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" ABSTRACT
B~
I. THE SYNTEESIS OF TOLUENE-1,3,5-C14-AND OKALIC.Actpbcl®
e T Mg

FROM PYRUVIC ACID-cX -C-% ~4:_£:;57\“ég?>-5 T
LAg o= :' *’V ‘
IT. THE MECHANISMS OF THE REACTIONS ékf;' ¥ on 4 {\‘ :
e pe " Tun 0 o py, Q@
By “dsyn Ui AUpy St
3 ICAno‘A'J\-LvE}; ? HOR‘!T]'
Dorothy M. Hughes and James C. Reid COMQHTTEE

Radiation laboratory and Department of Chemistry
University of California, Berkeley*

September 15, 1948

ABSTRACT

1. A synthesis of toluene labeled with c1% in the l, 3 and 5
positions of the ring is described. Labeled oxalic acid is obtained
as a second product. The starting material is pyruvic aacid—c&-clé;

. the yields of toluene and of sodium oxalate are 62% and 84%, respectively.

2 Certain aspects of the mechanisms of the reactions involved
have been checked by tracer technique, with results congistent with con-
cepts expressed in the literature.

3 Tﬁe decarboxylation of methyldihydrotrimesic acid by sulfuric
acid has been found to proceed by loss of the carboxyl carbon atom as car-
ben monoxide, not carbon dioxide. The formetion of di- and tetrahydro-
uvitic acids in this reaction is therefore qguestioned.

4. It is shown that pyruvic acid synthesized from acetyl bro-
mide-l-C14 via pyruvonitrile may be contaminated with 50% of radioactive

acetic acid.

* This paper is based on work performed under Contract #WF74057En$-48
with the Atomic Energy Commission in connection with the.Radlatlon
Laboratory, University of Californie, Berkeley, California.

For publication in The Journal of Organic Chemistry
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I. THE SYNTHESIS OF TOLUENE~-1,3,5—C14 ARD OXALIC ACID—C14
FROM PYRUVIC ACID-z -cl%
11. THE MECHANISMS OF THE REACTIONS
By
Dorothy M. Hughes and James C. Reid

Radiation Laboratory and Department o{ ghemistry
University of California, Berkeley 1

September 15, 1948

For the purpose of carrying out many types of tracer studies, it is
necessary to have aromatic compounds labeled in the ring with isotopic

carbon. A useful intermediate for the synthesis of such compounds would

be tcluens. At the suggestion of Prof. Melvin Calvin, the authors have
investigated the feasibility of synthesizing toluene-C14 by decarboxylating
uvitic acid (I1), ?repared from pyruvic acid~r}‘..,—Cl4 via methyldihydro-
trimesic acid (I). A valuable feature of this scheme is the formation of
oxalic acid, a useful compound, which should be labeled if the scheme which
has been postulated (2) for the condensation of pyruvic acid to methyldi-
hydrotrimesic acid is correct. Although there is no reason to doubt the
correctness of the @sential features of this postulate, it was thought to

be of interest to apply those checks which tracer technigue affords, since

(1) This paper is based on work performed under Contract No. W-7405-Eng-48
with the Atomic Energy Commission in connection with the Radiation
Laboratory, University of California, Berkeley, California.

(2) L. Wolff, Ann., 305, 125 (1899).
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there are still comparatively few instances in which mechanisms formulated
from considerations of the classiéal . types have been directly checked
with isotepic carbon. Accordingly, the specific activities of the inter-
mediate compounds have been determined, and the mechanisms of all the re-
actions involved in the synthesis checked with'respect to the fate of the
tracer carbon atoms.

The reaction segquence is described in Fig. }, which includes the pre-
viously postulated (2) course of the reactions leading to the formation of
uvitic acid (eguations A and B). It will be shown that eguation B is in
srror with respect to the minor products. Positions expected to be

labeled are marked with an asterisk.

Experimental

The redicactivity measurements were made by converting each organic
sample to barium carbonate, which wés mounted on & thin aluminum disc and
coun£ed with a G-M counter of the end window type. The techniques em-
ployed are described elsewhere. (3) All samples were counted long enough
to reduce the statistical error to 1% or less.

Methyldihydrotrimesic Acid and Sodium Oxalate from Pyruvic Acid: -

A 0.4802 g. portion of pyruvic acid-fi—C14 (4) which had been prepared

(3) W.C. Dauben, J. C. Reid, and P. E. Yankwich, £nal. Chem., 19, 828(1947).

(4) We are indebted to Mr. R. lu. Lemmon for the synthesis of the radio-
active pyruvic acid. The method of synthesis, described in outline
in another place (R. M. Lemmon end M. Calvin, J. Am. Chem. Soc., 69,
1232 (1947)) utilizes the following reaction seguence:

CHz800H -—+ CHg8O0Br - v > CHglOON - 5 CHz COCOOH
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three weeks previously and stored in a refrigerator, was diluted with
10.124 g. of freshly distilled inactive pyruvic acid. The mixed acid
(0.121 mole) was added dropwise to & solution of 22 g. (0.55 mole) of
sodium hydroxide in 39 ml. of water, which was contained in a 125 ml..
Brlenmeyer flask cdooled in ice. The acid was added slowly to the solution,
which was swirled to minimize loeal heating; the time required wes aboﬁt
one half hour. If local heating was excessive, or if the order of hixing
was reversed, the yield was lowered. After the acdid haa been added, the
pale yellow solution was heated 3.5 hours on a steam bath. During this
time, the color became deep orange, and & precipitate of sodium oxalate
appeared. The mixture was chilled and the sodium oxalate was collected
on a sintered glass filter, where it was washed with three 5 ml. portions
of 12 I sodium hydroxide. The bulk of the product was left in crude

form for future use; the total amount of oxa&lic acid present was deter-
mined by permanganate titration of an aliguot to be 84% based on pyruvie
acid.

To obtain & pure specimen for radioactive ascay, a portion of the
crude sodium oxalate was dissolved in 1 M scetic acid, carbon dioxide
was boiled out of the solution, and the oxalic acid was precipitated as
its barium selt. The barium oxalate was dissolved in 3 M hydrochloric
acid and the solution was evaporated to dryness on & steam bath. The
residue was transferred to a small sublimation apparatus, and the oxalic
acid was recovered by vacuum sublimation. The sublimed acid was crystallized
twice from water and dried in air.

Methyldihydrotrimesic acid was precipitated from the filtrate left

after removal of sodium oxalate by acidification with concentrated hydro-
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chlorié acid. The solution was cooled in ice during the acidification,
and the acid was added slowly enough to prevent the temperature from
rising above 60° as a precavtion against decomposition of thé methyl-
dihydrotrimesic acid. A total of 50 ml. of hydrochloric acid was added;
then the mixture was filtered. Sodium chloride was washed out of the white
solid on the filter with 25 ml. of water in 3-4 ml. portions. The yield of
acid, dried in high vacuum at room temperature, was 4.97 g.; 67.5% based on
pyruvic acid. The principal impurity in the crude product was sodium
chloride; purification of & sampie for radioactivity assay was accomplished
by crystallizati5n from dilute ethanol at a temperature below 60°. The
purified acid &bsorbs atmospheric moisture to form & monohydrate; drying
in high vacuum gives the anhydrous compound. The radicactivity measure-
mént was performed on the hydrate.

The filtrate left after removal of the methyldihydrotrimesic aciad
was subjected to continuous ether extraction for 8 hours. Evaperation of
the ether left a syrup. When this was dried in vacuum a brittle brown
material was obtained, which weighed 1.60 g.; it readily absorbed moisture
from the.atmosphere and ggain became syrupy. The material was burned in

toto to determine its activity. (5)

(5) Several experiments were performed to investigate the behavior
of this substance on decarboxylation. Subjection of the material
to decarboxylating conditions with several catalysts gave, in the
most favorable cases, mixtures of volatile liguid products which
were largely olefinic in nature. The amounts formed were small,
and the mixtures were complex; consequently, no use except isotope
recovery was made of the syrup.
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The water solution from the ether extraction peration was neutralized
with sodium hydroxide and evaporated. The activity of the residue was
determined by heating an aliquot in & combustion train until all the
carbonaceous meterials were burned out of the rather large aﬁount of
salt present. The carbon dioxide wess recovered as barium carbonate; this

is referred to in Table 1 as Barium Carbonate I.

Uvitic Acid from Methyldihydrotrimesic Acid: - The decarboxylation

apparatus consisted of a 125 ml. conical flask bearing two ground necks.
The center ‘neck was fitted with a compensated dropping funnel, and the
side neck carried a tube to conduct gas out of the flask. The tube ex-
tended 2 short distance into the flask and its end, which was drawn to
small diameter, was bent up to serve as a spray trap. Provision was made
for introducing & current of nitrogen, purified by passage through a
preburner and & carbon dioxide absorbér, into the system through the mouth
. of a dropping funnel. A stopcock was situnted in the line just ahead of
the dropping funnel, After leaving the flask, the gas passed through &n
absofber containing 1 M sodium hydroxide, then over copver oxide heated

to 550°, and finally through a second absorber containing alkali. Atmos-
pheric carbon dioxide was excluded frem the system by & guard tube attached
at the outlet.

Into the flask was placed 4.74 g. of dry crude methyldihydrotrimesic
acid, and 20 ml. of concentrated sulfuric ascid was placed in the funnel.
The apparatus was assembled, and the air was swept‘out with nitrogen. The
stopcock was closed and the acid was run into the flask from the dropping
funnel. The mixture was heated in an oil bath to 1209, and decarboxylation

commenced. When the initial evolution of carbon monoxide
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had subsided, the stopcock was opened to admit a current §25 cce./min.) of
nitrogen, and the temperature of the bath was raised to 150° C where it

was held for 2 hours. At the end of this time, the reaction mixtufe was
cooled somewhat and poured into 100 ml. of water; this caused the uvitic
acid to separate. The mixture was allowed to become hot, for by this pro-
cedure & product was obtained which was less difficult to filter than one
prepared in the cold. The crude, gray uvitic acid was collected on &
sintered glass filter and carefuily washed free of sulfate. (6). The yield
of crude vacuum dried acid was 3;53 g.; 100% based on methyldihydrotrimesic
acid.

To obtain a pure specimen for radioactivity assay, an aliquot was
crystallized from dilute ethanol, with the use of charcoal, then crystallized
again from dilute ethanol and dried under high vecuum. The neutralization
equivalent of & specimen so purified was 90.5; calculated for anhydrous
uvitic acid, 90.1.

To the alkdli in each of the absorbers was added excess barium
ehloride solution and the precipitates were collected. The material from
the first absorber weighed 0.149 g. after subtraction of the blank; 3.9%
of the theoretical guantity based on methyldihydrotrimesic acid. It was
shown by permanganate titration to contain 6% barium sulfite; the rest
was carbonate. Tris specimen is referred to in Table 1 as Barium Car-
bonate I11.

After correction for blank, the bariwm carbonate obtained from the
second absorber weighed 3.689 g., 96.8% of theoretical. This specimen

is referred to in Table 1 as Barium Carbonate I11.

(6) Unless sulfate was completely removed, the toluene obtained by
decarboxylation of the uvitic acid contained sulfur dioxide.
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Toluene from Uvitic Acid: - The apparatus used for the decarboxylatibn

. of uvitic acid is shown in Fig. 2. The reaction vessel A is & 2 x 23 cm.
Pyrex tube with & side arm, which terminates in a 10/30 ground joint, -
attached a short distance below the mouth. Provision is made for admitting
purified nitrogen through a 2}/@0 ground joint, whose iﬁner member has an
extension which protrudes into the vessel to a point a few millimeters above
the side arm. Tre tube is heated by a salt bath; a Transite disc B pre-
vents the silicone lubricant in the ground joints from becoming excessively
hoti The vessel is connected to the unit D which eonsists of a fore trap,
whose capadity is about 5 ml., sealed to a second trap consisting of six
turﬁs of 7 mme Pyrex tubing terminating in a 5 ml. receptacle r. The out-
let of D is connected to a carbon dioxide absorber (not shown) containing

1 M sodium hydroxiée. A guard tube fo excludevatmospheric carbon dioxide
completes the train. A Transite shield C protects D from the heat of
a thermostatically controlled electric heater used to heat the salt bath.
Vessel A was charged with 3.44 g. of dry crude uvitic acid, 0.50 g.
‘of powdered cupric oxide, and 10 ml. of freshly distilled synthetic quino-
line; it was then connected to the train. The air was swept out of the
system with nitrogen, and the stopcock at the entrance to A was closed.
A Dry lce-isopropanol mixture was placed around the spiral trap and the
temperature of the contents of A was raised from 150° to 2652 C over a
period of one hour. The stopcock was then opened, and a current of puri-
fied nitrogen was passed through the apparatus for 3 hours, while the salt

Bath wes held at 265 & 5°, The fore trap was not cooled; it collected
some water and toluene, and most of the small amount of guinoline which
distilled with them. This partial removal of extraneous substances re-

duced difficulty from plugs of frozen material in the coils of the spirel

trap.
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The spiral trep was watched closely and the cooling bath was re-
moved for a brief time if necessary, to allow plugs to melt and fall
into the receptecle. Toward the end of the reaction, toluene in the fore
trap was driven into r by stroking the trap with a soft flame,

when the reaction was finished, bariwm carbonate was precipitated
from the absorber solution. The yield was 7.45 g. after correction for
blank; 98.5% of the theoreticel. This specimen is referred.to in Table 1
as Barium Carbonate IV.

The toluene was purified with the aid of the apnaratus shown in
Fig. 3. This consists of a high vacuum manifold to which are attached
vescsels D, F, and G. A trap H &s situated in the line. The unit D con-
tains the crude toluene; the entrance to the fore trap is closed by a
ground glass plug. Vessel F contzins about 10 g. of phosphorus pentoxide,
end G is a receptagle made by sealing a 3 mm., straight bore stopoock to e
15 ml. graduated conical centrifuge tube. The stopcock.and the ground
joint by which the receptable is attached to the manifold are sealed to
the centrifuge tube on & lathe, to insure that all the segments are co-~

axial; it is then possible to insert a long cepillary pipet into the tube

to withdraw portions of toluene for use, ana the receptacle can be used
as a storage vessel.

The contents of the spiral trap were frozen in ligquid nitrogen and
the pressure in the entire éystem reduced to 5 microns; stopcocks 2 and 3
were then closed. The toluene was transferred to F by cooling that vessel
with liquid nitrogen while D was allow;d to warm up. When most of the
toluene had distilled, D was warmed in & bath of water at 40°. A pressure
of about 50 microns developed during the transfer as the materials in the

system released entrained gases; toward the end of the operation these

gases interfered with the diffusion of toluene. To obtain the last of the
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toluens, 2 was opened and the system wes re-evacusted. The residual
toluene condensed in H, which was cooled in liguid nitrogen. Stopcock 1
was then closed and the toluene in H was distilled into F.

Stopcocks 4, 5; and 7 we%e closed and F was removed from the line.
By gantiy sﬁéking the vessel, the phosphorus pentoxide and toluene were
distributed in a layer over the entire inside wall area except the region
near the stopcock. The vessel was again attached to the manifold and the
toluene was distilled into G. A soft flame was passed a few times over F
to drive out the last of the toluene.

The yield was 1.610 g.; 91.5% based on uvitic acid, or 62% based
on pyruvic acid. The purity of the produect was investigated with a samplé
prepared in a8 pilot run with inacti;e pyruvic acid. The boiling renge
wes 110.6-111,1; nz%, 1.4978, Mass spectrometric snalysis (7) showed the
total amount of impurities in the range of mass numbers O to 200 to be

about 0.2%. Regions scanned with particular attention were those corres-

ponding to benzene, xylene, methylecyclohexane and methylcyclohexene. The

height of the toluene peak corresponded to 100.2 % 0.2% toluene.
Discussion

The radicactivity measurements are recorded in Table 1. The molar
specific activity to which reference is made in the heading of the third

Column. is the specific ectivity of the compound multiplied by its mole-

(7) We wish to trank Dr. N. Bauer and the Califcrnia Research
Corporation for the mass spectrometric analysis.
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cular weight. The ratios are calculated with the molar specific activity

of the methyldihydrotrimesic acid as the denominetor; each

multiplied by three to obtain integfal values.
expressed, for .the compound to which it refers, the number

in the molecule which were ketonic carbon atoms in pyruvic

Tablg_ _1_

Each value

ratio has been
so calculated
of carbon atoms

acid, assuming

Radio&ctivity Measurements on the Reaction Products

:
H

i

(a) Not measured directly; computed from:the amount by which the
active acid was diluted. :

" Compound Sp. Act. Molar Sp. Act. ‘Total Act.

' cts./hin./hg.AMolar Sp.Act. MDTA as % of

— — . Initial -
' Undiluted active pyruvic acid 9420 i - 100

. Diluted pyruvic acid 427 (a) | 2.08 © 100
Methyldihydrotrimesic acid é ;

, Monohydrate 223 ; 3.00 24.5

., Oxalic acid : i
;Dihydrate 150 % 1.04 11.3

- Syrup 464 - ; 16.5
'Barium Carbonate I 66.3 - 8.82 |
! i
! Uvitic acid 302 2.98 23.7

| | |
IBarium Carbonate II .68 ~ 0 1 .0022:!
i _ ; ;
| Barium Carbonate IITI 049 | ~ 0 .0029,
L i |
EToluene 589 2.98 | 21.0

: : ?

‘Barium Carbonate IV ! .07 P~ 0 .010




UCRL-180

-14-
that three of the ketonic atoms have been incorporated into methyldihydro-

trimesio acid. Why the specific activity'of pyruvic acid is not made the
denominator of the ratio will be made clear below. The ratios show that
for each ketonic carbon atom which appears in oxalic acid, three appear in
methyldihydrotrimesic acid, and that these threse are not lost in the
succecding reactions which lead to toluene. These facts are in accord
with the mechanisms implied by the equations in Fig. 1. It is on the
strength of this that the assignment of the poéitions of the tracer atoms
has been made.

The molar specific activity ratio for pyruvic acid should be unity;
actually it is 2.08. The explanation of this discrepancy is contained in
the activity totals tabulated in the fourth column of Table 1. These
numbers show that the sum of the total activities of the methyldihydro-
trimesic acid, oxalic acid, and syrup is only 52% of the total activity
of the pyruvic acid. Since the total weight of these three substances

accounts for substantially all of the pyruvic acid, the radicactive (un-
diluted) preparation must have contained radioactivity impurity, which
amounted to about 50% by weight.

A potentiometric titration of the pyruvic acid gave-an eguivelent
woight corresponding to 90% pyruvic acid; the-impurity is therefore acidic.
although only one break was detectable on the titration curve. The fact
that the final residue of salts contained a small part (18%) of the missing
activity means that the impurity is extracted from acid solution by ether,
but only slowly. Since the syrup did not-contain an appreciable amount
of the activity extracted, the impurity is a volatile substance, which

was lost when the syrup was dried in vacuum.
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To verify these obSerVations, & confirmatory experiment was performed.
In this run, a sample of the diluted pyruviec acid was subjected to radio-
activity assay to check the specitic activity of the undiluted preparation.
The specific activify values obteined by direct measurement and by calculation
from the dilution factor agreed within 3%. After isolation of methyldihydro-
trimesic acid and sodium oxalate, an aliquot of the filtrate was subjected
to radiocactivity aséay; the ether extraction was omitted. The activity

measurements are tabulated in Table 2.

Table 2

Radioactivity Measurements Obtained in the

Confirmatory Experiment

{Specimen :Total Activity . Weight as % T

! ias % of Initial ; of Theoretical ]
§ i |

[Diluted pyruvic acid : 100 : 100

| »

?Methyldihydrotrimesic acid 19,1 g 58 (a)

j0xalic acid 9.7 § 79 (b)

\Filtrate 83.9 | -

i Total  §2.7

§ (a) Theoretically equivalent to 43.5% of the total initial activity.

2 (b) Theoretically eguivalent to 19.8% of the total initisl activity. !
{

Again, the large discrepancy was observed between the sum of the
percentages of pyruvic acid converted to methyldihydrotrimesic and oxalic
acids and the sum of the percentages of the total initial activity which

were found in these compounds; most of the missing activity was found in
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the liguor left after their removal. Although it is clear from the total
activity values in Table 1 that the impurity did not participate in the re=
actions under study, it was identified definitely as & matter of interest.
Thq method used to synthesize the pyruvic acid (4) suggested that the
impurity was'acetic acid, as did the observations just recorded concerning
its behavior. The identification was made by determining the Duclaux
numbers of the acid distillable from the liquor obtained in the cénfirmatory
experiment after removal of methyldihydrotrimesic and oxelic acids. The
liquor was freed of chloride by treatment with silver oxide, then was
filtered and adjusted to pH 3 with sulfuric acid. The Duclaux numbers
are given in Table 3. The specific activities of the first and last
fractions of the diétillate were found (8) to be 8.8 x 10° and 9.0 x 10°
cts/hin/ﬁeq respectively; in contrast to these values the specific activity
of the diluted pyruvic acid was 3.26 x 104 cts/min/meg. There was 0.799

milliequivalent of acetic acid in the 50 ml. of distillate collected.

Table é

Duclaux Numbers for the Contaminant

Total Volume of ‘ Lcid Content &s 7 % Expected for
Distillate, ml. % of Total Distilled | | Acetic Acid N
: .
10 20,7 g 18.7
20 39.9 : '38.2
30 59.4 | 57.4
40 79.6 f 78.6
.50 (a) » 100 ; 100
(a) The distillation was interrupted wheﬁ 50 ml. of distillate
had been collected because ths large amount of sodium sul-

fate present caused ummanageable bumping.

(8) by evaporating an aliquot of the solution on a gkass plate and
counting the sodium zcetate directly
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This should be about 34% (9) of the acetic acid originally present in

the liquor; from this it can be calculated thet the liguor contained
7.2 x'loé cts/min of acetic acid, and the undiluted pyruvic acid con-
tained about 47% acetic acid by weight, a value in satisfactory agree-
ment with the estimate of 52% mentioned earlier.

The Duclaux identification was confirmed by converting the acefic
scid to its anilide. To a portion of theDuclaux distillate containing
11.1 mg. of active sodium acetate was added inactivé acetic acid eguivalent
to 334 mg. of sodium acetate (both values were determined by titration).
Sodium acetate was obtained by evaporating the solution snd converted to
acetanilide; the purified derivative had a .specific activity of 264 cts/min/mg;
' calcﬁlated, 212. The discrepancy can reasonably be zttributed to a slightly
low value in the direct count of sodium acetate.

It was found that in the formation of uvitic acid (equation B) methyl-
dihydrotrimesic acid loses its carb;xyl carbon atom as carbon monoxidse, not
carbon dioxide as reported in the earlier work of Wolff. That the gas
evolved is carbon monoxide is shown by the fact that very little barium
garbonate, and still less sulfite, was recovered from alkali through which
the gas had passed; by passage over hot copper oxide, however, carbon
dioxide was formed in essentiélly guantitative yield.

In order for methyldihydrotrimesic acid to form uvitic acid by loss
of carbon dioxide, the extra hydrogen atom attached to the number two
position of the ring must be disposed of in some way; the opinion expressed

in the earlier work is that a certain amount of di- and tetrahydrouvitic

(9) A. A. Motton, "Laboratory Technigue in Organic Chemistry", p. 132.
First edition (1928), McGraw-Hill Book Company, New York.
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acid, and perhaps analogous methyltrimesic acids are formed. Such materials
were thought to bompose the bulk of certain syrups obtained under various
decarboxylation conditions, although in general the syrups were difficult
to work with and this fact precluded the isolation of pure compounds from
them. The high yield of uvitic acid obtained when concentrated sulfuric
acid is used as the decarboxylation catalyst is stated (1) to be due to

its ability to oxidize the extra hydrogen and thereby prevent the formation
of the hydrogenated écids. Since the sulfuric acid does not function in the
reaction as an oxidizing agent, yet the yteld is quantitative, it is
guestionable, in view of the apparent inadequacy of the analytical

method which must have been used to identify the evolved gas, to what

extent the formation of di- and tetrahydro acids occurs.

(10) Wolff, loc. cit., p. 129.
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