Oct., 1942

SYNTHESIS OF RADIOACTIVE MeTtuyL lobipe

2293

[{CoNTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY OF CALIFORNIA]

Tracer Studies with Radioactive Hydrogen.

The Synthesis of Labelled Methyl

Todide

By D. HarMAN, T. D. STEWART AND S. RUBEN

In connection with our work on the Menschut-
kin reaction! it was necessary to prepare methyl
iodide with the methyl group labelled by the
inclusion of a radioactive carbon or hydrogen atom.

There are two radioactive isotopes of carbon
whose half-lives are such that they can be used as
isotopic tracers, C1! (half-life 20.5 minutes) and
CY4 (half-life 10® years). Since the supply of
CU is limited we attempted to use the shorter
lived isotope. The isotopes have already been
employed in a rapid svnthesis of other organic
compounds.?34

The synthesis of C'*Hsl used may be summa-
rized by the equations

B. coli
CUQO, + Hy a3 HCUO,H %))
HCU0.H + CH;OH —> HC!0,CH; + H,;0 @
CuOCrOs

HC!"0,CH; + 2H, ——W CHH,0H + CH;0H (3)

CUH,0H + HI — CUH;I + H,0 4)

The reduction of CO; to formic acid was ac-
complished by a fresh suspension of Bacterium
coli . >®

While the above process is practicable, the time
required is about three hours. It was therefore
decided to label the methyl groups with radioac-
tive hydrogen.” The half life of H?is about thirty
years® and, moreover, samples of high specific
radioactivity can be prepared. The chief diffi-
culty in the use of H® is in the measurement. It
emits very soft beta particles (upper energy limit
10-15 Kev)"™$® and, consequently, it must be
counted in gaseous form.

With radioactive hydrogen as a tracer for
methyl groups there are several possible modes of
preparation in addition to the one above.

HTO
(CHg)NO; ——> (TCHz)NO; —> (TCH;)NH; —>
(TCH)I (1)
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TI
CH;:N, —> (TCHy)I (@)

TOH HI
CH,N; ——> (TCHz)OH — (TCH2)I (3)
The process used here employs the apparatus de-
veloped for C1H,l, substituting HT for Ha.

Experimental

Preparation of C!'Hsl.—About 50 cc. of the aqueous
solution of radioactive formic acid was titrated to phenol-
phthalein and the solution evaporated to dryness in vacuo
at 100°, The residual sodium formate (about 0.5 g.) was
placed in a semi-micro distillation apparatus and to it was
added 1 ce. of a solution prepared from 25 g. of sulfuric
acid and 50 g. of methanol. The first distillate of about
0.2 cc. was redistilled to give about 0.1 cc. of liquid which
contained approximately 609 yield of methyl formate.
This yield could be improved. The ester was converted
to methanol and methyl iodide by essentially the same
process as described below for the tritium derivative.

Preparation of (TCH;)I.—The apparatus used, shown
in Fig. 1, was designed to recover unused radioactive hydro-
gen which was stored in bulb I.

A

/
Fig. 1.

A bulb containing the methyl formate was attached at F
and cooled in liquid air. The line including J, A and B
was filled with hydrogen three times and evacuated.
The line from K to N was swept out with a stream of
hydrogen. Initially, bulb B is filled with mercury and
bulb A has only enough to cover the end of the tube lead-
ing from B to A.

The reaction mixture of methyl formate and tritium
(HT) was prepared in bulb A by admitting the ester to a
pressure of 7.6 cm. of mercury and transferring the tritium
with the help of the Toepler pump to give a total pressure
of 76 cm. of mercury. This mixture was passed over the
catalyst in C and through the Zeisel apparatus!® at a ratc

(10) J. B. Niederl and V. Niederl, ”Organic Quantitative Micro-
analvsis,”” John Wiley and Sons. Inc., New York, N. ¥, 1938, p. 187,
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of about 10 cc, per minute by admitting mercury from B to
A. In order to maintain atmospheric pressure mercury is
added to B through M. Theliquid air trap at E condensed
the methyl iodide formed and unused tritium was returned
through B eventually to 1.

The active methyl iodide containing tritium was made in
about 2 g. quantities in better than 759, yield. The
crude material of 4%, 1.5268 melted at about —60°. It
was redistilled and the vapor passed over phosphorus
pentoxide ¢» vacuo.

Preparation and Use of Catalyst.—The catalyst was
prepared by dissolving 120 g. of cupric nitrate in 100 cm.
of water and adding a saturated solution containing 60 g.
of potassium carbonate at about 50°. The precipitated
basic copper carbonate was filtered off, washed well and
dried; 45 g. of the pulverized material was added to 100 cc.
of quartz chips (0.5 to 1 mm.) and 50 cc. of chromic acid
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solution containing 2 g. of CrO;. The mixture was well
stirred and dried on a steam-bath. The catalyst chamber
of 3.5-cc. capacity was filled with this material and the
catalyst reduced by passing about 20 cc. of hydrogen per
minute over it at a temperature of 325° for six hours,
Tank hydrogen was passed over the catalyst at 160°, the
temperature used for the reduction of the ester, for two
hours before each preparation.

Summary
Radioactive methyl iodide has been prepared
by two processes, the one leading to a compound
containing short-lived C!, the other to a com-
pound containing radioactive hydrogen. FEach
process is designed for small amounts of material.
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A Study of the Menschutkin Reaction Using Radioactive Hydrogen as a Tracer

By D. HarMaN, T. D. STEWART aND S. RUBEN

The reaction between amines and organic hal-
ides
R;N + RX —> RN™ + I- (1

has been the subject of considerable experimenta-
tion and speculation.!—¢

The kinetics of this reaction are of particular
interest because the probability factor in the rate
expression

9%—_) = ERN)(RX) = PZe~5/ET (R,N)(RX) (2)

is unusually low, and, moreover, markedly af-
fected by the solvent. For example, in the reac-
tion between Ce¢HsNH; and C;H;COCH;Br the
factor P varies from 4 X 10~!! in benzene to 5 X
1075 in benzy! alcohol.!®

The values of log P and E in different solvents
for the reaction

C5H5N(CH3)2 + CgHaCH-zBr —_—
C5H5N+ (CHa)z(CHgCeH;) + Br- (3)

as given by V. A. Gol'tsschmidt and N. K.
Vorob’ev® are reproduced in Table I.
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TasLe I

THE ACTIVATION ENERGY AND PROBABILITY FACTOR FOR
THE REACTION OF EQUATION 3

(CHj)z- CsHs-
Solvent co COCH;s CsHsNO: C:H;OH
kX 104 (30%) 80.5 84.5 118 650
E 9747 9929 11,200 13,800
—log P 4.94 5.08 6.16 8.78

For other types of reaction the value of P is
usually close to unity; the very low values in the
Menschutkin reaction imply that very few ‘“acti-
vated”’ collisions result in reaction. Many theories
have been advanced to account for this abnormal-
ity and the present paper presents experimental
results which offer a test of some of these explana-
tions.

Moelwyn-Hughes and Sherman® have assumed
that at least one of the reactants forms an un-
stable complex with the solvent and that the true
reactant is this solvated portion. In such a case
the evaluation of the product (RsN)(RX) of the
rate expression is in error and the true value of P
could be unity.

Hinshelwood,? from a consideration of Euck-
en’s! work on the variation of the velocity of
sound with frequency in the gas phase, and Nor-
rish,* by analogy with a number of photochemical
reactions, account for the apparent inefficiency of
the activated collisions by assuming an inter-
mediate collision complex which can yield the

(11) Eucken and Jaacks, Z. physik. Chem., B30, 85 (1935).



