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Mechanism of the Formation of the Diphenyliodonium Ion

By J. B. Ta. ATEN aND A. H. W. ATEN, JR.

The mechanisi of the reaction between a mixture of iodosobenzene and iodoxybenzene with silver hydroxide has been in-

vestigated by means of a radiochemical technique.

It is shown that the iodine of the diphenyliodonium ion formed is de-

rived from the iodosobenzene and the iodine of the silver iodate from the iodoxybenzene.

It has been shown by Hartmann and Meyer! that
the reaction of a mixture of iodosobenzene and io-
doxybenzene with silver hydroxide leads to the for-
mation of diphenyliodonium ion and silver iodate

CH:IO + CiH:IO, 4+ Ag¥ —> (CyHs)I* 4+ AglOs

In principle two different ways can be imagined in
which this process might take place. First the
iodine of both starting materials could be divided
equally over the two products of the reaction, which
would mean that at some intermediate stage of the
process the two iodine atoms of the participating
molecules would be equivalent. On the other hand
the iodine of one of the original substances could
go into the diphenyliodonium ion and the iodine
of the other into the silver iodate. In this case one
would, of course, expect the iodosobenzene to pro-
vide the diphenyliodonium-iodine and the iodoxy-
benzene the iodate-iodine, as was suggested by
Masson, Race and Pounder.?

To settle this question the reaction was carried
out using iodosobenzene labeled with radioactive
113! and inactive iodoxybenzene. The experiment
was performed three times and the results were
shown in Table I. Specific activities are expressed
in counts per minute per milligram of iodine. All
figures, including those given in the text, have
been corrected for radioactive decay to the same
moment. In calculating the specific activity of the
diphenyliodonium iodide one iodine atom per mole-
cule has been taken into account. This is justified
by the results obtained by Juliusburger, et a/.,* who
demonstrated the absence of exchange between the
two iodine atoms in diphenyliodonium iodide.
Their conclusions were confirmed by our own meas-
urements which showed that no activity occurred
in the excess of iodide used to precipitate the radio-
active diphenyliodonium ions.

TaBLE I
Specific activity
of the iodine
in the dsphenyl- Specific Specific
iodonium ion activity activity
of the diphenyl- of the iodine in of the iodine in
Experiment iodonium iodide  silver iodate iodosobenzene
1 375 1.2 335
2 361
327 2.7 335
312
.
3 374 6.9 344

It is seen that the activity per milligram of iodine
is about equal in the iodosobenzene used as a
starting material and in the diphenyliodonium ion
obtained. On the other hand, the specific activity
of the silver iodate is negligible compared to that

(1) C. Hartmunn aid V. Meyer, Ber,, 27, 502, 1592 (1894).

() I. Massoa, B, Race and I, I Pounder, J. Chen. Soc.,
(1939).

() I, Julinsburger, B Topley and J. Weiss, ibid., 1285 (1935).
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of the diphenyliodonium iodide and the specific
activity of the original iodoxybenzene was zero.
The course of the reaction was therefore

CsH;1*0O 4 CsH;I0, + Ag"' e (C5H5)21*+ + AgIOs

In the second experiment the weak activity
present in the iodate fraction was investigated
further. Ninety-five per cent. dissolved in am-
monium hydroxide and was assumed to consist of
Agl0Q;. The specific activity of the iodine in this
fraction was found to be 0.3. Of the residue about
one-half was soluble in a sodium cyanide solution.
This was supposed to be silver iodide. The rest,
which had a specific activity of about 1.4—assum-
ing the iodine content to be equal to that of iodoxy-
benzene—probably consisted mainly of unchanged
starting material, which in that case must have
been almost exclusively iodoxybenzene.

The slight activity of the silver iodate can be
explained by the known fact that iodosobenzene de-
composes into iodobenzene and iodoxybenzene.
This means that during the reaction the iodoxy-
benzene is already slightly radioactive. This ex-
planation is supported by the regular rise in the
specific activity of the silver iodate from the first
experiment to the third.

Experimental

Preparation of Radioactive Iodosobenzene.—Radioactive
iodobenzene was synthesized by adding iodide ions labeled
by addition of 1134 to a solution of benzene diazonium ion.
From the iodobenzene radiocactive iodosobenzene was pre-
pared by treating the former in chloroform with chlorine
followed by hydrolysis in aqueous solution with sodium
hydroxide.®

Preparation of the Diphenyliodonium Ion.—Equivalent
amounts of radioactive iodosobenzene (5 g.) and of inactive
iodoxybenzene (5.3 g.) were stirred vigorously at room tem-
perature for 4-5 hours with the theoretical quantity of
freshly precipitated silver hydroxide in about 500 ml. of
water. The yield of the reaction is unknown.

Determination of the Specific Activity of the Samples.—
Silver iodate was filtered off. The diphenyliodonium ions
were precipitated with an excess of potassium iodide. Both
substances were washed with water and dried with ethanol
and ether.

The radioactivity of the samples was determined by 8-
measurement under a mica-window counter. Corrections
for self-absorption were made by means of the graphical
method using absorption measurements in aluminum foil.
We were unable to make the organic samples quite uniform
in thickness, which tends to make the accuracy of our figures
somewhat low.
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ples of inactive iodoxybenzene used in this in-
vestigation.
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Preparation of C'*~-Methyl Labeled Dimethylaminoethanol

By CaMILLO ARTOM AND MARIETTA CROWDER

2-Methylaminoethanol (1 mM./ml.) is refluxed for 6 hours with Cl4-formaldehyde (1 mM./ml.). Unreacted 2-methyl-

aminoethanol and formaldehyde are destroyed with nitrous acid and alkaline iodine, respectively.

Cl4.Dimethylanino-

ethanol is recovered by two successive steain distillations (yield 409, based on the isotopic formaldehyde). The solution is

of isotopic purity sufficient for biological experiments.
is also added.

1n the course of our studies on the role of dimethyl-
aminoethanol (DMA) as a likely intermediate in
choline metabolism,!—% Ct%-methyl-DMA was pre-
pared by refluxing 2-methylaminoethanol (MMA)
with Cl-formaldehyde (FA) in alkaline solution.

CH;NHCH,CH,0H + 2HCHHO —>
CHH;CHyNCILCHOH + IICHOOH

The highest vield, based on the FA, was obtained
with about 1 mM. each of FA and MMA per ml.
of solution, and was but very slightly increased by
addition of formate. No DMA was formed at
pH < 7, unless formic acid was also added. A
comparison between these conditions and those of
other methods for the reductive methylation of
amines?~’ may be of some theoretical interest.
From the practical viewpoint, the present proce-
dure, in spite of its lower yield, is extremely simple
and the product is of a sufficient isotopic purity to
be used directly for most biological experiments.

Experimental

For the radioactive measurements (thin mica window or
Q-gas flow counter), both standard and unknown samples
were brought to a uniform weight by adding the proper
amounts of inactive materials (egg lipides), and were spread
as thin films onto aluminum dishes covered by lens paper.

2-Dimethylaminoethanol.—Into a small flask fitted with
a ground glass condenser, 2 ml. of a 2.5 M solution of 2-
methylaminoethanol, b.p. 158-160° (5 mM.), 1.8 ml. of u
solution of Cl%labeled formaldehyde® (300 microcuries,
4.6 mM.) and 0.7 ml. of alkaline borate, pH 10.0 (6.2 g. of
boric acid in 100 ml. of N NaOH) are added. The mixture

(1) C. Artom and M. Crowder, Federation Proc., 8, 180 (1949).

(2) C. Artom and M. Crowder, Abstracts Commuvn, XVITT Interu,
Congr. Physiol., Copenhagen, 1950, p. 78.
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AL Cohn, J. Biol, Chem., 164, 603 (1946).

(B) W. Tarpeyv, H. Hauptmann, 3. M. Tolbert and 11. Rappoport,
This Journan, 72, 53126 (1950).

7)) D, I, Pearson and J. D. Bruton, ¢bid.. T3, 864 (1951).

{8) The labeled formaldehyde was supplied by the National Labore-
tories, Oak Ridge, Tennessee. on allocation from the TU. R Atomic
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No dimethylaminoethanol is formed at pH < 7, unless formic acid

is refluxed for 6 hours, cooled and neutralized with 2 ¥ HCI.
The unreacted 2-methylaminoethanol is destroyed by add-
ing 10 ml. of 309, sodium nitrite and 5 ml. of glacial acetic
acid. After 10 minutes in ice, the mixture is made alkaline
with saturated NaOH, aerated vigorously for 0.75 hour
(to remove the oxides of nitrogen), then steam distilled
(Parnas—Wagner apparatus?) for 0.5 hour into 4 ml. of V
HCI. To eliminate traces of Cl4&formaldehyde which may
be carried over in the distillate, 1 ml. of 19, inactive FA,
1 ml. of N iodine and a slight excess of N NaOH are added.
After acidification, the excess iodine is reduced with 5%
NaHSO;.  The solution is concentrated to a few ml., made
alkaline and steam distilled again into 4 ml. of N HCI.
The distillate contained 1.87 mM. of DMA (by titration:
a 40.89, yield, based on the added FA) and 41.09%, of the
counts introduced as C14-FA,

The extent to which other isotopic products, introduced
or formed during the reaction, had been eliminated was de-
termined. Inactive formaldehyde, formic acid, or methanol
was added to separate aliquots of the solution of isotopic
DMA. The mixtures were acidified and distilled. In the
distillates the per cent. recoveries of C12 and C14 (measured
as BaCOQ; after oxidation with cold alkaline KMnO,) were,
respectively, formaldehyde, 97 and 0.08; formic acid, 90
and 0; methanol, 99 and 0.09.

From both active and inactive materials the picrolouic
acid derivative was prepared?® with variable yields (60-95%,
depending on the amounts of DMA present or added as a
carrier), The m.p. was 196° (unchanged by admixture
with an authentic sample of DMA picrolonate; reported,!
197°). Within the limits of error of our measurements,
the specific activity of the picrolonate was the same as that
calculated for the DMA in solution and was not changed
after several recrystallizations from water and alcohol.

Anal. Caled. for CrHiN;Os: C, 47.59; H, 5.42; XN,
19.82. Found: C, 47.48, 47.69; H, 5.35, 5.58; N, 19.45,
19.71.
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