1s totally destroyed with the production of an iodo-
esompound.

The asctlion of iodiec acid 1s a secondary one, ensuing upon
a reduction of it to iodine sesquioxide at the expense of org-
anic reagent. By using lodine sesquioxide (as its sulphate,
I,05.805.7H,0) the iodonium salt from chlorobenzene is formed

e
quantitatively and is the sole product.
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CHAPTER ONE

HISTORICAL INTRODUCTION.

1. Historical sSurvey.

The study of organic compounds with multivalent iodine
opened in the year 1885 with the discovery by C. Willgerodt
(J. Pr., 1885, 33, 154) of lodobenzene dischloride GgHgIiClg,
which he made by chlorinating iodobenzense, using lodine-tri-
chloride as halogen-carrier. Seven years later, in the August
of 1892, Victor Meyer and Wachter (Ber., 1892, 25, 2632) pre-
pared the first iodosocompound, o-iodosobenzoic acid, by the
oxidation of o-iodobenzoic acid with fuming nitricacid.Due to
this, Willgerodt again turned his attention to his "iodide-
chlorides" and in November 1892 he found (Ber., 1892, 25, 3495
that the parent body of Victor Meyer's iodosobenzoic acid,
iodosobenzene, could be prepared by treating iodobenzene di-
chloride with silver oxide, sodium hydroxide or sodium carbon-
ate solutions. He proved that this body is a basic oxide,
forming stable, well=-crystallised salts with acids. In the
light of this knowledge, and because of the colour of his own
compound, Willgerodt declared that the o-iodoscbenzoic acid
was a basic salt, containing no frese iodoso-group. To it he

gave the formula:



8\
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Victor Meyer had therefore prepared the first heterocyclic
iodine compound, called by Willgerodt "o-hydroxyiodobenzoate."

Again in 1892 willgerodt (Ber. 1892, 25, 3500) prepared
lodoxybenzene from iodobenzene dichloride and sodium hypochlor-
ite.

By the use of Willgerodt's iodoso- and iodoxycompounds,
Victor Meyer and his collaborators, in 1894, discovered a new
class of organic bases. Hartmann and Meyer (Ber. 1894, 27,
427) found that by treating iodosobenzene with cold concentrated
sulphuric acid the sulphate of phenyliodophenyliodonium hydrox-
ide, 06H5(C6H4I)I.OH, was formed. A little later the same two
workers (Ber. 27, 503-509) discovered the general reaction by
which lodonium compounds have since been made. By the treat-
ment of an equimolecular mixture of iodoso- and iodoxybenzene
with moist silver oxide, diphenyliodonium hydroxide was formed
in solution.

Aliphatic-aromatic lodonium compounds were made by Will=-
gerodt (Ber. 1895, 28, 2110) by the interaction of iododichlor-
ijdes and silver acetylide.

Johannes Thiele and his school (Ber. 1905, 38, 2842; Ann.
1909, 369, 119) showed that aliphatic compounds with multi-

valent iodine exist at low temperatures.



2. Preparation of Polyvalent Iodine Compounds.

(a) Preparation of Iododichlorides.

"Iododichlorides are probably the most important of the
"compounds of polyvalent iodine when one considers that all
"the others can be prepared from them, either directly or in-
"directly; for example, iodoso-bases are directly prepared
"from them and it is worthy of note that all attempts to ob-
"tain them by the direct oxidation of iodocompounds have, up
"to the present, been unsuccessful. On these grounds, and
"pecause historically they were the first made, it appears
"justifiable, in any description of the preparation of these
"compounds, to begin with the iododichlorides" (Willgerodt,
"Die organischen Verbindungen mit mehrwertigem Jod"). The
best way of preparing iododichlorides is still Willgerodt's
original method (Ber. 1892, 25, 3494) by the direct chlorin-
ation of the aryl iodide. Dry chlorine gas is bubbled through
8 wide delivery tube into the cooled solution of the iodocom-
pound, whereby the iododichloride is precipitated. As solvent
any liquid organlic compound which will not reduce the dichlor-
ide can be used. Chloroform, carbon tetrachloride, carbon di-
sulphide, glacial acetic acid, ligroln or benzene are quite
suitable. Also in many cases mixtures of these solvents, such
as chloroform and ligroin, give good results.

Besides using chlorine gas, aromatic iodides can be cehlorin-

ated with suitable agents, so easily does the chlorine react.



A. Tohl (Ber. 1895, 26, 2949) used as such sulphuryl chloride.
Finally, iododichlorides are produced when iodoso- or iodoxy-
compounds are treated with aqueous hydrochloric acid, or when
a suspension of either of these in chloroform is reduced with
phosphorus pentachloride; these two last methods, however, are

rarely used.

(B) Preparation of Todosocompounds.
1) From the i1ododichlorides.

Iododichlorides are hydrolysed by water into the corres-
ponding iodosocompounds, and because of this they show an acid
reaction in the presence of water. The action is, however, re-
versible, and this method, therefore, gives either a poor yield
or none at all,

CeHsICly + Ho0 T——— CgHgIO + 2ZHCL

Willgerodt (Ber. 1892, 25, 3455; 1893, 26, 357; 1900, 33,
853) discovered a method whereby the iododichloride was treated
with a dilute solution of sodium or potassium hydroxide or their
carbonates or blcarbonates, with silver oxide, baryta or calcium
hydroxide solutions, these alkalies preventing a reversal of the
reaction and thus leading to better ylelds. willgerodi's first
method was to grind the iododichloride under water and neutral-
ising the hydrochlorie acid produced by adding, drop by drop, a
very dilute solutlion of caustic soda, Later he tried the direot

action of dilute alkall or alkali bicarbonate solution as a
means of hydrolysing the dichloridse.



In the usual preparation of the iodosobase the iododichlor-
ide is ground into a fine sludge with a little dilute alkalil;
then mechanically shaken with an excess of alkali. In the
course of the reaction the yellow colour of the crystalline
dichloride is replaced by the yellow=-grey of the amorphous
iodoso body. The filtered product is washed free of alkalil
with water, but if the last washings show an acid reaction
it points to incomplete hydrolysis. After drying at room
temperature, the little parsent iodocompound, which is nearly
always produced along with the iodosobase, is removed by ex-
tracting in the cold with ether, chloroform, benzene or toluense.

Ortoleva (Giornale della Societa 41 naturale ed Econom-
iohe, Vol, 23, 1) obtained a 60% yield of the iodosobase by
adding water, with shaking, to a solution of the iododichlor-
ide in three parts of pyridins.

ii. From the aromatic iodides bl‘direct oxidation.

In a paper by Willgerodt published in 1925 (J. Pr., 1lll,
353), "On the promotion and hindrance of chemical reactions
"sonnected with the preparation of aromatic compounds of

"multivalent iodinse,"

a survey is given of the methods avail-~
able for the preparation of iodosocompounds by direct oxidation.
A brief summary of these methods is given:«

a) If the oxidatlion of an o-iodocarboxylie acid is per-

formed with a potassium permanganate solution acidified with












A satisfactory way of oxidising the iodosocompounds is,
according to Willgerodt (Ber. 1886, 29, 1568), by the use of

hypoehlorous acid.

ii} Prom iododichlorides.

One of the most satisfactory ways of making iodoxycompounds
was discovered in 1896 by Wwillgerodt (Ber. 28, 1572«3) whereby
the iododichloride is treated with sodium hypochlorite or
bleaching powder.

8.8. C6H51G12 + 2NaoCl = G HZIO, + 2NaGl + Cl,
The dichloride is ground with a dilute solution of the oxidising
material and shaken or stirred until the solid is perfectly
white. In most cases the addition of a few drops of glaclal

acetic acid aids the transformation.

iii) From the iodide through the iododichlorids.

There are several methods available in the preparation of

jodoxycompounds from the iodides without actually isolating any
jntermediate products., If the original material be a liquid
(Ber. 1896, 29, 15871), as, for example, iodobenzene, it 1s
covered with water or with chlorine water in a stirring vessel
surrounded with ice, and chlorine bubbled into the aqueous
liquor with continual stirring. Chlorination is fully com-
pleted in a short time, and caustic soda solution is added

in drops until the liquor reacts strongly alkaline; this
alkalinity is neutralised with chlorine, and finally the

jododichloride still remalining is converted into the iodoxy-



10,

compound by stirring, The resasction is completed when the sus-
pended solid is perfectly white. The vigorous svolution of
chlorine in the reaction, sufficient to keep the flaky iodoxy-
solid as a froth at the surface, led Willgerodt to believe
that the reaction proceeds thus:-
R1012 + 2NaOCl = R102 + 2ZNaQH + 612

Willgerodt (Freiburger Dissertation von W. Eiccholtz,
1914) states that a more satisfactory method, applicable to
solids as well as to liquids, is to dissolve the initial
material in glacial acetic acid and chlorinate it, The con-
version of the iododichloride is performed as above and, pro-
viding a small amount of original material has been used, it
is possible to dissolve the whole of the yield by boiling the
acetic acid; when cooling the solution deposits the iodoxy-
compound as fine white needles.

The method of Ortoleva 1s applicable also to the prepar-
ation of iodoxycompounds. The iodide is dissolved in pyridine,
water added and chlorine passed through the solution for a long

time.

iv) By the direct oxidation of the iodocompound.

It was in 1896 that Willgerodt (Ber. 29, 1572) first oxid-
1sed iodobenzene directly to iodoxybenzene. He used for this
purpose sodium hypobromite, Bromine water and bromine have no
effect on iodobenzene, but when the ice-cold mixture is shaken

with sodium hydroxide solution in insufficient quantity com-
Pletely
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to convert the bromine, the iodocompound changes firstly to a
semi-solid and later to solid mass, coloured yellow-brown from
the bromine still present. By drying in the air, white iodoxy-
benzene results. Iodobenzene with bromine yields no iodobenzene-
dibromide at ice temperature, and it appears therefore that the
iodide is directly oxidised thus:-

06H51 + 2ZNaOBr = 06H5IO2 + ZNeBr
Bamberger end Hill (Ber. 1900, 33, 533) used as oxidising agent
Caro's acid in the formation of iodoxycompounds directly from
the aryl iodides. The oxidising solution, which contained 2.06
grams of active oxygen per 100 c.,c¢., of solution, was prepared
from 56 grams of potassium persulphate, 60 grams of concentrated
sulphuric acld and 90 grams of ice., Equivalent quantities of
iodobenzene and the Caro's acid solution were shaken for 2.1/2

hours and a 97% yleld of 98.87% pure iodoxybenzene was obtained.

(e) Preparation of Iodonium Compounds.

In 1894 Victor Meyer and Hartmann (Ber. 27, 427) published
an acoount of a new class of aromatic bases containing iodine,
called by them iodonium bases. Their first method of prepar-
ation was by long boiling and evaporating a solution of iodoso-
benzene in dilute sulphuric acid, The oxidising power of the
solution disappeared and the sulphate of the inactive base was
formed in the solution. The yleld, however, was poor, due %o
the formation of large quantities of iodobenzene, and the method

was long. A better method was discovered using conscentrated
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sulphurie acid, the recipe given by the authors for the prepar=
ation of iodoaryl-aryliodonium compounds being as follows:- 5
grams of the iodosocompound are added in small portions to 75
grams of the well cooled concentrated sulphuric acid; the re-
action mixture is further cooled by surrounding it in ice,
diluted by the addition of small pieces of ice and allowed to
stand for some time. Finally the acid liquor is drained from
the resin which clings to the sides of the vessel, and filtered.
This solution contains the sulphate of the iodonium base, and
from it the iodide can be precipitated by the addition to it

of sodium iodide. An 82.7% yield was obtained. The explan-
ation of the reaction, given by Victor Meyer, is shown in the
equation:-

CgHgI(0.80zH), + HOGH,I(0.S05H), + HO = (CgHg)(CgH,INILO.

SO H + 31-12504 + 0.

S
willgerodt and Sckerl (Ann., 1903, 327, 30l1) gave an alternative
exXxplanation of the preparation, involving the formation of per-
sulphuric¢ acid, but the explanation does not account for the
disappearance of oxygen. No doubt the resins formed from the
iodosocompound are the cause of this disappearance.

In the same year Meyer and Hartmann (Ber. 1894, 27, 50%4)
noticed that a several weeks' old sample of iodosobenzene, when
ground with molst silver oxide, gave diphenyliodonium saltis.
They found that freshly made iodosobenzene did not react thus,

and concluded that both iodoso- and iodoxybenzene were necessary.

From this they derived their general method of preparing lodon-
ium
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bases, thelr method being as follows:- An intimate mixture
of the 1odoso~ and the iodoxy-compound is shaken for three or
four hours with freshly precipitated moist silver oxide. The
filtered solution contains the free base, which itself cannot
be isolated but gives with alkali iodide a heavy precipitate
of the iodonium iodide,

RIO + RIO, + AgOH = Rol.OH + AglQg
The method is applicable to the preparation of mixed iodonlum
bases, by using the iodososcompound of one aryl group and the
iodoxycompound of another,

Lead oxide in place of silver oxide was tried by Meyer
and Hartmann, but with less success; with caustic soda the
same authors (Ber., 1894, 27, 1897-9) obtained smaller yields
and found iodobenzene and iodosobenzene present at the end of
the experiment, Willgerodt (J. Pr. Chem., 1925, 111, 353) says
that the following series of reactions occur:-

(1) The iodosobenzene is partly converted by self-oxidation
reduction to iodo- and iodoxybenzene:-

20gH5I0O = CgHsl + CgHsIOg
(11i) By the action of sodium hydroxide on iodoxybenzene there
i1s formed, along with hydrogen and phenyl, sodium lodate, and
both of the former react with one molecule of iodosobenzene to
form diphenyliodonium hydroxide:-

4) GCgHglOg + NaOH = NalOz + «CgHg + «H
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%) CyHg-I-OH + C,H, = C‘SH‘r’\I-OH
C Hz™

In 1897 and 1898 Willgerodt (Ber., 30, 56; Ber., 31, 915) in-
dicated an entirely new method of making iodonium compounds.
He found that by treating an iododichloride with a metallo-
organic mercury compound, the corresponding diaryliodonium
chloride was formed, The instructions given for this method
of preparation are:- 5 grams of lodobenzene dichloride are
ground finely with 5 grams of mercury diphenyl and a little
water; the resulting paste is shaken or stirred with more
water for twelve hours and, on evaporating the now acid liquors,
almost pure diphenyliodonium chloride is deposited as fine
needles,

Aromatic-aliphatic and pure aliphatic iodonium compounds
were prepared by Willgerodt (Ber., 28, 2110; Ann., 1911, 585,
338) and Thiele (Ann., 1909, 569, 141) by treating iododichlor-
ides with the silver acetylide~silver chloride double compound
in the presence of water, when dichlorovinyliodonium compounds

were formed: -

2R-I-Cl, + HC = C.Ag.AgCl = 2AgCl + R—{-g = G~H + RI
cl ¢1 ¢

S, Properties of Organic Compounds with liultivalent Iodine.

(a) Iododichlorides.

All iododichlorides are bright-yellow, crystalline solids,
their colours varylng from a primrose-yellow to a deep orange-

yellow, dependent on the substituent groups in the phenyl nucle-
us.
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They are slightly soluble in chloroform, carbon tetrachloride,
carbon disulphide, acetone, ether, glacial acetic acid, methyl
alecohol and benzene, and from concentrated solutions they crys-
tallise in slender prisms. They do not recrystallise as such
from ethyl alecohol, but when a solution of an iododichloride

in ethyl alcohol is warmed, chlorine and acetaldehyde are
evolved, and addition of water precipitates the corresponding
iodocompound from solution.

Iododichlorides have, in general, a pleasant, not severe
smell, They decompose on heating (the decomposition point of
jodobenzene dichloride is 115-127°, varying according to the
rate of heating), the products of decomposition being the aryl
jodide and chlorine. Under different conditions Keppler (Ber.
1898, 31, 1136) showed that the products of decomposition were
different - in a closed vessel iodobenzene dichloride formed
hydrochloric acid and p-chloroiodobenzense.

The iododichlorides can be used as chlorinating agents;
the following are given as examples:- From metallic iodides
they liberate iodine with the formation of the metalllic chlor-
ide, this being used as a method of estimating the dichloride.
Iodine is liberated in the cold by the treatment of iodoparaffin
with iododichlorides, this affording an easy method of estimat-
ing the iodine in these compounds. A few drops of methyl,
ethyl or amyl iodide treated with a crystal of iodobenzene di-
chloride quickly turns a brownish-yellow colour; if now a

glass tube is dipped into the coloured solution and then into
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of all iodosobases,

Iodosobenzene is slightly soluble in water and alkalies.
The aqueous solution is completely neutral, but bleaches lit-
mus paper in a short time. Evaporation of the solution still
leaves an amorphous solid. Treated with hydrochloric acid,
the aqueous solution of the iodosobenzene is reduced to iodo-
benzenedichloride. In boiling water an appreciable amount of
iodosobenzene dissolves and, on cooling, needles of igcdoxy-
benzeng deposit, due to the self oxidatione~reduction of the
iodosocompound, the iodobenzene which is also formed being
volatilised in the steam, It 1s stated that iodosobenzense
i1s soluble to some extent in ethyl alecohol, but on warming
or long standing it is reduced to iodobenzene by the aleohol,
Almost all other neutral solvents, such as ether, acetone,
petroleum ether, benzene and chloroform will not dissolve, or
only exceedingly slightly dissolve, iodosobenzene. Iodosobenz-
ene does not melt; on heating, it decomposes into iodo- and
iodoxybenzene, detonating violently at 2100.

On long standing, and more quiekly in warmer weather,
iodosobenzene changes by self oxidation~redustion into iodo-

and iodoxybenzene, even in vacuo and in the dark; becausse of

this it cannot be stored for any length of time. Its acetate

is easily made, perfectly stable, and readily reconvertible into
the base; therefore iodosobenzene is stabilised as its acetate
immediately it is made,

Iodosobenzene is an excellent oxidising agent., It oxidises









low results are due to dissociation phenomena such as are

shown in the analogous nitrocompounds, probably a better
explanation of these results is that they are due to salt
formation (ef, J.C.S. 1935, 1674), Ebullioscopic determin-
ations with iodoxybenzene in pyridine, acetone and alcohol
have given no satisfactory results.

When an aqueous solution of lodoxybenzene is treated
with hydrochloric acld, chlorine is evolved and iodobenzene-
dichloride deposits; it is In this respect comparable with
manganese dioxide.

CgHslOp + 4HCl = CgHglCly + Clg + 250

MnOp + 4HGl = MnClg + Clg + ZH0

Iodoxybenzene explodes violently when added to phosphorus
pentachloride or to concentrated sulphuric ascid., In contrast
to iodosobenzene it reacts quletly with aniline, forming a
blood-red solution., "With fuming nitric acid and iodoxybenz-
"ene there is scarcely a perceptible rsaction; if, after the
"mixture has stood for some time, the clear solution is poured
"into water there deposits a yellow~white body with the charac-
"teristic strong smell of p-nitroiodobenzene, and after recrys-
"tallising from chloroform, the needles formed melt at 165°,
"The melting point of pure p~nitrolodobenzene is 171,5°." At~
tempts by Verlénder and others to nitrate lodoxybenzene were
equally unsuccessful.

It was discovered by Ciamican and Silber (Ch. Z. 1905, I,
1146; Atti R. Accad. dei Lincei (5), 14, I, 265) that in the
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presence of nitrobenzene and under the influence of light
benzaldehyde is polymerised. Mascarelli (Ch. Z. 1907, I, 99;
Atti R. Accad., dei Lincei (5), 15, II, 375-379) studied the
substitution of iodoxybenzene for nitrobenzene in this reaction
and found that when 200 grams of benzaldehyde and 50 grams of
iodoxybenzene were left in a glass vessel in the light from
31lst July, 1905 until 21st May, 1906, part of the product was
not extractable with ether, but recrystallised from glacial
acetic acid in white prisms and proved to be tribenzaldehyde

of melting point 250°.

Mascarelli (Ch. Z. 1905, II, 893; Atti R. Accad. del
Lincei Roma (5), 14, II, 199-205) gives three methods for the
preparation of double compounds of iodoxXybenzene with mercuriec
chloride and bromide:- (a) By the addition of mercuric c¢hlor-
ide or bromide to a suspension of iodoxybenzene in water; (b)
by the treatment of iodobenzene dichloride with mercuric chlor-
ide and chlorine; and (¢) by passing chlorine gas through a
solution of iodobenzene in glacial acetic acid in the presence
of mercuric c¢hloride. These double compounds form in white,
needle-shaped crystals and are more stable to heat than iodoxy-
compounds. Double salts can also be formed with gold chloride
and platinum chlorids.

Iodoxybenzene reduces potassium iodide in acid medium,
yielding free iodine. The purity of the iodoxycompound is
estimated by this reaction. Willgerodt (Ber. 1896, 29, 2008)
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iodonium iodide, thus:-

(CgHg)oI.OH + 4H = 2CgHg + Hg0 + HI

(C Hg)oI.OH + HI (CeHg)oI.I + H0

Diphenyliodonium iodide is capabls of forming perhalides,
The periodide, (06H5)2I.I.12, is formed when the iodonium iodide
is treated with alcohol or methyl alcohol containing the calcul-
ated amount of iodine, and the solution boiled. It crystallises
in dark red, almost black, lustrous needles of melting point
138°. Diphenyliodonium iodide-dichloride, (CgHg),I.1.Gl,, and
diphenyliodonium trichloride, both decomposing at 138°, are
formed when the alkaline mother liquors in the preparation of
iodosobenzene are acidified with hydrochlorie¢ acid. These two
perhalides ars also preparable by suspending diphenyliodonium
iodide in chloroform and chlorinating this. The suspended solid
i1s first coloured dark brown by liberated iodine, but it soon
dissolves to form a yellow solution; by further chlorination
there deposits a yellow arystalline mixture of diphenyliodonium
iodide-dichloride and diphenyliodonium trichloride, these be-
ing separated by fractional crystallisation from alcohol. Both
these products are identical with the perhalides obtained from
the iodoso-alkaline liquor. Diphenyliodonium iodide-dibromide
and diphenyliodonium tribromide can be made by a similar method,
using bromine water; they decompose at about l40°, the former

crystallising in brown leaflets and the latter in brown needles.

Forster and Schaeppi (Ch. Z. 1912, I, 170%2; J.GeS., 101, 382)



have prepared & number of iodohium polyhalides with higher
halogen content, e.g. diphenyliodonium iodide-tetrachloride,
((CgHg)ol. 101, 72(CgHg) oL.G1.IC1 5], melting point 118-120°,
diphenyliodonium iodide-iodochloride, |[(CgHg)oI.I.ICL)], melt-
ing point 134-135°,






Before use the iodobenzene was freed from aniline with
dilute hydrochloric acid and redistilled under reduced pressure.
In the first preparation, 35 grams (0.16 gram-molecule) of
iodobenzene were dissolved in 19 c¢.c, of pure dried carbon
tetrachloride, and 16 grams (0.23 gram-molecule) of chlorine
(generated from hydrochloric acid and potassium permanganate,
washed and dried through caleium chloride) in 31 e.c, of
carbon tetrachloride introduced. The 90% yleld obtained was

dried in vacuo, In a second preparation of the dichloride,

97 grams (0.48 gm.-mol,) of pure iodobenzene in 30 c¢.c, of
carbon tetrachloride were used, and chlorinated with 51 grams
(0,71 gm,=mol.) chlorine in 90 c¢.,¢. of carbon tetrachloride.
The iodobenzene dichloride was allowed to form overnight, and

the dried product weighed 119 grams (92% yield).

3. lodosobenzene.

The iodobenzene dichloride, stored in vacuum dessicator,
was found after a few days to be decomposing, and on one
occasion had to be suspended in carbon tetrachloride and re-
chlorinated. It was therefore converted at the earlisest con-
venlence into iodosobenzene acetate.

The hydrolysis of the dichloride was preformed with a 5%
sodium hydroxide solution, using a slight excess of that shown
in the equation:-

Ph1012 + 2ZNaCH = PhIC + 2NaCl + Ho0

In the first attempt 48 grams of the dichloride were
ground in portions of about 4 grams each with the 5% caustic
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soda, each grinding continuing over 15 minutes. The mixture
was shaken on a machine for 16.1/2 hours, after which the
yield of iodosobenzene, washed sparingly but efficiently with
water until alkali-free, and dried in vacuo in the dark, was
only 42.4%. An iodometric titration of the product showed it
10 be 94.6% pure. In the course of a day the filtrate and
first washings deposited white, flaky crystals of diphenyl-
jodonium chloride, and neutralisation of the alkaline solu-
tion with dilute hydrochloriec acid yielded more of this by-
product, The filtered, washed and dried chloride weighed 1.5
grams, After reduction of the iodosobenzene in the residual
liquor with sulphur dioxide, the diphenyliodonium salt still
in solution was precipitated as lodide with normal aqueous
sodium iodide. The dried precipltate weighed 1,3 grams.

In a second preparation of iodosobenzene the mixture of
dichloride and sodium hydroxide solution was shaken for only
3 hours and resulted in an 87% yield of 97.1% purity.

Attempts to prepare iodosobenzene by substituting magnesium
hydroxide and disodlum hydrogen phosphate for sodium hydroxide
proved less successful, In the first case the excess magnesium
hydroxide was removed with 5N acetic acid and a 68% yield of
only 60.5% pure iodosobenzene was obtained. Using sodium
phosphate there was & 56% yleld of base containing only 72%

iodosobenzene.

4, Iodosobenzene Acetate.

The conversion of locdosobenzene into its acetate was
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using the same weight of ingredients, the order of addition
was reversed, the ice being added first to the persulphate
and then the concentrated sulphuric acid added, the solid
still remained out of solution. The active oxygen in the
sludge formed was determined by shaking 10 c.c, of it with
100 c.c., 0.3505N ferrous sulphate, the excess of the latter
being determined with %3 permanganate., The sludge contained
12.1 grams of active oxygen per litre. 84.36 c.c, of this
caro's acid "solution" were shaken with 6,55 grams of iodo-
benzene (requiring 1.02 grams of active oxygen) for 15 hours.
The solid formed was perfectly and microcrystalline, but on
examination 1t proved to be potassium persulphate.

The method for preparing Caro's acid described by Houben
( "Methoden®, 1923, Vol. 2, p. 58) also proved unsuocessful:
56 grams of potassium persulphate were stirred with 61,5 grams
of concentrated sulphuric acid for 10 minutes, and to the re-
sulting paste 168 grams of powdered potassium sulphate were
added, and the mixture ground for 40 minutes, when a perfectly
dry powder was formed. The Caro's acid was made as required
by dissolving this powder in three times its weight of concen-
trated sulphuric acid., Such a solution, however, contained
only l1.42 grams of actlive oxygen per litre.

An attempt was made to prepare Caro's acid using hydrogen
peroxide., The stoock 100 volume hydrogen peroxide was found by
titration to contain 32.27 peroxide. To 450 grams of concen-

trated sulphuric acid, cooled to -14°, 100 grams of this hydro-
gen
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peroxide were added, and into this solution 100 ¢.c, of water
slowly poured. The resulting solution was pale yellow and
contained 18.1 grams of active oxygen per litre. When an
equivalent amount (58.6 c¢.¢.) of it was used to oxidise 7
grams of iodobenzene, the frothing was too great for any
effective shaking to be performed and the preparation had

to be abandoned.

Attention was again directed to the original recipe of
Bamberger and Hill; 1t was thought that the former failures
might be due to the sulphurlic acid used belng of a higher con-
centration than that employed by the authors, and it was there-
fore deemed advisable to use an acid of approximate ecomposition
H5504.Ho0. 64 grams of an acid of this strength, cooled to
-24°, were added with stirring to 56 grams of potassium per-
sulphate and, after standing 50 minutes, the sludge formed was
diluted by grinding with 90 grams of ice, The suspension was
filtered, this having been omitted on previous occasions, and
the clear filtrate was found by titration to contain 15.6 grams
of active oxygen per litre. 7 grams of lodobenzene were shaken
with 82 c.c, of the Caro's acid solution for 2.1/2 hours, after
which the iodoxybenzene formed was filtered off and washed acid-
free with water. Iodosobenzene was detected in the filtrate
both by its smell and by its oxidising action on sodium iodide
solution in saturated sodium bicarbonate medium. The solution
was shaken, therefore, for a further 4 hours, thereby ylelding

a second amount of iodoxybenzene. The final dried yield was
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80.1% of the theoretical, and by lodometric titration in acid
medium was 93.2% pure, This result, it was thought, warranted
a preparation on a larger scale, In the first large-scale
preparation of iodoxybenzene, 0.96 kilogram of potassium per-
sulphate was treated with 1.2 kilograms of sulphuric acid of
the composition HoS0,4.Ho0 and the mixture diluted with 1.5
kilograms of ice. 1.1/, litres of the filtered solution
(which contained 13.1 grams of active oxygen per litre) were
used to oxidise 105 grams of iodobenzene. Owing to execessive
frothing some part of the mixture was lost during the shaking
on & machine, the final yield being 89 grams of iodoXxybenzene,
which, after 40 minutes boliling with 150 c.e, of water, to
convert any iodosobenzene into the lodoxybody, and warming it
with 100 c¢,c¢, of benzene to rid it of unchanged or re-formed
fodide, gave iodometric titrations showing it to be 100.0% pure.
In all of the foregolng attempts to oxidise iodobenzene
directly to iodoxybenzene, it was noticed that the iodosocom-
pound was an intermediate product; hence in the ultimate
method, which was employed on four occasions, an excess of the
caro's acid was used. Also, because of the unavoidable froth-
ing during the vigorous shaking necessary, and because mechan-
ical stirring was insufficlent to mix effectively the heavy
jodobenzene o0il with the aqueous Caro's acid, it was found
advisable to perform all shaking by hand, The final method
adopted for the preparation of the iodoxycompound is as fol-

lows: 1.6 kilograms of eoncentrated sulphuric acid are diluted
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with 214 grams of water and the cooled acid mixed with 1.5
kilograms of potassium persulphate with thorough grinding for
45 minutes, and stood with occasional grinding for an hour.

2.5 kilograms of ice are added in about 20 portions, the sludge
well ground and filtered. Such a solution contalns about 2.2
equivalents of active oxygen per litre, and for 100 grams of
iodobenzene 1,5 litres of the Caro's acid is used. The mix-
ture is shaken vigorously by hand in a long-necked S5-litre
round-bottomed flask. After about 2.1/2 hours the iodoxybenz-
ene begins to form, and at the end of 5 hours the solid is
filtered, ground well, remixed with its mother-liquor and al-
lowed to stand a further 12 to 14 hours. The filtered lodoxy-
benzene is washed with 150 c.c¢, of water, but in general this
is insufficient to rid it completely of an acid reaction. The
solid is suspended in 300-400 c.c. of water and boiled for an
hour with free steam, which converts traces of iodosobenzene
into iodoxy- and iodobenzene and expels the latter, as well as
taking out the slight trace of sulphuric acid still remaining.
The ilodoxybenzene dissolved in the water is recovered by evapor-

ation, and the final yield, dried in vacuo, represents 94-96%

of the theoretical, and 1s free from detectable impurities,

giving lodometric titrations in acid medium showing it to be
100.0% pure, and yielding no lodine from lodlde solution in

saturated borax medium. The lodoxybenzene which remains dis-
solved in the main liquors 1s recoverable as iodobenzene by

treating them with 10 ¢.c. of perhydrol.
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This method was also found applicable to the preparation
of lodoxytoluene, and again it was noticed that the iodosocom-
pound was formed as an intermediate product. Apparently, how-
ever, a longer time of shaking is necessary, since it was found
that the lodoxytoluene formed contained an appreciable amount
of iodotoluene, from which it had to be separated by benzene

extraction. The final product was 97.3% pure.



35.

CHAFTER THREE

IODOXYBENZENE AND ALKALIES.

1. Historiocal.

The decomposition of iodoxXxybenzene by alkalies (sodium
hydroxide and baryta solutions) had been observed by Viector
Meyer and Hartmann and independently by Willgerodt, but no
eXamination had been made by these workers of the mechanism
and the quantitative nature of the apparently complex reactions
involved, a knowledge of which is necessary for an understand-
ing of Meyer and Hartmann's process of preparing iodonium com-
pounds with silver oxide, iodoso- and iodoxybenzene. Such an
examination, in any case, would help in an understanding of
the nature of the lodoxygroup itself.

It had been noted that iodoxybenzene and alkali resact to
give some small amount (or, at any rate, no great amount) of
diphenyliodonium radicle. Meyer and Hartmann (Ber. 1892, 27,
1592) noted that this was a cause of the faulty efficiency of
thelr process if caustic soda be substituted for silver oxide,
the lodoxybenzene being consumed by the alkali to some extent
instead of being avallable for reaction with the iodosocompound.
Willgerodt (Ber. 1894, 29, 2009) observed it when he used baryta

solutions, and noted that barium iodate deposited from the
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the solution there would be no change in the total alkalinity
or in its oxidising power, periodate should be detectable and
half the iodine originally present would finally be present
in an "ioniec" form.

Besides the appearance of iodate and iodonium radicle in
the alkali-iodoxybenzene mixtures, there quickly develops an
oily turbidity, to account for which the most probable com-
pounds are:- TIodobenzene, phenol, benzene and diphenyl; the
two former substances are decomposition products of diphenyl=-
iodonium hydroxide:-

Phol .OH ——— PhI + PhoOH ceeeesess (11)
Benzene might conceivably be produced along with iodate, thus:-
PhIOp + NaOH _—__, PhH + NaIOg ceeses (111)
and Willgerodt's hypothesis might account for the presence of
diphenyl in the products.

The formation of phenol would have an effect on iodometric
titrations in certain media, and the occurrence of the reaction
(11) would be indicated by a loss of one molecule of alkali per
one of iodoxybenzene using methyl orange as indicator and two
molecules of alkali using as indicator phenolphthalein. The
formation of benzene and iodate according to (ii) would also
imply a loss in alkalinity and cause an increase in the total
oxidising power from four to six.

Because of the possibllity, therefore, of complex mixtures

resulting from the reaction of the alkali and iodoXybenzene, it
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was found necessary to perform many experiments on the modes
of analysis and detection of the varlous substances involved.

Potassium periodate and diphenyliodonium hydroxide (the
latter prepared by grinding and shaking the iodide with moist
silver oxide) were found to be stable in alkali solutions.
Tests on the liberation of iodine from potassium periodate by
iodide in the presence of phenol were made, and it was found
that in acid solution the full amount of iodine (8 atoms per
molecule) was liberated without any absorption of the iodine
by the phenol, whlilst in bicarbonate medium no free iodine
was formed, the phenol taking up to 6 atoms of iodine per
molecule of phenol. It was found that in mixtures of lodoxy-
and iodosobenzene, the latter could be estimated quantitatively
by liberation of iodine from iodide solutions in bicarbonate
solutions, in which iodoxybenzene is inactive. Mixtures of
iodosobenzene and potassium periodate 1ln saturated borax main-
tained undiminished their oxidising power, proving that no
oxidation of iodoso- to iodoxybenzene ocecurs in such circum-
stances,

That lodoxybenzene is not diphenyliodonium periodate
(which would have the empirical composition and aqueous molec-
ular weight of CgHgIOo), was proved by preparing the salt by
mixing equivalent aqueous solutions of its free base and its
free acld, the former made from the iodide and silver oxide,
the latter from dilute sulphuric acid and barium periodate,

which in turn was made by igniting barium iodate (Remmelsburg,
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that one reaction, at least at higher temperatures and with
normal alkali, is
PhIOy + NaOH ——y PhH + NaIOy vereees (1V)

In boiling alkali, diphenyliodonium hydroxide would be
unstable (equation (ii)), but it is worthy of note that in the
foregoing experiment traces of phenol, but only traces, were
detected when looked for; iodobenzene was present along with
benzene in quantity enough to make a mixture denser than water.
Measurements were made in the residual liquors of alkalinity,
iodate and (7 )periodate(?), and these agreed almost exactly
with the simultaneous occurrence of (iv) with (i) and (ii).

The fact that diphenyliodonium periodate is stable in alkaline
solution, shown by analysis for icdonium radicle, alkalinity
and periodate of a several days' old solution, when none of
these had significantly changed, seemed to indicate that at
room temperature reaction (ii) (the decomposition of diphenyl-
jodonium hydroxide) is so slow as to be almost negligible.

As to the series of dilute alkali solutions of iodoxy-
benzene, each was analysed several times (except %) during
several days' keeping at 25°. The analyses determined:-

(a) Alkalinity to methyl orange,

(b) oOxidising power to added potassium iodide in acid solution,

(¢) oOxidlising power to added potassium iodide in saturated
borax solution (in which iodate and iodoxybenzene do not

react ),

(d) The diphenyliodonium radicle by precipitating and weighing
its 1locdide,
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(e) The oxidised-lodine anions (IOj, 10y) by reduction with
sulphur dioxide, precipitation and weighing of silver
iodids.

The electrical conductivities were measured at the same time.
Some of the main facts brought out in this series were:-
More lodoxybenzene dissolves in alkali than in water. The
dissolution is not rapid and most, if not all, of it seems to
be due to chemical action. This action is really a train of
reactions. In the most dilute alkali (1%5) it appears that in
the early stages some of the dissolved iodoxybenzene still ex-
ists undecomposed in the liquid; but if this is so, it is com=-
bined with the alkali, for the conductivity has decreased, al-
though the alkalinity to methyl orange has not. Later on (and
in middle strengths of alkali, sooner) no appreciasble iodoxy-
benzene remains undecomposed; it is represented as to its iod~
ine by iodonium radicle and by oxidised-iodine anions, and as
to its oxidising power by these anions (which may be named con-
jointly as I0,). But of the original phenyl groups a small
proportion is not accounted for by the analysed components. In
all the liquids there is a slight oily scum and a little tawny
amorphous suspended matter. The deficiency of phenyl radicle
is most noticeable in the higher concentrations of alkall and
in their later stages; and in these also the decrease of
alkalinity per molecule of ilodoxybenzene initially taken is
greatest. This decrease of alkalinity is progressive with them

all, but the conductivity does not fall off after its first
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drop. The indications are that in the later stages, especi-
ally with the less dilute alkali solutions, the diphenyliod-
oniun and the oxidising power in borax medium both fall off
from a maximum value; the oxidised iodine-anion, however,
does not appear to do so; and the oxidisling power in acid
media, at first a little low in the higheroconcentrations of
alkall, in these tends, if anything, towards regaining its
initial value., These observations accord with the following

chain of reactions:-

(1) PhIOg, + OH —~— (PhIOg.0H) .vvev........ Possibly
(11) 2PhI0p, LYH)L  (PhgI)® + (I04)'

(111) (PhIC5.0H) —9 PhH + (I03z)' ... Proved definitely
(iv) (PhoIl) + OH' —— PhOH + PhI ... Proved in certain

circumstances but
not marked except
In concentrated solution and in later stagesizf

Lack of time prevented sufficlient evidence being brought to
light to assert definitely that these are true or otherwise.
Notably, perlodate was not proved to be present, for the re-
action used to dstect and measure it (borax-medium oxidation
of potassium lodide) turned out to be qualitatively applicable
to iodosobenzene. Further, the presence of the diphenyliodoniur
radicle complicated the iodide reaction and titration, both in
borax and in acid media, by forming a polyiodide precipitate
which was very slow to give up its excess of iodine to arsenite

or thiosulphate in the titration, This slowness made for bad

end-points.
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bicarbonate or borax, solid powdered bicarbonate or borax and
10 ¢.¢. N sodium lodide. The liberated iodine was titrated

against standard arsenite.

Iodosobenzene acetate

In saturated bicarbonate In saturated borax
Time on wheel Percentage Time on wheel Percentage
(minutes) reduced. (minutes) reduced

35 76.58
69 94.48
60 96,9351
120 97.387 114 95.41
155 100.1
200 99.86
1180 100.0
lodoxybenzene
In saturated bicarbonate In saturated borax
Time on wheel Percentage Time on wheel Percentage
(minutes) reduced (minutes) reduced
76 12.06 284 0,406
138 20.46 1328 1,79
188 27.86 In later preparations of
iodoxybenzene there was no
1087 67.66 liberation of iodine from

lodide in saturated borax
after 48 hours wheeling.

[, ]

Since iodoxybenzene 1is partially reduced by iodide in bi-

carbonate, whilst it is not in borax, any determinations of
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iodoso- in the presence of iodoxybenzene must be dome in the

borax medium.

(¢) The determination of iodine by Stepanow's method.

In trial experiments using iodotoluene and iodobsnzene,
the total iodine was found to be determinable accurately. With
benzene pressent, however, which is probable when extractions
of organic material from aqueous solution or suspension have
to be made, it was found advisable to use 70 to 80 c¢,c, of
alcohol and 7 or 8 grams of sodium per milliatom of iodine
determined. vwith these modifications the method was equally
accurats.

(d) Reaction of iodine and phenol in sodium bigcarbonate
solution.

Four reaction tubes were made up containing 10 c.ec.
0.02667 phenol, 25 c¢.¢, saturated sodium bicarbonate and 25
¢c.c, 0.1087N iodine, and wheeled for various lengths of time,

after which the excess iodine was titrated against 0.1298N

arsenite. The results given were:-
Time in minutes EXtent of reaction
PhOH + 61 = CgHglz + SHI
0 0.9720
64 0.9884
100 0,9884

1035 0.9884
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Assuming the phenol to be slightly impure, the reaction
seems to complete itself quantitatively after an hour.

A similar series of experiments performed with phenol dis-
solved in benzene, showed that not less than 20 hours shaking

on the wheel were required to complete the reaction.

(e) Effect of potassium periodate on acid-alkali titrations

The presence of potassium periodate in an alkaline solution
was found to have no effect in a titration against standard
sulphuric acid when methyl orange was used as indicator,

(f) The reci¥%tation of iodates and periodates with
barium salts.

Iodometric titrations of the stock sodium iodate showed it
to have the composition NagHoIoOp (i.e. 2NalOz.Ho0, molecular
weight 414) rather than NalOz (molecular weight 198),

The object of this series of experiments was to determine
whether or not barium iodate and periodate are quantitatively
precipitated from solution, the type of these precipitates and
the most sultable medium to use, In the first attempt, 7 to
8 millimols, of sodium iodate and periodate were treated separ-
ately with 40 c.c. % sodium hydroxide, neutralised., made just
acid with acetic acid and shaken on the wheel with 30 millimols.
of barium acetate for 24 hours., The precipitates formed were

almost colloidal, too fine to be filtered through a grade 3,

sintered-glass filter and blocking the pores of a grade 4 filter.
They centrifuged only with difficulty and settled extremely
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slowly. It was observed, howsver, that in dilute alkali the
preclpitates coagulated more satisfactorily, and therefore

the precipitation was tried In this medium. 2.611 millimols.
of potassium periodate were shaken with 150 c.c. % alkall and
25 ¢.c. %.barium acetate added drop by drop., The vessel was
wheeled for 20 hours, after which the fine, bulky precipitate
settled quite rapidly. It was filtered and washed by a decant-
ation-syphon arrangement, but as the alkali weakened the settl-
ing became poorer, and finally it had to be washed by centrifug-
ing. The washings were kept separate from the filtrate, in
both the excess barium being precipitated with sulphuric acid
at 40°.  Once again filtering and washing were difficult. The
barium precipitate was decomposed by shaking with sulphuriec
acid for 28 hours, and all solutions were made to standard vol-~
umes,

Sodium iodate (1.3170 grams, equivalent to 37.921 milli-
equivalents of active oxygen) was treated similarly. The barium
iodate precipitate was much coarser grained and settled more
rapidly than did the periodate precipitate. As before, the
barium iodate was decomposed by wheeling for 24 hours with
sulphuric acid; 1in the filtrate solution and in the washings
excess barium was precipitated with sulphuric acid; and all
solutions were made to standard volumes.,

The filters and syphon-tubes used in each case were washed
with acidified sodium lodide solution and any iodine liberated
thereby titrated against standard thiosulphate.
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The various solutions were aliquoted for determinations
of active oxygen in acid and in saturated borax media (called
respectively A and B titrations) by liberation of iodine from

sodium iodide. Results were as follows:-

PERIODATE.

Deeomgosed Breo;gitate Filtrate

Active oxygen Active oxygen

. (equivs.) per (equivs.) per . . Active
Analysls 4pitial 2,611 one mol. KIO, Analysis oxygen
mols, KIO4.
A 19,87 7.606
A Nil
19.76 7.568
A 19.96 7.644 B Nil
Washings Decomposed precipitate (cont.)
Active O Active O Active O Active O
per init- per one per init- per one
Analysls 343 2,611 mol. Analysis 343 2,611 mol.
mols.KIO4 KIO4. mols.KIO4 KIO4.
B 4.663 1.786
A 0.290 0.1l
B 4.663 1.786

B 0.0595 0.013 B 4,646 1.778
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Filters and sxghon-tubes

Active O per Active O per
Analysis initial 2,611 one mol.
mols. KIO4 KIOg4
A 0.206 0.005
Totals.

Fer 1.00 mols. (230 gms.) KIO4 initially

Analysis Active oXygen originally Aective oxXygen recovered

A 8.00 7.72

B 2.00 1.80
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IODATE.
Decomposed precipitate Filtrate
Active O Active O
(equivs.) Active O per init- Active O
Analysis per init- per 6 Analysis 1ial 57.253 per 6
ial 37,95 equivs. equivs, equivs.
equivs,
A 35.69 5.637 A 0.1 0.0045
B Nil Nil B Nil Nil
Washings. Filters and syphon-tubes
Active O Active O
(equivs.) Active O per init- Active O
Analysis per init- per 6 Analysis 1ial 37.95 per 6
ial 87.98 equivs. equivs. equivs,
equivs.
A 1,25 0.039 A 0.69 0.02
B Nil Nil B Not done
Totals.
Per 3 mol. NagHoIoOy (207 gms.) initially
Analysis Acetive oxygen origlnally Acetive oxygen recovered
A 6.00 5.69
B Nil Nil
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The small amount of oxidising power found in the filtrates and
in the washings (more especlally in the latter because as the
alkali strength becomes weaker the washing of the precipitates
became more difficult) was probably due to traces of precipit-
ate passing into them as much as to the solubilities of the
barium iodate and periodate.

It was evident from these tests that iodate and periodate
together in solution can be detected and estimated by precipit-
ation of their barium ssalts,

(g) Reaction between phenol and periodate in various
media.

To four reaction tubes containing respectively 00,4783,
0.6655, 0,7561 and 0.5961 millimols. of potassium periodate
were added: -

i. 25 c¢.c¢., O,05005N sodium hydroxide + 6.29 c.c. 0,07609M
phenol.

ii. 25 c.e. 0.2003N sodium hydroxide + 8,72 c¢.c. 0.07609M
phenol.

iii. 25 e.c. saturated and solid sodium bicarbonate + 9,94
¢c.¢. phenol.

iv. 25 6.c. 0.2119N sulphuric acid + 7.83 ¢.c. 0.07609M
phenol.

All the tubes were wheeled for 19 to 20 hours, Tubes i and

i1 assumed & pale yellow colour, tube iii was considerably
darker and tube iv was a deep brown. Each solution was made
0.2N HoS04, 10 c.0. N sodium iodide added and the iodine liber-
ated titrated against 0.09983N thiosulphate. The iodine liber-

ated from the four tubes was as follows:-
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(1) Reaction between phenol and iodosobenzene in various
strengths of acid and in boraX.

The iodosobenzene used in this series of experiments had
been made four months previously and by iodometric titrations
in acid and saturated borax media analysed to the composition:~-

By weight ... Iodosobenzene ... 44.66%
Iodoxybenzene ... 31.37%
Iodobenzene .... 23.97%

Tests of the reaction between iodosobenzene and phenol were

performed in N, %,and %% sulphuric acid and in saturated borax

solution, after a short time and after prolonged wheeling; in
each case the residual active oxygen was measured by titration
of the iodine libersted from sodium iodide solution, See page
56.

In the acid media in all cases the solution turned brown
and & resinous material was formed from which, in the iodometric
titrations, dissolved iodine had to be removed by addition of a
few c,c, of carbon tetrachloride. 1In the saturated borax the
whole mass turned a dirty grey and liberated no iodine from
aqueous sodium iodide., An excess of iodine was added and the
reaction tube shaken a further two hours, after which the iod-
ine remaining was titrated against standard arsenite. 0,736
milliequivalents of ilodlne were absorbed by the residual phenol,
indicating that there remained after the iodosobenzene-phenol
reaction in borax 0.123 millimol. phenol.

It was apparent from these tests that iodosobenzene oxid-
ises phenol in acid medium as well as not being determinable in

the presence of phenol in borax solutions.
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elght A OX. Actual FhiO FhOH Time A Ox. A O0Ox.
Medium stock equivs, grams mols. mols. on left used O:PhI0O O0:PhOH
PhioO wheel. equiv. equiv.
NH5S04 .4648 4,358 2075 .9434 1,233 20 mins. 1,478 2.880 5.0638 24056
NHoSO4 .4015 5. 764 <1795 .8149 0,906 15 hrs. 0.947 2.817 3,457 3,111
mmmmo» . 4052 5.800 . 1809 8226 1.101 15 hrs. 0.879 2.921 5,561 2,092
Wmmmop . 2169 2,054 . 0969 .4405 0.493 20 mins., 1.126 0,908 2.062 1,842
SHoS04 L4972 4.665 .2221  1.009 1,209 45 hrs. 1.288  3.375  5.346  2.597
Sat. See below
NaoB4On . 2284 2.142 .1020 .4636 0.519 4 hrs. Nil 2.142 1,170
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(J) The precipitation of diphenyliodonium iodide from
solutions of the sulphate.

17 grams of pure silver nitrate were dissolved in 28 c.c.
of water, 100 ¢.c. 1.22N sodium hydroxide added slowly with
shaking and the mixture shaken for an hour. The silver oxide
settled well; the supernatant liquor was sucked off and the
precipitate shaken with successive lots of 60 c.c, of water
until acid-free, each washing being sucked off by a decantation-
syphon and titrated against 0.07N sulphuric acid. The final
washing, the twelfth, showed the liquor to be 0,0001N.

Diphenyliodonium iodide (10 grams, free from iodobenzene
and phenol) were added to the silver oxide sludge and the mix-
ture wheeled for 24 hours, The diphenyliodonium hydroxide
solution was filtered, the filtrate being a clear yellow, and
the remaining preciplitate washed with 2 x 10 ¢.¢, of water.
Titrated against 0,.1989N sulphuric acid, the solution was
0.,5397N., &5 e.c, of this diphenyliodonium hydroxide were
neutralised with 11,96 ¢,¢c. of 0.9944N sulphuriec acid, the
solution, made up to 50 ¢.c., being therefore 0,2378N, To
10 e,¢, of the sulphate solution were added 10 ¢,¢c., N sodium
iodide and, after standing, the iodonium iodide was filtered
through a tared glass filter, washed with 4 x 5 c.c, of water
and 2 X 2 ¢,¢c, each of acetone and ether, dried to constant
weight on an oil pump and weighed. The weight of iodide
(0.9789 gm.) indicated that the original iodonium sulphate

solution was 0,2599N. To a second 10 c.s. of the diphenyl-
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jodonium sulphate 0.6 gram of sodium iodate dissolved in 25
¢c.c, of water was added and the clear solution formed reduced
with 20 ¢.c¢. N sulphur dioxide. The solution was neutralised
with N sodium hydroxide solution and, after standing, the iod-
ide was filtered, washed and weighed as before, The weight of
iodide was 0.9732 gram, meaning that by this method the diphenyl-
iodonium sulphate was 0,25856N.

within experimental error, therefore, a diphenyliodonium
salt in solution can be estimated by precipitating and weigh-

ing its iodide.

(k) Diphenyliodonium silicotungstate.

This compound was prepared in an attempt to find a non-
reducing quantitative precipitant for the diphenyliodonium
radicle. To a solution of 10 mgms. of diphenyliodonium chlor-
ide in 4 c,c. of water were added 4 c.c, of a solution of
silicotungstic acid of similar strength. The almost gelatin-
ous, copious white precipitate filtered ornly w#ith difficulty
through a double layer of toughened filter paper. The pract-
ically clear filtrate gave no precipitate with sodiun iodide
solution, indicating that diphenyliodonium silicotungstate is
as insoluble as the iodide, #hen, from a solution of the iod-
onium chloride, the iodide was precipitated with sodium iodide,
the filtrate gave no precipitate of silicotungstate with silico-
tungstic acid. Apparently, therefore, the silicotungstate is

not less soluble than the iodide, 1In % sodium hydroxide solu-
tion
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the iodonium silicotungstate precipitate was just as colloidal,
and warming dissolved it irreversibly. Similarly, tests done
in dilute acetic acid showed the precipitate to be equally un-
desirable for quantitative work, the solid beilng, if anything,
even more colloidal and less easily filtered than in neutral
or alkaline solution,

(A similar experiment on diphenyliodonium picrate showed
it to be a beautifully crystalline solid of melting point 1320,
but it was more soluble in water than elther the iodide or the
silicotungstate, as was shown by washing the picrate on a filter,
when the washings gave a precipitate of lodonium iodide with
sodium iodide solution,)

Iodide seems, therefore, to be the only sultable quantit-
ative precipitant for the determmination of diphenyliodonium in
solution; this is unfortunate in that, as stated before, iodo-
metric titrations first produce free l1odine and then, in the
presence of the iodonium, form a polyliodide which is convert-
ible into the ordinary iodide only with difficulty, especially
in acid medium, Moreover, as recorded later, diphenyliodonium
thiosulphsts readily decomposes into aryl sulphides and other
products, thus preventing thiosulphate from being used with
any accuracy in titrations when diphenyliodonium salts are

present.

(1) DiEhenxliodonium sulphate and sodium hydroxide
solutions.

Two solutions were made up:=-
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(1) 0,2378N diphenyliodonium sulphate ... 10,0 c,.c.
0.1987N sodium hydroxide ...s¢0...... 47.86 c.c,
LB vive.iirnecennerssnnnessesacas 155.88 c.c.
in which (Ph2I)2.804 : NaOH = 1 : 4, and the sodium hydroxide
i1s 0.04969N.
(i1) 0.2378N diphenyliodonium sulphate ... 15,0 c.c,
0.,9936N sodium hydroxide ....es...... 19,14 ¢c.cC,
WaLBY L. iirireernsrenenssnssensssssss 61,58 c.cC,
in which (Phol)o.804 : NaOH = 1 : 2,67, and the sodium hydrox-
ide is 0,1987N.
The two vessels were kept in running water and at interv-
als the alkali-content was found by titration against 0.07228N

sulphuric acid.

P4 Volume HoS0y OH'
1me drawn. required equivalents
(i) 30 mins. 10 ¢.,c, 6.87 c,c. 0,4966
7 days 10 e,c, 6.85 ¢.c. 0,491
14 days 10 c,.c. 6.85 a,c. 0,4951
0. 1989N
(1i1) 30 mins. 10 c.c. 10.00 c¢,c. 1,989
14 days 10 c.c, 9.96 e, c, 1,981

It appears, therefore, that in the strengths of alkali

employed, diphenyliodonium sulphate, if it decomposes at all,

is very slow to do so.










































































































































































































































































































































































































































