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The Isotope Effect. II. Pyrolysis of Lithium 
Acetate-1-C14 
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Several recent investigations have established the 
fact that an appreciable isotope effect may occur in 
reactions involving carbon-14. Yankwich and 
Calvin1 reported a 12% effect in the decarboxyla­
tion of malonic-1-C14 acid; this work was repeated 
by Roe and Hellmann2 who found a 6% effect in 
the same reaction. Stevens and Attree3 found a 
16% effect in the hydrolysis of carboxy-labeled 
ethyl benzoate, and Stranks and Harris4 reported 
an 11% effect in the absorption of CO2-C14 by a 
cobaltamine complex. Ropp, Weinberger and Ne­
ville5 found an 8.6% effect at 25° in the dehydra­
tion of labeled formic acid. Theoretical discussions 
of the isotope effect have recently appeared.6'7 

The pyrolysis of an acid salt yielding a ketone 
and carbon dioxide (or a carbonate) has been used 
frequently as a degradative procedure in organic 
tracer work as a means of determining the amount 
of isotopic carbon in the carboxyl group of the acid; 
each of the two products was assumed to contain 
the same molar concentration of isotopic carbon 
that was originally present in the carboxyl group. 
This assumption has been shown to be valid 
enough under certain conditions for most purposes8; 
however, except for a study of barium adipate in 
which no fractionation of ordinary carbon con­
taining 1.06% C13 was found,9 no report appeared 
to be sufficiently exact to preclude the possibility 
that an over-all isotope effect might be taking place 
in the reaction where carbon-14 was involved. 

A careful study of the pyrolysis of lithium ace-
tate-l-C14 was therefore undertaken to determine 
if an isotope effect did occur; no isotope effect 
was found. Lithium acetate was chosen because 
it is reported10 that pyrolysis of it gave an ex­
cellent yield of acetone. The reactions which 
take place are indicated in the accompanying equa­
tions. 

CH3C14OOLU 490° SCH 3 -C 1 4 O-CH 3 - I -L i 2 C 1 2 O 3 (1) 
CH3C12OOLi t *" / C H 3 - C 1 2 O - C H 3 + Li2C14O3 (2) 

490° 
2CH3C14OOLi > C H 3 - C 1 4 O - C H 3 + Li2C14O8 (3) 

490° 
2CH3C12OOLi ——>- C H 3 - C 1 2 O - C H 3 + Li2C12O, (4) 

If equations 1 and 2 proceed at different rates, then 
the molar concentrations of carbon-14 in the ace­
tone and carbonate will differ from each other and 
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from that of the lithium acetate. Reaction 3 is 
unimportant because of the relatively small amount 
of tracer material present. 

The results of the work are summarized in Table 
I in which the activities (expressed in millivolts per 
millimole per second) are compared. Since the 
activities of the acetone and acetate are identical 
within limits of experimental error, it is evident 
that there is no over-all isotope effect. The low 
value for the activity of the lithium carbonate is 
attributed to dilution resulting from contamination 
with C1-Oo arising from a certain amount of de­
composition which always takes place during the 
reaction. This was expected in view of the re-
ports8a'8b that a certain amount of activity was 
found in barium carbonate from pyrolysis of 
we//ryMabeled barium acetate. (In this Labora­
tory, Mr. E. L, Albenesius has found that on py­
rolysis of methyl-labeled lithium acetate, approxi­
mately 2% of the activity was detected in the 
lithium carbonate formed.) 

TABLE I 

ACTIVITIES OP REACTANT AND PRODUCTS IN THE PYROLYSIS 

OP LITHIUM ACETATE-1-C 1 4 

Activity, mv./ Av. deviation 
Compound sec./mmole from mean 

Lithium acetate 49.1 ± 0 . 1 
Acetone 49.0 ± .1 
Lithium carbonate 48.2 ± . 1 

It has been pointed out9 that whether or not an 
isotope effect will be observed in disproportionation 
reactions depends on whether or not the labeled 
atom is involved in the bond rupture (or formation) 
when the symmetry of the molecule is destroyed. 
The fact that no isotope effect was found in the 
present pyrolysis indicates that neither the cleavage 
nor the formation of a C12-C14 bond is involved in a 
step in which the symmetry of the molecule is 
altered. 

Further work on the isotope effect is in progress 
in this Laboratory. 
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Experimental 
Preparation of Lithium Acetate-1-C14.—Acetic acid-l-C14 

was prepared by carbonation of methylmagnesium iodide 
with C14O2 at —70° in a manner and in an apparatus some­
what like that previously described.11 After steam dis­
tillation, the acetic acid was neutralized with carbonate-
free lithium hydroxide solution, after which a drop of acetic 
acid in excess was added, and the solution evaporated to 
dryness. The lithium acetate was recrystallized from eth-
anol and dried at 110°. Activity measurements taken from 
time to time over a period of eight months showed no change. 
Approximately 6 g. of acid having an activity of 150 mv . / 
sec./mmole was prepared; this was diluted 2-3 times with 
inactive material for the reactions. 

Pyrolysis of Lithium Acetate-1-C14.—Ten pyrolyses were 
carried out as follows: approximately 2.5 mmoles of lithium 
acetate was weighed into a platinum boat five inches long. 
The boat was inserted into a platinum sleeve of equal length 
and the assembly inserted into a Pyrex combustion tube 
maintained at 490° with an electric furnace. The acetone 
produced was swept out by means of a nitrogen stream and 

(11) Reference 8b, p. 175, and following. 
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was collected in one of three ways: (1) in a saturated solu­
tion of 2,4-dinitrophenylhydrazine in 2 JV hydrochloric acid, 
(2) in Dry Ice traps, (3) in liquid air traps. The yield of 
acetone by any of these procedures was in the neighborhood 
of 80% as determined by precipitation of the 2,4-dinitro-
phenylhydrazone. 

Methods of Activity Measurement.—All samples were 
converted to carbon dioxide by combustion; the carbon 
dioxide was collected in an ionization chamber and the ac­
tivity measured using a Vibrating Reed Electrometer (Model 
30, Applied Physics Corporation, Pasadena). Activities 
are expressed in terms of millivolts per second per millimole. 
One microcurie of activity corresponds to approximately 
350 mv.Zsec.Zmmole. An ionization chamber containing 
a small piece of radioactive polystyrene was used as a stand­
ard to eliminate small daily fluctuations of the Reed. 

The lithium acetate was assayed by wet combustion of 
weighed samples with Van Slyke-Folch12 oxidizing mixture; 
the carbon dioxide produced was either led directly into the 
ionization chamber, or collected in carbonate-free base, pre­
cipitated as barium carbonate, and the barium carbonate 
acidified, the liberated carbon dioxide then being led to an 
ionization chamber as before. The two methods gave re­
sults agreeing closely. The activity in Table I is the aver­
age of twenty determinations. 

The acetone was best assayed by collecting in Dry Ice or 
liquid air traps, and oxidizing with Van Slyke mixture; 
at tempts to assay the 2,4-dinitrophenylhydrazone gave less 
satisfactory results. The activity in Table I is the average 
of nine determinations. 

The lithium carbonate was decomposed by acid and con­
verted to barium carbonate which was in turn acidified and 
the carbon dioxide measured as before. The activity value 
in Table I is the average of sixteen determinations. 

(12) D. D. Van Slyke, J. Folch and J. Plazin, / . Biol. Chem., 136, 509 
(1940). 
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Friedel-Crafts Synthesis of Functionally Labeled 
Ketones 

BY ROBERT J. SPEER AND J. K. JEANES 

This Laboratory, under the auspices of Atomic 
Energy Contract AT-(40-1)-274, has undertaken to 
develop suitable methods for the synthesis of func­
tionally labeled ketones from carboxylic acids and 
their derivatives. Shantz and Rittenberg1 have 
reported the preparation of acetophenone-carbonyl-
C14 from sodium acetate through the intermediate 
acetic anhydride. Brown and Neville2 have se­
cured this same product directly from acetic acid. 
In addition, benzophenone-carbonyl-C14 was ob­
tained as an intermediate in a synthesis reported by 
Fleming and Rieveschl.3 Despite these investiga­
tions, information is unavailable relative to the 
generality of the methods employed, and in many 
cases experimental details are lacking. This study 
had as its primary purpose an evaluation of the gen­
erality of the Friedel-Crafts method for production 
of functionally labeled ketones from carboxylic 
acids. It has proven feasible to extend this syn­
thetic method to include alkyl-aryl, diaryl and alicy-
clic ketones. As specific examples, acetophe-

(1) E. M. Shantz and D. Rittenberg, T H I S JOURNAL, 68, 2109 
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none-C14, propiophenone-C14, stearophenone-C14, 
^-methylbenzophenone-C14, benzophenone-C14, p-
methoxybenzophenone - C14, p- chlorobenzophe-
none-C14, acenaphthenone-C14 and l-indanone-C14 

have been prepared in yields ranging from 71 to 
89% of theory. In many cases, existing procedures 
have been simplified and isotopic conversion ef­
ficiencies improved.4 

In the course of this study, acetophenone and pro-
piophenone have been prepared directly from the 
corresponding potassium salts of acetic and propi­
onic acid. Eliminating as it does, the necessity for 
isolation of the free anhydrous acids or the prepara­
tion of the volatile acid chlorides and anhydrides, 
this innovation constitutes a very practical advan­
tage in the handling of isotopic materials. 

(4) For full experimental details order Document 3501 from Ameri­
can Documentation Institute, 1719 N Street, N. W., Washington 6, 
D. C , remitting $1.00 for microfilm (images 1 inch high on standard 
35-mm. motion picture film) or $1.00 for photocopies ( 6 X 8 inches) 
readable without optical aid. 
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A Method for the Synthesis of High Specific 
ActivityBenzene-C1412 

B Y ROBERT J. SPEER, MARY L. HUMPHRIES AND AMMARETTE 
ROBERTS 

A semimicro method for the synthesis of high spe­
cific activity benzene-C14 has been developed. Po­
tassium cyanide-14, pimelic acid-l,7-C14, cyclohexa-
none-C14 and cyclohexane-C14 were employed as in­
termediates in the sequence of reactions3 as follows: 

Fe4 (1) Br(CH2)6Br5 

NH 3 (2) HCl 
BaC4O3 > KC *N > 

85-95% 8 1 % 

O 
!!* 

BaCO3 X H2NNH2' 
- C * 0 2 ( \ KOH 

HOOC*(CH2) (C*OOH > > 
70% \J 74% 

II I I I 

U 87% U 
IV V 
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