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Summary

As a result of a number of isotopic and non-isotopic
pyrolyses of salts cr»carboxylic acids, a new theory for
the mechanism of these thermal descompositions has been
proposed,

Pyrolyses were earried out of the acetates, and of
6qnimolar mixtures of the acetates and formates, of the
following metels :=~ lithium, potassium, ezleiuwm, strontium,
berium, sodium, manganese(ous), megnesium, zinc and lead.
A pumber of equimolar mixtures were also prepared in which
one c: the salts was enriched in the carboxyl position with
136, namely, acetate-~formate, acetate-phenylacetate and
formate~benzoate,

These investigations into the effect of the metsal in
the pyrolyses showed that, in gensral, an increase in the
- electronegativity of the cation is favourable to ketone
formation, except in those cases where the pyrolysis
residus consists of the metal oxide end not of the metal
cerbonate, and also that, when the carboxyl carbon of one
of the salts is isotopically lebelled, the enrichment of
the carbonyl earbon of the resulting keﬁone is unatroqtod
by changes in the c¢ation.

Some pyrolyses were alseo carried out in an atmosphere
containing nitric oxide and the results of these indicate

- that a free radical mechanism is not operative.



Calcium trimethylacetate was pyrolysed and the products
of the decomposition were found to be isobutylene and
trimethylacetaldehyde, An attempt wae also made to reproduce
the work of Xenncr and Morton who obtained dibenzyl ketone
on pyrolysis of the calcium salts of g-, m- and p-
¢hlorophenylacetic acids, No dehalogenation was found
however and the only product obtained wes dichlorobenzyl
ketone.

From these and other experiments, it 1s suggested that
the first stage in these reactions is heterolytlc cleavage
of the B-C bond in the salt R-COOM to give the carbonium
1on R* which then reamets with a further molecule of salt to
give the ketone. It 18 unnecessary to propose complete
seperation of the lons and the existence of & transition
state complex is suggested,

This mechanlism satisfectorily explaines the results of
the experimental work and also allows an explanation to be ,
given to certain observatione of other workerg, e.g. the
rearrangements found by Oock, ¥iller and Whitmore in the
catelytie decomposition of isobutyric acid snd the work of
Lee and Spinke who found in & series of carboxylic'acida
the order of ease with which the carboxyl group is lost in
forming the ketone.
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Part I ~Historiecal Introduction.

For over a century it has been known that the thermal
decomposition of salts of carboxylic acids gives rise to
ketones, In 1852, Williamson (1) prepared n-butyl methyl
ketone by the pyrolysis of a mixture of sodium acetate and
potassium valerate and he predicted that an aldehyde would
be formed when one of the salts used was a formate, Thie
was in fact confirmed in 1856 by Limpricht and Ritter (2)
who obtained acetaldehyde from a mixture of calcium acetate
and calcium formate, and by Piria (3) who prepared‘benzaldehyde

- and cinnamasldehyde in a similar mahner.

During the next fiftylyears very many carboxylates were
pyrolysed and much work carried out to improve yields, for
example in the preparation of acetone, but the mabhanism of
these reactions has not yet been soundly established,

In 1910, Bamberger (L) suggested that organic salts,
e.g, calcium acetate, dissoclated on heating first into the
basie¢ anhydride and the acid anhydride, i.e. into caleium
oxide and acetic anhydride, but the latter, possibly due to
the presence of the lime accelerating the resction, decomposed
at the high temperature necessary for the reaction with
formation of carbon dioxide, giving calcium carbonate, and

acetone,

CH.CO00 CH.CO CH
ZYIYS 08 cmemd 399N0 4 Ca0  wmd 3N
CH,000” T CH500” CH,~ CO + CaCoy



This theory wees developed by Dosios and Leucaditis (5)
who postulated the intermediate formation of the mixed acid
anhydride in the generation of unsymmetrical ketone from
the pyrolysis of mixtures of acid salts. Kronig (6) also
explained by this theory the formation of magnesium oxide
when magnesium acetate was pyrolysed at a temperature beneath
that required for the decomposition of magnesium carbonate,

The main evidence againast this mechanism is the fact
that the presence of steam during the pyrolysie actually
increases the yield of ketone (7). It should be noted
however, that as recently as 1948, Bamdas and Shemyakin (8)
brought forward evidence to support this mechenien,

In 1939, Kemner end Morton (9) found that the lead salts
| of many acids decompose at lower temperatures than the corres-
ponding calcium salts, frequently giving a better yleld of
ketone, They found evidence of a complex accumulating in
the reaction mixture, On vigorous heating this formed a
tar; but on treatment with formic acid liberated a further
quantity of ketone. A theory analogous to that of the
Grignard reaction was suggested to account for this behaviour,

4,0 _Hal R\\
Grignard:- R.Mg.Hal + X,CG — Mg + ’,GO
0C H , N oG, H X
275 275
Pyrolysis:~ R,CO0 + R.C - GO, + PBC + _CO
\‘OPb+ 2 R”

Also in 1939, Neunhoffer and Paschke (10) reported that
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no hexamethyl acetone was chtained on pyrolysing calcium
trimethylacetate and from this and the observation of Farmer
and Kracovski (411) that no cyclic ketone waes obtained on
pyrolysis of o, « «'~ tetramethyladipic acid, they deduced
that an x-H atom was necessary for ketone formation, They

suggested that the reaction took place in two steps,

(cn_,)coo) Ca— CH3000H :000:Ca0; H —> CH5COCH; + CaCOy
(Ca0 + 002)

In the first stev, the correspoading /3~ keto acid, or
ite salt, is formed from two molecules of acid and in the
second stage this decarboxylates to give the ketone, An
* = hydrogen atom must therefore be availabie for preliminary
enolisation, Similarly, Cook, Miller and Whitmore (12)
peostulated an aldel type of condensation as one of the steps
leading to the ketone. This mechanism, however, does not
appeer to be acceptable since, apart from the fact that salts
of carboxylic acids generally do not undergo such condensations,
no mechanism involving such a condensation can be a general
one because it certainly cannot account for the formation of
diaryl ketones by the pyrolysis of salts of sromatic acids.

Phénylacetic anhydride was pyrolysed in 1933 by Hurd,
Christ and Thomas (13) and they suggested that Rice's free
radical mechanism of pyrolyesis (14) might be extended to
cover the thermal decomposition of acid anhydrides and salts,
This view was suggested by Brown (15) when he reviewed the



detailed study by Cook, Miller end Whitmore (12) of the
products of catelytic decomposition of iscbutyric acid,
In 1950 Bell and Reed (16,17) observed an exclusive
cleavage of the carbon -~ carbon bond in acetate when a
mixture of barium acetate, enriched with 1°C in the
carboxyl greup, and barium formate wae pyrolysed to give

acetaldehyde,

H 13
Nod—g—py —> CH;CHO + Ba'”004

It was suggested (17) that this reaction proceeded

by a free radical chain mechanism which was initiated
by the free methyl radical, rather than by the free formyl
radical,
GHBGOéba ——— Cﬂf. + '00éba
(va = £Ba)

Aldehyde and acetone formation could then be represented
by the following equations:

033' + EOOéba ) CHBCHO + *0Oba
and OHS + cﬂjcoéba —— GH300633 + *Oba

Chain termination could be by varioua methods, e.g.
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2 *Cha ~— (Dba}2

‘COéba + *Oba f—é ba2003

but the relative imporitvnce of {These could not be determined
by the experimental mestheds used,

Also, O'Neill and Reed (18} found that pyrolysis of
sodium isobutyrate yielded a sﬁbet&ntial quantity of both
di~pn-propyl ketone and p-propyl iso-propyl ketone as well
as the expected ci~-igo-propyl ketoue, A free radlcal
mechanism was again suggesied to interpret these results,
this being consistent witlh the fact that in general high
tenmperatures are reguired rfor these reactiouns (19). it

was assumed thal rearrvangemeat occurred la aa iatermediate

radicsl
PHs s
) I ) .
H-?ifcozﬂa o) H-—EH + Gozﬂa
C}ij 3

followed by rearrangemeat of the alkyl radical.

The sbove i1s an outline of the theories regarding
the mechaniem of pyrolysis of salts of organic acide
wkich had bpeen proposed up to the time when the present
regearch was commenced.‘

In 1953 however, lLee and Spinks (20) brought forward

& new theory for the nmechenism of these decompositiocns,
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They pyrolysed a nurbsr of mixtures of labelled and un-
labelled curboxylates and fouand the Lollowing order of

ease vwith which the carboxyl group is iost in Iorming the
ketone:; acetate > rhenylacetate > valerate > formate >
benzoate, From these rasults ithey critised the free radical
mechanism on & number of grounds and these may be outlined

as follows,

In the pyrolysis of a nixture of calcium acetate and
calcium phenylacetste, two-thirds of the methyl benzyl
ketone formed results from the loes of the carboxyl group
in the acetate, whareas 1f the mechanism was of free radical
type, one would expect the benzyl radical to be formed
more readily than the methyl radical (21). Aleo, formates
lose their carboxyl group more readily than benzoates, yet
the energy of the carbon - hydrogen bond is known to be
greater than that of the carbon-carbon bond (22) so that
one would not expect a preference for the formation of the
hydrogen radical over the phenyl radical. Furthermore, in
the pyrolysis of isobutyrate (18) a rearrangement from a
secondary to a primary carbon radical is required, whereas
other established rearrangements involving free radicals
(23, 24) indicate an opposite trend in that primary radicals
tend to rearrange to the tertiary state,

Lee and S8pinks accordingly proposed a two-step ionic

.*
mechonism in which a carbonium ion R = C = QO i8 first formed
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#nd thias then rsacis with a further molecule of salt to

give the ketone:

.§4
RewCOOM - R«C =0 + MO"

+
R-0C=0+n'Coon 2%y n cor' + u* + co,

where R and R' may be the same or different, aliphatic or
aromatic and M a metal such ae Ca, Ba, etc.

They suggested however that a transition state might
be involved and that the decomposition might be by an

intramolecular concerted process:

R 0 R -0 0
l i t ] ]

MO - % + R'" = C - OM = MO'°03-00R3--G = OM «3 R =« C = R'+ﬂ2003
0 0

The reaction could then involve either heterolytic or
homolytic cleavage of the bonde eoncerned,

As will be seen from the atove, the mechanism of
thermal decomposition cf salts of carboxylic acids has
still to be soundly estsblished and investigations have
been carried out to see whether some more light may be
thrown on certain aspects of these pyrolyses, Particular
attention has been paid to an attempt to elucidate the
function of the metal which has remasined obscure in previous

work.
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Part Il - Experimental Results
1. PEyrolysis of Calcium p-Chlorophenylacetate

According to Kenner and lorton (9), the distillation
of calcium salts of go-, m- and grchlorophsnylacotio acids
resulted in dehalogenation and formation of dibenszyl ketone,
whereas the lead salts yielded smoothly the desired
1,3-bis(grchlorophcnyl)-2—propanono. 8ince this
dehalogenation appeared to be of an unusual nature, and
might help to indicate the mechanism these pyrolyses follow,
it was decided to attempt to repeat part of this work.

Calcium grchlorophsnylacetate was chosen as a salt
for pyrolysis and 1t was synthesised according to the

following reaction scheme:

HNO : H,0
3 2
06550320N Egunz 27N0206Hh0H20N — vgrncacathnchOH

(NHy ) o8, | diagotise
—_—2 =) p-NH)OgH) CHyC00H s  p=C1CH, CH,COO0H
+ Cu,Cl,

caco
23 (p=C1C4H,CH,C00) ,Ca

On pyrolysis of this salt, a red semi-crystalline
distillate was obtained, which on.recrystallisation was

shown to be diparachlorobenzyl ketone - 1,3-bis(p-



chlorophenyl)-2~propanone, Attempts to isolate dibenzyl
ketone both by recrystallisation and chromatography of
the 2,4~dinitrophenylhydrazone failed, the product in
all the pyrolyses, the conditions of which varied, being
the halogenated ketone,

From this feilure to repeat Kenner and Morton's work
1t would appesar that this dehalogenation is not a general
resction and must have been due to the particular conditions
operative in their pyrolyses.
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2. Pyrolysis of Trimethvlacetates (Pivalates).

One of the major pleces of evidsnce put forward by
Neunhoffer and Paschke (10) for their theory that an
« « hydrogen atom was necessary for ketone formation in
the pyrolysis of carboxylates, was the fact that no ketonic
products are obtained by pyrolysing calcium trimethylacetate.
Isobutylene was however reported as the main product.
Cook, Miller and Whitmore (12) passed trimethylacetic
acid vapour over thoris and detected amongst the products
the following compounds: t-butyl isobutyl ketone (major
product = 15%), t~butyl methyl ketone (9%) trimethyl-
acetaldehyde (3%) crotonaldehyde (3%) end i-butyl ethyl
ketone (0.7%)s They suggested that the acid was adsorbed
on the catalyst to form the thorium salt, which then
decomposed, the role of the catalyst therefore being to
orientate two or more acid moleéules into reactive
positions,

" 8ince there was no satisfactory account in the
literature of a straightforward distillation of & salt of
trimethylacetic acid, it was decided to carry out such
& pyrolysis and to make an attempt at characterising the
products,

The lithium salt was first chosen since previous
workers, e.,g. Rojahn and Schulten (25), have shown that
in many cases lithium salts give excellent yields and



also since the cation would be of small size compared
with thorium. It was found however, that lithium
trimethylacetate sublimed at ebout 380°, which is beneath
its decomposition point, and was thus unsatisfactory for
pyrolysis. The calcium salt was therefore used in the
distillations,

Calcium trimethylacetate was pyrolysed by strong
h@ating in a simple distillation apparatus at atmospheric
pressure, From 5 gm. of salt about 0,25 ml. of e clear
distillate was obtained together with a large gquantity of
an inflammable gas. The residue consisted of a charred
mass of carbon and calcium carbonate,

The hydrocarbon formed was shown to be unsaturated
and had the smell of iscbutylene which had, as mentioned
above, been previously reported by Neunhoffer and Paschke.
On oxidation with chromic acid, the products, namely acetone
and absence of acidse, confirmed the presence of isgbutylene
in the pyrolysie products,

c Cro, CH '
Rl"\cmcn 3 3>c=o+002+xo

GHB/’ 2 .

2
GH3

On addition of 2,4-dinitrophenylhydrazine to the
distillaete immediately after the pyrolysis was complete,
a precipitate was obtained, the melting point of which,

after recrystallisation, corresponded to the 2,}4-



divitrophenyihydrozons of trimethylacetaldehyde, The
semicarbazide from the distillate similarly corresponded
to that of trimethylecetaldehyde,

A sample of trimethylaceltaldehyde was syntheniesed
by treatment of trimethylpyruvic acid, prepared by

oxidation of pinacolone, with diphenylamine:

KMnou diphﬁﬁyiaminn
(cn3)30,coa33 SN (033)3 Cco, COOH >
Pinacolone trimethylpyruvie
acid,
(053)30m
trimethylacetaldehyde,

Mixed melting points with derivatives from this
trimethylacetaldehyde confirmed the presence of trimethyl-
acetaldehyde in the pyrolysis products. It is rather an
unstsble compound, being readily oxidised in air to
trimethylacetic acid, The distillate must therefore be
examined immediately after pyrolysis, a negative result
being otherwise obtained when testis are made for the
carboxyl group.

Attempts to separate the original 2,4~dinitrophenyl-
hydrazone and semicerbazide failed and therefore the
thermal decomposition of calcium trimethylacetate would

appear to be substantially as shown:
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CH N : CH CH
1> _o 13 13 o
C‘.Hj-?wc\e Ca wm Ca'H3 -% +GHB-?-—G\H +»Ca003

333 . | CH, 053




3.

Pyreolyscs in the Prescnce of Hitric Oxide.

Bell and Reed {17) have, as nmentioned in the
introduction, proposed a free radical chain mechanism
for the thermal decomposition of salts of carboxylic
acids, but previous workers, e,g. Stavely and Hinshelwood
‘(26); Forsyth (27), have shown that nitric oxide removes
free radicsls from a system and hence causes termination
in any free radical chain reaction. Indeed, to quote
Hinshelwood, nitric oxide provides a definite guantitative
teet for the presence of chaine and absence of inhibition
may be taken as evidence for thelr absence,

Consequently some pyrolyses of barium acetate and
barium acstate -~ formate mixtures were carried out in an

atmosphere containing nitric oxide since, although no

" quantitative significance could be attached to the resultis,

3t was considered that any appreciasble drop in the yields
of acetone and acetaldehyde obtained from these pyrolyses
would indicate the presence of free radicals and thus
help to confirm the mechanism proposed by Bell and Reed,
Barium wasiphosen as the cation in these pyrolyses
since 1ts'éalts give a good yield of acetone and acet~
aldehyde, making‘any reduction in yields more significant,
have a high decomposition tewnperature, making it eaéier
to carry out the pyrolyses slowly, and give rosults which
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are mich more readily re-roducible than with celeiunm
saltes, which also would satisfy the first two conditions,

The nitric oxide was prepsred by Winkler's method (L41),
HNO, + HI - H,0 + I, + NO

The barium acetate and barium ascetate-formate mixtures
were slowly decomposed in an electric furnace while a
gtream of nitrogen contalning nitric oxide flowed through
the pyrolysis tube, Since gaseous products are formed
the actual ocomposition of the pyrolysis atmosphere was
unknown and mixtures of 1% of nitric oxide to 99% of
nitrogen and 10% of nitric oxide to 90% of nitrogen were
arbitrarily chosen as the gases %o be passed over the
decomposing salt,

Since acetone itself decomposes at the reaction
temperature, known weilghts of acetone were passed through

the furnace and the following results were obtained.

Acetone recovery under 4% NO = 97.88%

" " " 407 RC = 87.36%

All yielde obtained when nitric oxide was present
were therefore corrected by these values so that they
could be compared with those obtained'under pure nitrogen.
The resulte obtained are given in Tables I and II and
are summarised in Table IlI, In Table I, the yields of

acetone are expressed as percentages of that theoretically



-2 -

possible, In 7eble [I, the yields of acetone and
acetaldehyde sre both expressed as percentages of that
possible if each were the only product formed. The sum
of these two yleldas -~ Total Yield in Teble III -~ indicates
what percentage of the methyl groups of the acetate react
to give acetone or acetaldehyde, For acetone yields
with 100% N,y the yields in the actual and corrected
columns are the same since in this case no correction
needs to be epplied,

The analyses were carried out as described later in

Section IV,3b,

"I‘able I
Gas Wb, of | Wwt, of Yield of Acetone
|Composition ! Acetate | Acstone trere—m—Tm—rrerred
fage Ny gm. g, <
100 0.5031 | 0,09956 |87.07 87.07
100 0.4775 0,09517 [87.68 87.68
100 0. 5055 0. 1004 87.40 87.40
99 0.5814 | 0.1060  |80,37 82,114
929 0.4708 0.08543 [79.91 81.63
90 } 0.2187 0.02920 158,80 67. 31
g0 0.4007 0.,04882 |[53.64 61.41
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Table III.

Gas Acetate-Formate mixuvures Acetate
Composition ; Alone
% age PN Yield of Yield of |} Total

Acetaldehyde | Acetone. Yield {Yield of

% g do Acetone,
100 29.41 L5437 TLe78 | 88,31
99 27.62 hiy. 21 71.83 | 81.87
90 19,69 39.82 59.51 | 64,36

From these resulte 1t will be seen that thﬁre is 1in
fact a reduction in yields when nitric oxide is present
but that thie reduction is much greater with the larger
percentage of nitric oxide, Thiz suggests that the
reduction is due to simple chemical reaction rather than
%o the termination of free radical chaine since in the
latter cese only a trace of nitric oxide should be
sufficient to cause a significant drop in yields.

The results therefore, although not so decisive as
might be hoped, would not eppeer to favour a free radical

machan&am.-‘
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4, Investigations into the sunction of the Qation.

In the pyrolysis of acetates it has been shown by
many workers that the yield of acetone cbtained varies
markedly with variation of the metal cation, even when
such ehanges are restricted o the alkaline and alkaline
earth metals (6, 9). Similar varistions have also been
reported in the decomposition of formates (28) and
perfluoro~cerboxylates (29).

The funetion of the metal in the reaction mechanism
has remalned obscure however, and there 1is no evidence
to decide whether the salt reacts in the covalent form,
or whetherlreaction occure between the carboxylate ions.
In general, the former postulate has been preferred
(17, 2@) since it is then easier to explain variations
in yields, |

A considersble number of pyrolyses have accordingly
been carried out on certain organic salts, and mixtures
Kof salts, both imotopic and non-isotoplc, with‘a view
to determining to what extent and in what manner the yields
of products vary with variations in the cation,



Previous workers (19) have remarked on the difficulty
of obtaining reproducible results in pyrolyses of a
similar type to those carried out in the present work,
It was found in this research that variations in the
yields of acetone occurred with variations in the pyrolysis
temperature and in the rate of nitrogen passage, Small
changes in molar composition of mixtures also caused
large changes in yields. Preliminary experiments were
therefore carried out to determine the nscessary conditions
for reproducibility. |

(l) AL O0T

8ince there ig rather a wide range of decomposition
temperatures of acetates, and acetate~formate mixtures,
4t was necessary to find what effect small variations
in pyrolysis temperature had on yields, Acetate~formate
mixtures of lithium and magnesium salts were pyrolysed
at various temperatures. The results obtained are
given in Table IV and summarized in Table V., The yields
of acetone and acetaldehyde are both expressed as
percentages of that possible if each were ths only product
formed, Analysis of the pyrolysis products was carried
out as described in Seetion IV, 6b,
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Table V.

Magnesium Lithium

Temperature | yia1q of| Yield of | Yield of | Yield of

0 CH.CHO Acetone, CH,CHO Agetone

(4] 3 % 3 %

% %

y20 | 29,83 20, 00 47.76 24,41

L50 | 31.29 20,23 56,63 25,21

180 32,69 20,88 | 59.06 25,38

Ardagh, Barbour, McClellan and McBride (19) showed
-that the rate of flow of nitrogen had an important effect
on the yield bf acetone obtained from calcium acetate,
They found the’ a rate of flow corresponding to 2 litres
per hour. wes most satisfactory. In the present work,
ealeiuwm and socdium acetates were pyrolysed under identical
conditions but with varying rates of gas flow., At the
higher rates of flow, fluctuating results were obtained
at first, but on using more efficient traps, reproducibility
wag obtained, Analyeis of the products was carried out
as described in Sestion IV, 5 ¢ and the results obtained
ere given in Table VI,
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Table VI
Rate of Flow| Wt, of Wt, of Yield ofﬁ
Cation Acetate Acetone Acetone
litres/hour gm. gm, %

% 0. 3079 0.09517 8L, 21

3 0.3196 0.09922 84,57

1 0. 3566 0.1176 89,82

. 1 0,2271 0. 07498 89.95
Ca 2 0.1812 0. 06207 93.33
2 0. 2079 0.07238 94,8y

L 0. 2690 0.1009 95,12

L 0. 3074 0, 4075 95.30

i 0.1094 0. 02740 70.76

% 0.1075 0.02695 70. 81

1 0.1020 0.02574 71.31

1 0. 1092 0. 02765 71.55

Na* 2 0.1021 0.02510 72,23
2 0. 1069 0.02765 73,06

2 0. 1425 0.03722 | 73.80

4 0.0918 0. 02407 74.10

4 0. 1345 0. 03546 74.29

fable VII

Yield of Acetone
from Na Acetate

Yield of Acetone
from Ga;Acetate
;

Rate of Flow

litres/hour % %
1 89, 89 71.43
2 94,09 73.03
L 95. 21 T4 20




It will be pecn from the summary of results (Table VII)
that provided efficient traps are used an increased rate
of flow favours the reaction, It was previously found,
in the nitric oxide work - Section 11,3 -~ that apprecizble
decomposition, or polymerisetion, of acetone occurs under
the conditions of the pyrolysis, It was therefore
concluded that a high flowv rate of nitrogen is advantageous
since the products are thsn more quicikly removed from
the furnsce, Similerliy, wiith a higher pyrolysis
temperature, the products are generated more rapidly and
again are removed irom the furnace more quickly. This
would explain the results set cut in Tabie V,

In 211 of the pyrclyses the salt, or mixture, was
1nt£odueéd into the furnace while 1t wse at a temperature
beneath that required for decomposition. Its temperature
was then reised fairly rapidly‘through the decomposition
point and the heating continued until pyrolysis was
complete (about 20 minutes), By carrying out the pyrolyses
in this manner, rather than at s fixed temperature, the
results dbﬁained for various catione should be more
readily comparable since the rate of generation of products
will be approximately the same in each case, This would
reduce any error introduced by variations in the time in

which the products remain within the pyrolysis tube,
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(¢) Method of Pyrolysis and Results

The acetatea of the {'ollowing metals were prepared:=
lithium, sodium, potassium, calcium, strontium, barium,
manganese(ous), magnesium, and lead, These salts, avout
Ou 10, 3gm Pﬁr pyrolysais, were heated in an electrie |
furnace in the manner Jjust described while the pyfolylil
tube was swept out with purified nitrogen (2 licres per
hour), The acetone which wes formed was collectsd in
gpiral ligquid air traps, washed out with water and
estimeted by adding an excess of iodine to a portion of
this solution after it had been made alkaline., The
solution was then shaken for ten minutes and the iodine,
which was libersted on uecidilication, titrated against
standard thiosulphate,

The following results were cbtained (Table VIII) and

they are summsrised in Table XII,

Table VIII

- Wt, of Wt. of Yield of
Cation Acetate Acaetone Acetone
£, gim,

0.1075 0,03835 81.07

14 C. 0894 0.035233 82,21
0.0785 0.02854 82,68

0.1021 C. 02610 72,23

Na 0.1069 0. 02765 73.06
0.1425 0.03722 73.80




Teble VIII (Cont.)

Wt., of

Wt, of Yield of
Cation Acetate Acetone Acetone
‘ gm. gm. %

0. 1251 0.01390 37.56

X 0., 1593 C, 01782 27.83
0. 1454 0.01556 38.48

0.1812 0.06207 93.33

Ca 0e 2079 0,07238 9L, 34
0, 2102 0.05315 91.37

Sr 0. 3092 0.07066 €9, 35
0, 1899 0,04805 91,41

0. 5031 0, 09956 87.07

Ba 0 4775 0.09517 87.68
0. 5055 0. 1004 87.40 -

0, 2257 0. 05659 82,03

Zn 0. 1452 0,038L7 83,73
' 0.41572 0.03774 81.30

0.2121 0. 06561 92,17

¥Mn(ous] 0,124k 0. 03858 92,39
0.1586 0.0L046 92.90

0. 1642 0.052L40 78.27

Hg 0. 1645 0.05383 80,26
0. 1267 0.04130 79.95

0.3665 0.03278 50,10

Pb 0. 3400 0.03055 50,32
0.4170 0.03855 51.78
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6. Pyrolysis of Acetate -~ Formate Mixtures

(a) Nop-eguimolar

8incs small changes in the molar composition of
mixturee cause considerable variations in the yields of
pyrolysis procducts, preliminary experiments were carried
out to find the order of this vuristion, In the case
of non~equimolar mixtures, the yield >f acetaldehyde may
be given ag the percentage of that which would be formed
either if all the acetate reacted to give acetaldehyde
(column A) or if all the formate reacted to give
acetaldehyde (column B},

Lithiwn and magnesium acetate-formete mixtures
containlng a 3:1 excess of acetate were prepared and

- pyrolysed, The products were analysed as deseribed in

Section IV,6b and the results so cbtained are shown in
Teble IX, They are compared with those from eguimolar
mixtures in Table X,

In all other vpyrolyses of mixtures, both isotopic

and non-isotopic, equimolar quantities were used,
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Table IX
Wt, of | Wi, of |Wt, of |Yield of |Yield of OH,CHO
Cation] Mixture | Acetone OHSCHO Acectone %
gm, g, o
8 . A B
0.1476 | 0.03038 | 0, 01480 58,26 19.46 | 59.88
1 1 o.450 | 0.03150 | 0,01835( 57,21 21.27 | 62,34
Mg | o.1618 | 0.02678 | 0.01568] 51.29 17.62 | 54,96
Teble X
Ratio of Yield of Yield cof Total
Cation Formate UHBCHO(A) Acetone Yield
Acetate “
: % % %
1:1 56,63 25.21 81.84
L1 1:3 20.37 57.74 78. 14
Acetate aiong - &1.99 81.99
Mg 1:3 18. 41 50.37 680 78
Acetate alonﬂ — 79. 49 79.49

(b) Equimolar

The formates of the metels listed in the previous

section were prepared and equimolar acetate-~formate

mixtures made up,

These were then pyrolysed {about
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0.1-0,3 gm, per run) exactly as for acetates, The weighed
quantity of mixture was introduced into the furnsce,
which was not sufficlently hot for decomposition to begin ,
and the temperature was raised fairly rapidly through the
decomposition point, The pyrolysis products were swept
from the pyrolysis tube by a stream of purified nitrogen
and collected in spiral liquid air traps.

The acetoue and acetaldehyde content was then
determined by szlective oxidation of this distillate,
Full details of this procedure are given in Section IV,6D.
In brief, it consisted of oxidlsing the distillate with
a dilute solution of chromic scid and steam distilling.
After neutralisation, the acetone wse distillsd out and
estimated by Messinger's method, the remaining solution
being egein oxidised, this time by an alkaline permanganate
- 8olution. This served to convert any formic acid,
obtained by oxidaticn of formaldehyde, to carboa dioxide.
The mixture was again steam distilled and by titration
with standard sodium hydroxide the amount of acetic aecid
pregsent was deitermined, thus enebling the amount of
acetaldehyde in the original pyrolysis distillate to be
caleulated, |

The results obtained are tebulated below (Table XI)
and are summarised in Teble XII, They‘will be discussed

in Part 1171,
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Table XI

Wte of W, of its oOf Yield of Yield of
Cation | Mixture GHBGHO Ascetone CHBCHO Acetone
- gm, gm, gm, % %
0,2029 | 0,04238 0.04238 55,93 24,78
Li 0.4373 | 0.039L1 0.008656] 57.33 25,64
0.1717 | 0,03632 C.0106L. 56. 6l 25,18
0,15626 | 0,003302 | ©.01642 7.26 52,19
Na 0.1667 | 0.003958 | ©.01764 7.66 5k, 74
0.41586 | 0.003477 { ©.01607 8.13 52,38
0.2237 | 0,00070% { C.006892 1. 50 37.45
b4 0.2512 | 0.000610 | 0.007266 1.47 35.17
0.2146 | 0.000592 | ©,006473 1.34 37.20
0.2089 | 0,02776 C, 01266 43.48 30,09
Ca 0.2531 | 0.034416 C. 01198 L, 17 29.39
0.2786 | 0.03845 C. 01606 L4, 81 28,64
0.,346L | 0.02344 0. 01840 35.18 38,93
sr 0.3604 | 0.02474 G. 02113 32,80 39.54
0.3068 | 0,02210 C. 01716 3440 37.70
0.2626 | 0.01389 0. 01474 28,97 L46.50
Ba C.33%362 | 0.01777 0,01812 28,96 L, 50
0,2380 | 0.01382 0.01292 30,31 L5,11
0.1669 | 0.009877 ! 0,0118L 22,76 i.42
Zn 0.1791 | 0.01033 0.04296 22,19 42,23
10,2271 | 0.01376 2.01588 23,31 40,83
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Table XI (Contd.)
Wite of Wt. of wt, of Yield of | Yield of
Cation Mixture CH:.SCrIO Acetcone CHBCHO Acetone
g, £, g, o %

0.1380 0.01751 | 0,006386 45,78 25,34

Mn(ous) | C. 1899 0.02449 | 0.C08061 L6, 52 23, 24
0. 2048 0.02719 } C.009%07 47.90 24,88

0 0.1978 | 0.02125 | 0,009059 | 31.31 20, 24

Mg 0. 2145 0.02369 | 0,009754 32,18 20,10
0. 1609 0.01679 | 0,007667 30, 39 20, 36

0. 5032 0. 005540 | 0.01394. 7.78 29,69

Pb 0. 5327 0. 006667 | 0, 01471 8. 84 29,60
0.6751 0.006714 | 0. 01764 7.03 28,02

———
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Table XII
Acetate~r'ormata Mixtures Acatate Alone
Cation Yield of Yield of Total Yield of
CH30HO Acetons Yield Acetone
2 2 %
11 56,63 25.21 81,84 81.99
Na 7.68 53,10 60,78 73.03
K ‘ 134 36461 5795 38,29
Ca 44,15 29, 57 73.52 92,91
5r 3h, 2L 38,72 72,86 90,71
Ba 29,41 45,357 The 78 87.38
Zn 22,75 1,739 6L, 14 82,35
Mn(ous) 46.73 26.L9 71.22 92,41
Mg ' 31.29 20,33 51, 52 79.49
Pb 7.78 29.10 36,88 50,73
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7. Pyrolysis of Phenylacetates.

Since it was lantended to carry out nyrolyses of
mixtures of isotopically labellsd phenylacetates and
non~enriched acetatee to [ind whether the asture of
the'product, i.9. the enrichuent of the carbonyl group
of the non-symmetrical ketone, wes affected Dy changes
in the cation, it wag declded to perform souc non-isotople
pyrolyees and exXamnine the yields of produets obtained,
As'a preliminary, calcium, sitrontlum 2aud bariwa phenyie
acetatee weras pyrolysed senarately, and the cmounv of »
dibenzyl ketone formed estimeted by the oxime method
(Section IV, 7c)

Due to the hizh bolling~point (331°) of this ketone
at atmospheric pressurs, 2nd thre consequent difficulsy
of removing it from the pyrolyesis tube, these pyrolyses
were cerried out under vacuum, The »roducts were
eollected in & liquid sir trap, washed out with ether
and to them was added an excess of a solution of
hydroxylamine hydrochloride. The liberated hydrochloriec
acid was then titrated with stendard alkali.

The residuse from the pyrolysis was the carbonate
of the mstal caked together with some carbon., The
distlillate was seml-crystalline and red im colour, It
is pcssibls thuat this is the seme red product reported
by Kalunin (30} in the pyrolysis of phenylaceiic anhydride,
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He found it to be diphenyl-cyclobutane-x-dione

668503 - ?0
|
063503 - CO

and regarded it as a pyrolytic product of an unsymmetrical
dimer of enolic phenylacetic anhydride,

In the present pyrolyses, however, which were on a
semi-micro scale, no attempt was made to characterise
this red constituent of the products, S8ince preliminary
analyses showed that dibenzyl ketone was the only product
giving oxime, estimations were carried out directly on
the dietillate, The results of these analyses are in
Table XIII (summarized in Table XV).

Zeble XIIX
o
wt, of Vit, of Yield of
Cation Phenylacetate dibenzyl Dibenszyl
Ketone Ketone
En. g, %
+ - 1
1.0830 | 0. 5658 77. 20
Ca 0.8213 0. 4285 77.07
~ 0. 9497 0.4995 77.69
1,0194 0. 4566 76.43
ar 0.9287 0. 4134 75.91
1.1670 0. 5188 75.78
— . .
1.4120 0. 5509 75.73
Ba 1.0084 0.3977 76.60
1.2485 0. 4943 76.81
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(») atate- acetat xtures,

Equimolar acetate~phenylacetate mixtures of caleium,
strontium and barium ealts were prepared and pyrolysed
under vacuum exactly as in the previous section. | The
products, which were collected in a liquid air trap,
were washed out with ether and analysed for acetone,
methyl benzyl and dibenzyl ketones, The acetone was
removed with the ether and estimated by Messinger's
mqthod, the two remaining ketones being then separated
by fractional distillation. The methyl benzyl ketone
was also estimated by Messinger's method and the dibenszyl
ketone by the oxime method,

As a preliminary, a series of estimations was carried

out on known mixtures of acetone, methyl benzyl and

 dibenzyl ketones in order to check the accuracy of the

method of anélyais. It was found that this method gave
reproducible results and the following are the percentages
of the known content which were obtained for the various

ketones in these trial mixtures.

Percentage found for acetone = 98,35%
" " " methyl benzyl ketone = 102,1% ;

" " " dibenszyl ketone, = 93,63%

These values were used in calculating the yields im
these acetate-~phenylacetate pyrolyses, and the results so



obtained are reported in Table XIV with a summary in

Table XV,

The yields of the ketones are expressed as

percentages of the theoretically possible if sach were

the only product formed and not as percentages of the
This means that the sum of

total products formed,

the yields of acetone and methyl benzyl ketone will

give the total percentage of methyl groups from the

acetate which react to give a ketone and likewise the

sum of the yields of methyl benzyl and dibenzyl ketones
¥

will give what fraction of the phenylacetate reacis to

give kétonoc.

has therefore no significeance.

The sum of all thres values in the table

Table XV
[ Acetate~-Phenylacetate Mixtures Fhenylacetate
alone
Cation [ Yield of | Yield of | Yield of Yield of
Acetone Methyl Dibenzyl Dibensyl
Benzyl Ketone Ketone
Ketone
Ca 44,18 25. 2} 54,98 77.32
gr 43.77 27.63 55,65 76.04
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As has been mentioned in the introduction, Bell

and Reed (17) observed an almost exclusive cleavage

of the carbon-carbon bond in acetete when a mixture

of barium acetate, enriched with 130 in the carboxyl

group, and barium formate were pyrolysed to give acet.

aldehyds, Since this pyrolysis, using & labelled salt,
had only been carried out using barium es cation, it was
decided to ses whether the direction of cleavage was
influenced by the nature of the cation. A series of
carboxyl labelled metal acetates, namely those of calaiuu;
strontium, barium, lithium and magnesium, were prepared
and, after mixing with an equimolar guantity of the
respective formate, pyrolysed exsctly as for non-isotopic
samples,

The acetaldehyde formed was oxidised to acetie acid

" using & chromic éeid solution of such concentration that
the acetone, which was also formed, was unoxidised.

After steam distillation, the acetic acid was recovered
1.36
content, The cerbonate residues were also assayed for
13,

as barium acetate which could then be assaysd for

In the case of megnesium, the residue consists
of magnesium oxide and a specimen of carbon dioxide was
cbtained from the liquid air traps by distillation from
a solid cagaacatone bath.
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All samples assayed were converted into carbon
dioxide by the "wet combustion method" of van Slyke and
Foleh (31). The carbon dioxide sampies so obtained were
assayed on a Metropolitan-Vickers Ltd,, Mass Spectrometer,
Type M.S9,2,, the abundance railo being determined from
the intensities of the peaks of mass numbers Ll and 45,

(a) Attempted Synthesis of 13ggcarbcxxl ahelled Formates

Grent and Turner {(32) found, 1n‘an investigation
into the formetion of 1hc-1abelled formates by hydrolysis
of na’“on, that there is an exchange reactlion betwsen the
carboxyl carbon of sodium formate and the carbon of sodium

earbonate, They postuleted a mechanism of the following

type,
. o - “
O -
O’G\G | +H* -¢—-0]*
LY VS — |0=C-0H — | + Hy0
o_ o ° | it lo—c-o
| o C—C=0
L H.

Thia seemed to show promise of beingva sinple and
slegant method of labelling formates, Enriched sodium
carbonate was therefore prepared by bubbling 13002,
cbtained by warming enriched hHaerium carbonate with an

exgcess of concentrated sulphuric acid, through a solution



of a calculated quantity of sodium hydroxide, A solution
of the N3213003 thus prepared was sealed in a Carius tube
with the quantity of sodium formate required by the above
formulation and heated at 180° for 8 hours,

The carbonate in solution, containing lkh.59% 130,
wag then recovered by precipitation as barium carbonate
and the formate, after acidification with sulphuriec acid.
ategm distillation and titration of the distillate with
barium hydroxide, was obtained as barium formate on
aveporation to dryness, Isotoplc assay showed the 130
content of this formate to be 1.210%. It may be seen
therefore that some enrichment took place but it was felt
that it was insufficlent to merit further investigation
of the method,

(b) Synthesis of 130-carbg§xl Labelled Acetates

130~carboxyl labelled ascetates were prepared by a
method substantially the same as that recorded by Calvin
ot al, (33). 'JC-enriched carbon dioxide was distilled
on to previously prepared methyl magnesium iodide, When
the reaction was complete, at -15°0, the Grignard reagent
wag decomposed with dilute sulphuric acid and, after
removal of iodine by addition of an excess of silver
sulphate solution, the enriched acetic acid was steam

distilled out of the solntion. This distillate was then
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neutralised in successive experiments with, respectively,
lithium hydroxide, calcium, strontium end berium carbonates
and magnesium oxide to give the required acetates, The
Yields of acetic acld obtained by this method varied

from 85 - 957,

(e) Resulte of Pyrolyses

The resulls obtained from these isotopic pyrolyses,
shown in Tables XVI and XVII, confirm Bell and Reed's
dbéervation that, where the concentration of 130 in the
carboxyl group of the acetate was enhanced, the carbonyl
carbon of the acetaldehyde formed was derived principally
from the carboxyl group of the formate, i.e.,, there is an
almost exclusive cleavage of the carbon-carbon bond of
the acetate in acetate-formate pyrolyses,

Because of the considerably grester enrichment used
in these experiments compared with those of Bell and Reed,
and the corresponding increase in accuracy, it will be
seen that sbout 1.6 -~ 1.8% of the acetaldehyde formed has
in fact csrbonyl carbon derived from the acetate. Within
experimental error however, this fraction from the acetate
is independent of the cation used,

The values for residual barium carbonate in Table XVI
were calculated from the average quantity of acetaldehyde
produeed in non~-isotopic pyrolyses, It wae assumed that
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the carbonyl group of the formaldehyde formed would
have a normal 130 value, whereas that of the acetate
would have the swue enrichment as the carboxyl-carbon
of the barium scatate, The discrepancy in the case of
magnesium is probably due to deearboxylation of the
scetate during the pyrolysis, Some carbon dioxide is
genorally formed in these decompositions and this of
course would rediuce the accuracy of the magnesium value
eince in this case, as was mentioned hefore, the enrischment
of the residue was determined from a sample of carbom
dicxide obtained from the liquid air traps, and not from
the material remaining in the furnace which consisted of

magnesium oxide,

Table XVI
i 13 % age 3¢ | 7 age 120 in restdusl
Cation %» age ~ 0 in ecet~ carbonate,
in acaetate aldehyde,
found calculated
Ca 28,73 1.64L47 Lo.79 L0.93
ar 30,58 1.686 40,98 40,62
Ba 30.58 1.634 40,37 39.24
1i 5.732 - 1.218 8.312 8.322
Mg 5.732 1,21, ; 7.673 7.167
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Table XVIii

% age 136 in

% 8g6 130 in

% age of acote

Cation >C0 of acetate 200 of scete~ aldehyde from
' aldehyde, acetate,
Ca 53,32 2.154 1.838
ur 60,02 £e 232 1,855
Ba ~ 80,02 c.128 1.678
Li 10, 32 1.296 1,699
Mg 10,32 1,288 1.613
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10. Isotopic Pyrolysis of Acetate-Phsnylacstats liixtures.

The work of Jee and Spinke (20) showed that in the
pyrolysis of a mixture of calcium scetate and calcium
phenylacetate, tvo-thirds of the benzyl methyl ketone
obtained rezulted from the loss of the carboxyl group
in the mcetate, Also in the nyrolysis of a mixture of
calcium benzeate and calcium formate, 10% of the benzaldehyde
rosulted from th? loss of the carboxyl group in the formate,
In neither of thame cases is exelusive cleavage taking
place and it seemned probeble thet if the caticn influenced
which bond was broken, it would most reedily be detected
in these two casaes,

For acetate~phenylscetate mixtures, the series calsiume
strontium~barium was chosen since non~isotopic studies had
elready besn mude using these cations.

| ljcacafboxyl lebselled phenylacetic acid was prepared
by carbonation of benzyl magnesium chloride with emriched
earbon dioxide, the Grignard rezgent being decomposed by
addition of excsss sulphuric scid and ths free acid
extracted with sodium hydroxide. Lfter recrystallisation
from petroleum ether, the ovure acid (75% yield based on
barium carbonate) was divided intc three and neutralised
with caleium, strontium and bariuwm carbonates,  Equimolsr
mixtures of the respective acetates and labelled phenyl-

scetates, the enrnichment of which had heen reduced by
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dilution with non—enriched materisl, were then prepared

and pyrolysed as in non-isotopic experiments,

After

preliminary separation, the mcthyl benzyl and dibenszyl

ketones were carefully fractionated, only the middle

portiong being taken in esch case, to obtain samples for

isotopic analysis.

The ketcnes were oxidised direetly

gince the Iormation of derivatives would have increased

the number of carbon atoms ner molecule and so reduced

@ﬁa aceuracy of the experiments,

The values obtained

are givea in Tables XVIII and XIX.

Table XVIII

% age concentration of ~°C im

Cation| Phenyl- | Methyl | Dibenzyl | Carbonate | Carbonate
acetate Benzayl Ketone found Calc,
Ketone
Ca 2795 2.069 2,045 7.301 7.312
Sr 2,298 1.763 l1.751 5. 487 5. 501
Ba 2. 770 2,027 2.032 7.203 T+239
Table XIX
# age Concentration of 153 in CO of |7 age of
‘ ; ketone from
Cation | Fhenyl~ | Dibenzyl Methyl Benzyl pheny%acet»
acetete Ketone Ketone, ase.
Ca 14, 36 . 71 S. 50 63.24
Sr 10. 40 10,31 6.75 60,60
Ba 14,18 14, 52 .12 61,20
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If 1t 1s assumed that the carbonyl carbon of dlbenzyl
ketone has the same enrichment as the carboxyl carbon of
the phenylecetate from which it is formed, the disorepancies
in the values above (columns 2 and 3, Table XIX) gives an
idea of the experimental error involved in these experiments,
'From these results it would appear that here again the
site of bond fission is unaffected by the nature of the

gation,




For these pyrolyses, lithium and caleium, i,e, an
elkali end an alkali-earth metal, were chosen as cations,

Bensoic acid, +OC-labelled in the carboxyl position,
was prepared by carbonation of phenylmagnesium bromide
with enriched carbon dioxide. The purified acid was
detiralised with lithiun hyéroxids and caleium carbonate
t0 give the desired salts which were then diluted with
non-enriched material and mixed with an equimolar quantity
of the correct formate, These mixtures were then pyrolysed
under vacuum,

The products of the decomposition were oxidised by
Fouchet's method (k4). This method of selective oxidation
conwrtod,ffomldehydc to carbon dioxide, benzeldehydeé to
bensoic acid and left benzophenone unchanged, Aftey
oxidation, the solution was steam-~distilled, andé the
Yenzoic acid recovered as barium bensoate which could
then de analysed for 130 content.
| The results of these experiments are given in Tsbles
XX and XXI,
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Table XX
%age Concentration of 130 in
Cation
benzoate benzaldehyde carbonate
2,258 2.112 4.872
i 2, 258 2,127 L. 859
2.296 2,161 L.783
Ca 2, 296 2,16l 4.772
Table XXI
dage TjC in >CO position in | % age of
Cation k:tone Average .
rom
benzoate benzaldehyde benzoate
8.996 7.944 86,98
1 8.966 8,049 88. 28 87.63
9,232 8,287 88.33
Ca 9.232 8.308 89. 59 88,96

From these results (Table XXI) it will be seen that

here again the enrichment of the unsymmetrical pyrolysis

product (benzaldehyde in this case) is unaffected by the

nature of the cation,
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Part III - Theoretical Discussion

In the formulation of a general mechanism of thermal

decomposition of salts of carboxylic acids,

R — 0O R
oM

\
—> 30 + M, 00
R'—m COM rY 273

where E and R' may be the same or different, H, aliphatie

or aromatic, and ¥ a metal, the following possibilities

may be considered:

1. Preliminary attack by the carboxyl carbon on R followed
by fission of the R-C bond, this fiseion being either
heterolytic or homolytic,

2, FPreliminary cleavage of the R-C bond, either (a)
homolytie or (b) heterolytic, followed by an attack on
the carboxyl carbon by R.

Mechanism 1 has been suggested by Lee and Spinks (20).
They propose a two-step mechanism in which an acyl cation
is produced by a fairly raﬁid process, which is reversible,
followed by a rate controlling SE2 type of decarboxylation
with the aeyl cation acting as the electrophilic component,

+
R - COOM x RouwwCa=x 0 + MO™
+

R—Ca==0 + R'CoOM —212%3 pcor' + u*+ oo,

A serious objection to this mechanism is that it



becomes necessary to explain the prérerred fission in the
pyrolysis of acetate~benzoate, acetate-formate and
benzoate~formate mixtures by means of steric hindrance
and it is unlikely that a steric factor would be of such
great importance at the high temperatures required for

decomposition, Moreover, in the attack of R-cao on, Bay,

cnjucoa“u* the carboxyl carbon will be more negetively
charged than the methyl carbon and should therefore prove
a more suitable site for attack, |

Mechanism 2(a) i,e. homolytic cleavage of the R~C bond,
was suggested by Bell and Reed (16,17) who put forward a
free radical chain mechanism, In the present research,
however, the results of pyrolyses carried out in the
presence of nitric oxide (Section II,3) suggest that
decomposition does not take place by a chain mechanism
although of course, free radicals might still be formed
at some stage of the reaction. In addition, Lee and Spinks
have pointed ocut that, if the reaction were of free radical
type, the benzyl radical would be formed more readily than
the methyl whereas their reaﬁlts showed that in the
pyrolysis of & mixture of calcium acetate and phenylacetate
two~thirds of the methyl benzyl ketone resulted from R-C
bond fission in the acetate. They also note that to
account for the appearance of n-propyl iso-propyl ketone

from the pyrolysis of iscbutyrate (18), a rearrangement
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from a secondary to a primary carbon radical, is requiread,
whereas established rearrangements involving free radioals
(23,24) indicate that primary radicals tend to rearrange
to the tertiary state. |

The possiblility of homolytic cleavage occurring in a
transition state complex will be discussed at a later
stage,

If the poseidility of heterolytic cleavage ocourring,
mechanism 2(b), 18 now considered it will be seen that

this can occur in two ways.

eeflee

1. Rie COM —3 R* + “00M - carbonium ion formation

2. Rw :Ooan'nnarR” + *boau ~ carbanion formation,
[ ]

For ketone formation, ettack is required on a negative
eentre, namely the carboxyl carbon, and this makes
improbeble any mechanism involving carbanion formation,

A mehcanism requiring preliminary formation of a carbonium
ion will now be considered.

The ylelde obtained from acetate and scstate-~-formate
mixture pyrolyses for a range of metals were given in
Table XII and these are now retabulated (Table XXII) with
the metals arranged in the order of their electronegativity

(3‘4)’



Teble XXIX
‘ Acetate alone | Acetate~formate Mixtures|
Electro~ “

Cation | negativity Yie;d of Yield of GHBGHD as

- volts, Acetone. CH3CHO % age of
% total
yield,
K «2,61 38,29 1,34 3.53
Na 2,45 7303 . 7,68 12,64
" Ba 2,15 87.38 29,41 39.31
14 2,09 81,99 56,63 69,18
8r 2,07 90, 71 34,14 46.86
Ca  1.90 92,91 Ule 15 60, 05
Mg 1.55 79. 49 | 31.29 60.73
Mn(ous) 1,0 92,41 L6.73 65,61
Zn 0.76 82.25 1 2275 35,46
Pb 0.12 50.73 7.78 21,10

In column 5, the yields of acetaldehyde from the
pyrolysis of acetate~-formate mixtures are given as the
percentage of the total acetaldehyde + scetone formed,
thus allowing an indication to be given of the distribution
of methyl groups from the acetate in the pyrolysis products,
It will be seen from the table that, in genersl, there is
an inereese in yielde as the electronegativity of the metal
rises, There are a number of exseptions to this, vis,
lithium aund cations which give a residue of metal oxide
rather then of the carbonate (magnesium, zinc and lead)
but these will be discussed later,
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In acetate pyrolyses, since the yield of acetone
obtained is favoured by an increase in the electro=~
negativity of the cation, 1t follows that a decrease
in eleetron density on the carboxyl carbon is favourable
to ketone formation. This decrease will in general
tend to cause an electron displacement from the alkyl
radical carbon to the carboxyl carbon and so facilitate
heterolytic cleavage to give a cerbonium ion. Also,
the carboxyl ecarbon has & high electron density, since
it 48 part of a negative centre, so that for bond formation
attack by an electrophilic group is required. The
following two-step mechanism may therefore be proposed

for the reaction.

L J -
L /° + + - 4¢O +
0 "0
2; PR - ,O j = R
4./ 1 ‘\i / + \ '
R + R ewC B o) L =0 + MO .
\bo 7

where R and nl may be the same or different, aliphatiec,
aromatic or H, '

?he first step, involving hqterglytic fission, would
be rate determining and, since a large amount of energy
would have to be supplied to cause a cleavage of this kind
to occur, the high temperature necessary for pyrolyeis is
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explained. In the second stage, the carbonium ion formed
reacts with a further carboxylate molecule and may give
either a symmetrical or an unsymmetrical ketone.

It would also be expected that with a molecule larger
than acetate there would be a diminution of the effect of
the cation since any variations in charge would be partially
distributed over a greater number of carbon atoms and, as
will be seen from Table XV, thislis actually found to be
the case wiih phenylacetate pyrolyses.

The results of the trimethylacetate pyrolyses are
also readily explicable by this mechanism. The tert-butyl
ion 1s known to decompose to give iscbutylene (35).

‘ C
Ohs i3 It o Hy )
+ + = - - z
GH?~ ? — CH3~ ﬁ + H% GH3~ ?-—25203 M e GHS ? O\H
GH3 GH2 \s\ Gﬂj} GH3
sobutylene Y- - trimethyl-
— acetaldehyde

the hydrogen ion thus formed'then reacting with a further
molecule of trimethylacetate as shown. As will be seen
therefore, this mechenism offers & simple explanation for
the formation of iscbutylene and trimethylacetaldehyde in
the pyrolysis of calcium trimethylacetate.

Consideration of Lee and Spink's Results

The following table sunmerises the results of isotopic
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experiments carried out by Lee and Spinke, Bell and Reed,
and in the present work. In column 1, the lsbelled
component of the mixture is given first. Column 2 gives
results using he (i.e. Lee and Spink's results) and column
3 gives those with 130,

Table XXIIT
Reactants | Aversge 7 age of original
; ectivity in ketone,

Acetate + formate 1.7
Acetate + p-toluate 1.5

Acetate + phenylacetate 33.3 38.4 &
Acetate + valerste 18.9

Acetate + b3nzoate 1.5

Benzcate + formate 91.7 88.3
Benzoate + acetate 101. 4

Benzoate + propionate 101.3

@ In this case the phenylacetate was enriched.

From these results, the following is the ease with
which the carboxyl group is lost in forming the ketonei~
acetate > phenylacetate > valerate » formate > benzoate,.

In interpreting these resulis, l.ee and Spinks assumed
that the C -0 cerboxyl bond in benzoate was cf similer
strength to the ¢ - C cerboxyl bonds in acetate, valerate
etc. and wae weasker than the H - O bond in formate, A

recent X-ray study of bengolc acid by Sim, Robertson and
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Goodwin (36) has however made this assumption doubtful,
These workers found the length of the bond Joining
the carboxyl group to the benzene ring to be 1.&83
gompared with the standard single-~bond value of 1¢5hz.
This suggests thalt in benzoic acid the structure I makes
considerable contribution in additicn to the structures

I and IIXI which are usually present,

\_/ \_/
c \_/
‘ ¢ .
/' \ 7\ +7N\
H 0= HO 0 HO 0O
I II III

EKnowing the bond length, it is possible to derive an
approximate value for the heat of rupture of the bond (37);
If 1t is assumed that the hesi of atomisation of carbon
is 150 k. cal/mole, then the following are the énargiaa of
standard bonds in k. cal/mole:~ C=C (hydrocarbon) 71.8;
Car-Car (benzene rings) 105.3; C=C (olefius) 125.1;

C«H (hydrocarbons) 93.6, These valuee way be graphed
against the respective internuclear distances and, from a
graph of this kind, it was found that the approximate

heat of rupture of the C-~C bond in bsnzoic acid was 88,5

k. cal/mole, The same bond in p-tolulc acid Will probably
be of eimilar strength. This 1t will be seen is of the
same order as a C-H boad in a hydrocarbon (93.6 k. cal/mole),

Exaet comparison between these values is not possible since




By_y varies when derived from different hydrocarbons (38)
and the C~H bond in formic acid is not strictly comparablo\
with, say, the C-~H bond in methane, Also the relative
values of bond energies vary according to what value is
chosen for the hcat of vaporisation of carbon (L,).  The

- following shows how the energics of carbon-carbon bondb

depend on LQ.

G - C (diamond) 7L,

C = C (olefines) Ly = 26
C & C (acetylene) 3/2L2 - 63
¢ - H (hydrocarbonse) I L, + 56

From this discussion it followe that for the purpose
of heterolytic cleavage, the carboxylates which have been
studied may be divided into two groups.

(1) ‘Acetate, propionate, valerate, phenylacetate e in
which a normal carbon-carbon bond must be broken, The
heats of rupture of these bonds are about 72 k.cal/mole

(ii) Formate, benzoate, p-toluate —— in which either a
carbon~hydrogen or a carbon-carbon bond with partial
double bond character must be broken, The heats of
rupture of these bonds are about 90 k.cal/mole,

It would be expected therefore, that if & salt from
group (1) were pyrolysed with a salt from group (1i)

exclusive clesvege would occur in the salt with the weaker
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bond, whereas if salts from the same group were pyrolysed
cleavags would not be so exclusive. As will be seen from

Table XXTIII this is in fact found experimentally,

 Although a two-stage mechaaism eXplains the above
repults, a serious theoretical objection is that a high
energy barrier would have to be overcome for complete
separation of ions to %take place, This may be overcome by
postulating the exlstance of a transition state complex, e,g.
R\o:"‘R'\‘c/O 2
o// 0/ \xo ,

This complex intermediate anicn would then decompose
to give the ketone + 003”. This is in agreement with the
experimental resuits givea in Tebles 1VII, XIX, and XXI,
namely that the nature of the cation does not influence
the aite of bond fission, The cation affects the
probability of bond fission occurring and so infliuences
the yield of ketone, but once the intermediate complex is
formed, the direction of cleavage can no longer be affected
by changes of cation.

The preferred cleavage of the C~C bond in acetate in
its pyrolyses with phenylacetate and n-velerate might then
be explalned partly on steric grounds, in that the smaller
methyl group could take part in the transition complex
with greater ease, and partly by the fact that the methyl
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group tends to relecass electrons more than either the
n-butyl or the benzyl group and so favours heterolytic
fiasion, The fission of the C-C bond in phenylacetate
would be expeeted to require a lower energy of activation
than C-C cleavage in n~valerate since this bond in phenyle-
acetate is one C atom removed from an arcmatic nucleus (20.35).
This would explain the difference in extent of C-C cleavege
in acetate when it is pyrolysed with phenylacetate and
n-valerate,

A A further advantage to postulating a transition state
of the type shown is that it allows a more complete
explanation to be given to the results in Table XXII, It
will be seen that the obtained yields incresse with increase
in electronegativity but that magnesium, zinc and lead
salts do not Tollow this general rule,. In pyrolyses with
salts of these elements, however, the residue 1s composed
of the metal oxide and not of the carbonate, which suggests
that a stable carbonate helps the reaction, This is
congistent with the existance of an intermediate complex,
since é tendency towards oxide formation would reduce the
probability of formation of such a compleX, It also
explains the fact, uoticed by Krouig (6), that magnesium
oxide is formed in the pyrolysis of msgnesium acetate at &
temperature below the decomposition temperatwre of

magnesium carbonate,




The formation of n-propyl ketones in the pyrolysis of
sodium isgbutyrate (48) would presumsbly teke place by an
attack by the p and not the x-carbon of the isobutyrate
rather than by a rearrangement of the free ion., The
ecomplex intermediate ion would be of the following kind

‘H ----- ‘\ /CH3
{ v
(033)201{ ",énz — CH

=
¢ N 2 u*
7 s R

4] 07

Other rearrangements which have been found in
carboxylate pyrolyses (12) may be similarly explained.

In the decomposition of the transition complex, either
heterolytie or homolytic cleavage of the bonds concerned
might be involved, If the latter, the above theory is in
fundamental agreement with that proposed by Bell and Reed
although a different initiation for the mechanism is
suggested,

A drawback to the above mechanism, which is common to
gll theories which have been proposed up till the present,
is that it offers no simple explanation of the formation
of oxalates in the pyrolysis of formates, No satisfactory
mechanism has been proposed for this reaction but it is
hoped that work being carried out at present by Ir, R.I.Reed

in this department will help to elucidate this point, if
however, as appears probeble, this decomposition takes




place by a separate mechanism, presumebly of a homolytic
nature, it would offer an explanation of the figures in
Column 5, Teble XXII,

It is known that only the formates of the most
electropositive metals form oxalates on pyrolysis (28), so
that a8 the electronegativity of the metal increases, and
the importance of this second mechanism decreases, there is
a greater possibility of the formate reacting to give
acetaldehyde, This agrees with the experimental results
since in the pyrolysis of acetate~formate mixtures, the
proportion of methyl groups reacting to give acetaldehyde
increases with an increase in the electronegativity of the
cation,

The mechanism proposed above would therefore appear
to give a satisfactory explanation of moet of the
experimental data obtained by pyrolysing salis of organic

acidse,
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Part IV - Details of Experimental Work,

This salt was prepared from benzyl cyanide by the

following reaction scheme.

mtoj Hao
esnsonzcn —) D - “°2°63u‘”‘2°“ w—) P - chSHthZGOOB

H,80,

(E‘ )28, 6. E. CH.GOOH diazotise
NH,OgH, CH,000 Gug01, 2 65,08

CaCo0 -
—23 (p - C1CgH) CH,000), Ce

100 m1, (102 gm) of redistilled bensyl cyanide
(bep.110=115°, 17 nm.) was added with stirring over a
period of abput 90 minutes to a mixture of 275 ml. of
cone, lm03 and 275 ml, of conc, stou which had been
cooled to 10° in an ice bath, the temperature being
maintained between 10° - 15°, After stirring for a
further one hour at room temperature, the reaction
mixture was poured on to 1200 gm, of crushed ice and the
slightly yellow p-nitrcbenzyl cyanide which separated on
standing, was filtered off, On recrysatallisation from
500 ml, of absolute alcohol, 90 gm, (63.5%) of material

was obtained. m.p. 108-112° (115-116).




This was then refluxed for 15 minutes with 250 ml,
of water and 270 ml, of conc. stou. diluted with an
equal volume of cold water and cooled to 0°, The
resulting precipitate of p-nitrophenylacetic acid was
filtered off and recrystallised from hot water giving
48.5 gm. (48.5%) of acid m.p. 151 - 152° (152).

The p-nitrophenylacetic wae dissoclved in 250 ml., of
6N smmonis, warmed to 45° and H,8 passed in for 2§ hours,
the temperature not being allowed to rise above 50°,

After boiling, and removal of the precipitate of sulphur
so formed, 20 ml., of glacial acetic acid was added and
the crude p-aminophenylacetic acid filtered off,

. Rocryntaliisation from hot water gave 30.5 gm. (75.5%)
of pale yellow flakes m,p. 199° (200),

The diazo salt of this acid was then prepared by the
slow addition of 15 gm. of NaNO, to an ice~cold suspension
of ths acid in 60 ml, of conec, HCl + 60 ml. of water,

75 gm. cusou and 20 gm, NaCl were dissolved in 240 ml, of
boiling water and to the hot solution was slowly added
with stirring a solution of 19 gm. of sodium metabisulphite
and llxgm. NaOH in 120 ml, water., The precipitate of
cuzalz was washed by decantation and dissolved in 120 ml,
cone, HCl. The cuprous chloride solution was heated to
50° and the cold diazo solution slowly added with stirring.
The orude acid was filtered off and recrystallised from
hot water giving pale yellow needles, This material was
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finally purified by dissoiving 1t ian benzene and passing

the solution through an alumine column, This gave 23 gi.

(68,0%) of white p-chlorophenylacetic acid, m.p. 105° (105°),
5,000 gm, of this acid were dissolved in hot water and

neutralised by the addition of 1.462 gm., of 'Analar' calcium

carbonate, Pure dry csalcium grchlorophenylacetate was

then obtained by evaporstion, m,p. (with decomposition) 128°,

(v) Pyrolysis of Calcium p-Chlorophenylacetate

(1) 5 gm, of caléium p-chlorophenylacetate were placed
in a distilling flesk, connected directly to a liquid air
trap, and heated gently t1ll melting and decomposition took
plece, The pyrolyeie residue was tarry and contained much
charred cerbon in addition to calcium carbonute, The
dgistillate (1.5 gm ) was red and semi-crystalline, On
recrystallisstion (3 times) from petroleum ether, 1.1 gm.
(30.5%3 of white crystalline diparachlorobenzyl ketone was
obteined.

ketone m.p. 93° (93°)
oxime m.p., 135 (135°)
semigarbazone m,D. 118° (118°)

(11) As in (i), 1In this case the distillate wes

chromatographed in an attempt to ieolete a specimen of

divenzyl ketone but none was detected, the product egain




belng the di-p~chloro ketone.

(1i1) 5 gm, of the salt were pyrolysed under vacuum,
when 1.4 gm. of a less tarry product was obtained, Here

also, only the halogenated ketone was found,
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2. (a) Attempted Pyrolyeis of Lithium Trimethylacetate

5.000 gm., of trimethylacetic acid (B.D.H.) and 1.813 gm.
of lithium carbonate were dissolved in water and the
resulting lithium trimethylacetate recovered by evaporation
to dryness.

This salt was found to sublime at about 480° and on
heating it strongly in a distilling flesk, a small amount
of decomposition took place, judging by the smell, but the
products were so contaminated with undecomposed salt which

had sublimed over that the experiment was abandoned,

(b) Byrolysis of Calcium Trimethylacetate

20,000 gm, of trimethylacetic acid (B.D.H.) was
dissolved in water, neutralised with 9.80& gn. of calcium
carbonate (Analar) and the calcium trimethylacetate recovered
by evaporatlon to dryness.

A trial pyrolysis was carried out using 5 gm. of this
salt, It was placed in a distilling flask connected
directly to & smsll test~tube with a side arm and heated,
gently at first, till decomposition took place. About
0.25 mi. of a clear liquid distillate was obtained,
accompanied by the evolution of a large quantity of an
inflammable hydrocarbon. The residue consisted of carbon

and calcium carbonate. The distillate gave a precipitate
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with 2,4=dinitrophenyliuydrazine.
The pyrolyeis was then repeated oun a larger scale with
& liquid air trap, to condense the hydrocarbon, connectad

to the exit tubs of the apparatus,

(¢) Exaemination of the Hydrocarbon

The hydrocarbon formed was shown to be unsaturated
(decolourised KinO, solution) and had the smell of
lsobutylene which had, as mentioned previously in Section
11,2, been previously reported by Neunhoffer and Paschke (10).
It was treated with a dilute chromic acid solution and,
-after standing for 30 minutes at room temperature, was
neutralised with an exsess of ferrous sulphate solution,
The mixture was then steam distilled end titrated ageinst
0.07693N NaOH solution, 0,81 ml. bheing required, This is
of the order of the titration blank in oxidations of this
‘type, as is seen in a 1atar'section, and it may therefore
be concluded that the oxidation products do not contain an
acid,

The first 100 ml, of the neutralised solution were
distilled off and tested for acetone. Nn addition of
sodium hydroxide and iodine solutions, a precipitate of
iodoform was obtained, Excess iodine wzs removed, after
acidification, by the addition of silver sulphate and the
solution was thea steam distilled, neutralised with RaOH
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and evaporated to dryness, Trom the salt thus obtained an
S-benzyl-iso~-thiuronium salt was prepared with m,p. 134°
(cf. salt from acetate, m.p. 135°). A mixed melting point
of these derivatives was also 13&0, confirming the presence
of acetic acid in the residual solution from the iodoform
reaction, and hence acetone as an oxidation product, A a
precaution, the unoxidised gases were tested for acetone
but none was detected.

The above oxidation products, i.e. acetone and the
ebsence of aclds, confirm the formation of isobutylene in

- the pyrolysis of calciun trimethylecetate,

c cro CH
H3>cacziz —_— 3>c=o + 0, 4+ HYO
CHy CHy

(d) Examination of the Distillate

‘"he distillate was tested for carbonyl activity with
2,4-dinitrophenylhydrazine and a positive result was
obtained, On recrystallisation, the 2,4-D,N.P, obtained
nad m.p. 204° and, on a second recrystallisatiom, 209°,
which corresponds to that of trimethylacetaldehyde. An
attempt was made to fractionate the original 2,4-D.N.P. by
chromatography but the only band obtained was that of the
2,4~D, §.P., melting at 209°. There would appear therefore
to be only the one carbonyl component in the products of
the pyrolysis.
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Some difficulty was experienced in obtaining a second
derivative, but on pyrolysing directly into an aqueous
solution of semicarbazide hydrochloride a senicarbazone was
obtained which, after recrystallisaticn, meltcd at 188°
(cf, trimethylacetaldshyde semicarbazons, m.p. 1900).

Por confirmation, a sample of trimethylacetaldehyde was
synthesised, derivatives prepared and mixed melting poiats

taken, The following were found:-

m.p. of 2,4-~D,N.P. of trimethylacetaldehyde = 209°

" " "  pyrolysis product = 209°
mixed melting point = 209o

m.p. of semicarhbezone of trimethylecetaldehyde = 189°
LU " " pyrolysis product = 188°
nixed melting point = 188,5°

Trimethylaceteldehyde would aceordingly appear to be
the principal component of the pyrolyeis distillate,

(e) Synthesis of Trimethylacetaldehyde

An attempt was made to synthesise trimethylacetaldehyde
by the condensation of ethyl orthofdrmata with the Grignard
reagent prepared Irom t-~butyl chloride but this proved
unsuceessful and so the following method, due to Trister

and Hibbert (39) was adopted.



2(CH,}.CO + Mg ~- (CH,), - ¢ - CH H.SO (CH,),CCOCH

3/ 3/2 = § 2% | 373 3
(Hg) (CHy), - C = OH

Pinacol Pinacolone.

KMnO! (0H3)3000000ﬁ diphenylemine , (CHB)BCOHD

trimethylpyruvie trimethylaecetaldehyde,
eecid,

To 98 gm, of pinacol hydrats, prepared by condensation
of acetone, wae added 300 ml, of 6N sulphuric 2018 and the
mixture distilled. The upper layer of the distillate
wae dried (CaCl,) and distilled, the fraction 103-107°
being collected., This gave 24,25 gm, (34%) of pinacolone
whieh was then oxidised to trimethylpyruvic acid (40).

24,25 gm., of pinacolone, 75 g Kino, 24 gm., NaOH
end 1,5 litres of waler were stirred for 4 hours at the
end of which the MnO, was filtered off and the filtrate
eveporated to 100 ml, After acidification with 150 ml,
conc, HCl, the free acid was extracted with ether and
- vacuum distilled, giving 15 gm. (48.2%) of material b.p.
45° (5 mm. )

This, together with 7 gm. of diphenylamine was then
heated with vigorous stirring to 200° so that the aldehyde
wae distilled out as rapidly as it was fLormed. The
erude product was dried (ﬂgsoh), filtered and distilled,
the fraction 7u~78° being collected. This gave L.6 gm.
(46.5%) of trimethylacetaldehyde.




a) Preparation of Nitric Oxide,

The nitric oxide was prepared by Vinkler's method
(41). A dilute solution of potassium iodide + potessium
nitrite is placed in a flask fitted with a dropping tube
containing 50% stou which is added dropwise,

HNO, + HI —> H,0 + I + NO

The nitric acid thus liberated was collected by
downward displacement of water, Measured quantities
were then transferred, by means of a buraette, to a 2 litre

reservolr containing purified nitrogen, c¢are being taken

t0o exclude air at all times.

The apparatus used for these pyrolyses was the same
as that described later in Section IV, 5b, In order
that the generation of gassous products during the
pyrolyses would not take place too rapidly, and so prevent
the decomposition taking place in an atmosphere containing
nitric oxide, the furnace temperature was raised to just
below the decomposition point and then slowly increased
so that pyrolysis was complete in about 90 minutes,

Since the products formed were gaseous within the
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furnace, the actual composition of the pyrolysis atmosvhere
would be unknown. Accordingly, 1% of nitric oxide to

99% of nitrogean and 10% of nitric oxide to 90% of nitrogen
were arbltrarily chosen as the compositions of tha gas
introduced into the pyrolysis tube, The gas mixture

was passed through a P205 drying tube before entering

the furnace,

The methods used to analyse the pyrolysis products
were substantially the same as those described in Sections
IV, 5¢ and IV 6b but the nitric oxide, which also was
collected in the spiral liquid air traps of the apparatus,
interfered with estimations of acetone by the Messinger
method and accordingly had to be removed, Test estimations
- of acaetone were carried out after refluxing with urea, but‘
a fugitive end-point was obtaiaed. It was found, howsver,
that thia could be avoided by wmaking the solution alkaline,
after refluxing with urea, and distilling out the acetone,
No trouble with the end-point was experienced when thise
procedure was carried out,.

Singe acetone 1it3elf decomposes at the reaction
temperature it was aecessary to find how this decomposition
'was affected by the presence of altric oxide. Known
amgunts of scetona were passed through the furnace under
conditions identical with those of the actual pyrolyses
and the amount trapped in the spirals esiimated. The

following results were obtained,




Acetone recovery under 17 NO = 87.24%

" o " 10% NO = 77.85%

These pyrolyses were being carried out much more
slowly than those under pure nitrogen, and there is
tharaforo more decomposition of the acetone within the
furnace. - On passing through aceione by itself, an
average recovery of only 89.13% was obtained, In order
that a comparison might be made between the ylelds obtained
when nitric oxide is present and those when it is absent,

the sbove values had to be corrected to give the following,

Acatone recovery uander 1l NO = G8,88%
" " " 104 NO = 87.36%

All yields obtained were therefore corrected by these

values,
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Pyrolysies of Acetates.

a) Preparation of Salts for Pyrolysis.

)

The acetates and formates used in these pyrolyses
were prepared by neutrelisation of Anzlar glacial acetie
acid and formic acid with the following salts, Analar

grade being used where available:- LiECOB’ Naaco C0.,

30 %o
03003. 3?603, Baco3, choj, Hn003 Mg0 and PbOC, In
each case approximately 5% excess of acid was used and
the required salt recovered by evaporation to dryneqs on
8 water hath, Any free acid remaining was then removed
by heating in an oven at 125° for a period of 12 hours,
In the éase of the l1lsad salts which tend to decompose

at this temperature, heating was only to 100°,

For the pyrolysis of equimolar mixtures, weighed
quantities of the respective acetates and formates were
mixed, dissolved in water and evaporated to dryness on
a water bath. The mixed salt was heated at 120° for
geveral hours, then finely powdered and s known weight,

usually 200~500 mg., used in each pyrolysis.

Method of pyrolysis and Apparatus Used,

The Pyrolyses were carried out as follows, The salt,
which had been weighed into a small silica boat, was
placed in a silica pyrolysis tvbe 20 cm, long end 1 em,

in diameter. The outlet of this tube was connected by
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means of standard ground Joints to two spiral traps in
series immers2d in liquid air, and then to a bubbler

which enabled the rate of flow of the nitrogen to bd

 estimated, The tube was surrounded by & manually

controlled electric furnace which was placed in position

after the rest of the aprarstus had been connected together,

The temperature was then ralsed shove that required for
decomporition and maintained there for sbout 20 minutes
in which time the pyrolysis was completed,

During this heating, the whole apparatus was swept
out by a stream of nitrogen previously passed over copper
turnings at red heat, then through a glass spiral to allow
1t to cool and finally through phosphorus pentoxide,

This aswept the volatile nroducts into the spiral traps
in which they condensed.

After the nyrolysis, the contents of the traps were
allowed to warm to room temperature, there being in most

casas a slight evolution of carbon dloxide, The ligquid

‘products were then washed out of the traps and their

composition estimated,

Method Anslysis.

When acetates were pyrolysed alone, only acetone was .
estimeted in the decomposition products and Messinger's

method was used.

The scetone sclution waes shaken with 50 ml. of
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spproximately normal KOH in a stovpered flask. About
4O ml. of a decinormal iodine solution was then added
and the mixture shaken for ten minutes after which it
wag acldifised with about 50 ml, of epproximately normal
» nésoh. The excess of 1odine thereby liberated was
titrated with decinormal sodium thiosulphate,

1 ml, Iodine solution = 0,00968 gm, acetone,
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6. Pyrolysie of Acetste-Formete Mixturee,

a) Met!&gg Q;‘ ergl&gig.

These pyrolyses were carried out in the same manner

and in the same spparatue as that deseribed in the

previous section (IV, 5b),

| The principle pbodueta of the pyrolysis of acetats
formate mixturee were acetaldehyde and acetone, with
possibly the reduction products ethyl and propyl alcohol
respectively (L2), Since it was intended that some
pyrolyses were to be carried out on isotopically labelled
galts, it was necessary thet a pure specimen of the
aeetaldehyde, or & product derived from it, could be
obtained and therefore, for a method of analysis, that of
selective oxidation was chosen, By this means'the
acetaldehyde was oxidised to acetic aecid, which could be
determined by titration and the salt so formed easily
recovered for isotopic analysis 1f so reguired, Whereas
the acetone was unaffected. Any formaldehyde Tformed
would be oxidised to caerbon dioxide and water and so
would not interfsre with the estimations,

The method adopled was that of Adams and Nicholls
(43) es modified by Bell and Reed (17) and all oxidations

were carvied out uwadcr ithe conditions reco.4acaded by the
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authors,

The pyrolysis distillate, made up to about 50 ml.
with water, was oxidised with an equsl volume of a stoclr
oxidising mixture (10 om, K20r207 + 25 ml, cone, stoh
per 100 nl,) for 25 minutes, A solution containing 30 gm.
of ferrous sulphate was then sdded and the mixture steam-
dietilled, The distillate was neutrelised with NaOH
and the acetone distilled out, It was 81l contalned in
the first 100 ml, and was estimated as previously described
(Section IV, 5). Since the acetic acid, formed by
oxidation of acetaldehyde, was contaminated at this stage
with formie acid from the incomplete oxidation of
formaldehyde, the remainder of the solution was then
evaporated to emall bulk and oxidised by Fouchet's method
(Lh).

‘ To the solution of the sodium salts was added 1.5 gm,
of anhydrous sodium cerbonate and 20 ml. of a 5 gm./1.
KMnOh solution. This was maintsined at 80° on a water
bath for 30 minutes and, on cooling, 20 ml, of 50% Hasou
and an exeess of & ferrous sulphate solution were added,
"he sclution was then refluxed for 15 minutes to remove
cerbon dioxide end steam distilled, about 250 ml., being
collected, Thie was titrated immedilately with carbonate
free sodium hydroxide,

ginee the skbove methcd is not quantitative on a

semimicro scale, & prelluminary investigeticn was carried
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out to £ind the efficiency of the oxidations and so
obtain an empiriecal factor with which to multiply the

resulis obtained,
creparetion of listerials.

Acetie Acid.

Analar acetic acld was refiuxed twice for three hour
periods with chromium trioxide, 1 gm. per 100 ml. of =aecid,
The acid‘was then distilled, the fraetion bolling between
116° and 118° being collected and cooled to 15°0, The
supernatant liquid was discarded leaving glacial acetic

acid.,

acetone.

The acetone was refluxed with successive small
guantities of KMnOh until a violet colour persisted. It
was then dried (Kesoh), filtered and distilled, the fraction
‘boiling between 56-57° being collected. This was refluxed
with sodium iodide (100 gm. to 44O gm., acetone) and cooled
to «8°C. The crystals were filtered off and distilled
giving pure acetone b.p. 56,2° (760 mm, )

Etaz _1__ &Oom;o
Absolute alcohol was dried by Smith's method (45) as
)
modified by Manske (46). A sample of b.p. 78.4" was

collected,

sethyl Alcohol,.

The methanol was refluxed with magnesium turnings and
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distilled, the fraction of b.p. 65° being collected,

A sample of distilled water was oxidised and distilled
as descridbed sbove, the following average titration blanks
being obtained (0.03635N NaOH)

Blank for lst oxidation = 1,17 ml,
" ¥ 2nd * = 0,82 ml,

Weighed samples of acetic acid were then oxidised,
distilled and estimated as described above, The average
distillation loss was found to be L, 59% per distillation.

i.e, Recovery of acetic acid
after 2 distillations = 91.05%

1 a8 t A L) AN

A series of estimations was carried out on known
mixtures of acetone, ethyl and methyl alcohols, the results
of which are shown in Table XXIV, Considerable difficulty
was experienced in obtaining reprodusible results and it
was found that absolute standardisation of procedure in the
KHth oxidation was essential, i.e., the volume of solution
to be oxidised had to be exactly 50 ml, and the time of
oxidation 30 minutes at 80°, Under these conditions the
following average values were obtained after the two

oxidations,

Recovery of ethanol (as acetic acid) = 90,67%
Recovery of acetone = 99.71%
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7. Eyrolyseis of Phenylacetates
a) Preparation of Salts

Caleium, strontiun end berium phenylacetates were
propared by the sddition of an excess of Analar calcium,
strontium and barium cerbonates to a warm agueous solution
of récrystallised phenylacetic acid, Excess of the insoluble
carbonate was removed by filiration of the hot solution and
the desired salis were recovered by eveporetion to dryness
on & water bhath, They were finally dried in an air oven
at 120°,

For the pyrolysis of eguimolar mixtures, weighed
quantities of the respeoctive acetate and phenylacetate were
mixed, dissolved in water and evaporated to dryness on a
water bath. After having been heated to 120° for several
hours, the mixed salt was finely powdered and a known weight,
usuvally 1,0-1,2 gm. used in each pyrolyeis.

b) Method of Pyrrolysis

Because of the high bolling point of the pyrolysis
produets, and the consequent difficulty in removing them
from the pyrolysis tube, the method of decomposition under
a stream of nitrogen proved unsatisfactory. It was
aceordingly decided to perform them under vacuum,

The salt mixture, weighed into a silica boat, was placed




in a silica tube 25 cm. long and 2 em, in diameter, This

- already contained a plug of glass wcol to prevent the

carrying over of undecomposed salt during evacuation of the
spparatus, The outlet of the tubs was connected by means
of standard ground joints to two detachable liquid air traps
in series and then to a 'Hyvac' pump. The glass joints of
the spparatus were ungreased, sinece they had to be heated
the eonclusion of the pyrolysis, so that a pressure of
about 41 mm, wae cbtainsble,

The tube was heated with a manually controlled electric
furnace which wae heated quite gnickly from room temperature
to above that required for decomposition, It was maintained
there for about 30 minutes, in which tims pyrolysis was
complete, That part of the epparatus not enclosed by the
furnace was then {lamed ocut to ensure that all the products
were distilled into the liguid air traps. |

sls oducts

Freliminary analysis showed that dibengzyl ketone was
the only pyrolysis product containing a carbonyl group amd
it was therefore estimated directly in the distillate using
en oxime method, |

A mixture of hydroxylemine hydrochloride and the ketone

was allowed to stand in a stoppered bottle at room

temperature for 2 hours, The liberated HC1l was then titrated
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with an alcoholic solution of KOH (0.3 N) using bromophenol
blue as indicator. Since the ketone had been transferred
directly from the liquid air trap with ether, there was an
appreciable amount of yellow decomposition products (non-
ketonic) also in soliuticn, These prevented the developement
of the full blve colour of the indicator being observed
since the solution aslways eppeared green, It was found
however, that if weter was added to the solution before
titration all the yellow components remeined in the ether
layer sllowing a good end-point to be obtained in the aqueous
layer,

Triel estimatione by this method are shown im Table XXVI
and from thz=se results an empirical correction factor was

obteined

Indicator

Thie consisted of & O,4% methanol solntion of bromophenol
blue (B.D.H.). |

Alkall

KOH dissolved in 60% methanol to give a 0,3N solution
and standardised against O,3N HCl using bromophenol blue as
indicator to full blue colour, '

droxylami drochloride

3,475 gm. of the pure hydrochloride, recrystallised
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from water, was dissclved in 95 ml. of 60% methanol, 10 drops
of bromophenol blue added and the full blue colour adjusted
by addition of alooholic alkali. The solution was then
made up to 100 ml. with 60 methancl,
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Eyrotysis of Acetate~phenylacetate Mixtures

a) Method of Pyrolysie

b)

The pyrolyses were carried out in exactly the same

manner as that described in the previous section (II,7D).

Method of Analysis of Pyrolysis Distillete

It was desireble that the method of analysis to be
adopted should be reasonsbly quick, while remaining acocurate,
Thus the standard methode of estimating mixtures of ketones,
such as a fractional chromatographic separation of
2,L4=~dinitrophenylhydrazones, were not suitable and the
following method wae therefore considered,

The acetone could readily be separated, either by
dietillation or by washing with water, and be estimated
by Messinger's method. The total ketone remsining could
then be determined by the oxime method and, since the methyl
ketone would give the iodoform reaction, 1t also could bhe
estimatsd by Messinger's method, allowing the amount of
dibenzyl ketone present to be obtained by difference. With
this in view, trial determinations were carried out by both
the oxime and Nessinger methods on both methyl benzyl and
dibenzyl ketones. The results so obtained are given in

Tables XXV « XXVIII.
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Wt. of Wt, found % ege found
Ketone '
£ 8.
0. 4981 0, 5090 102. 2
0. 5506 0. 5632 102,3
0. L16L G. L2447 102,0

Average found for dibenzyl ketone = 02,2 &%

Table XXVI = Methyl Benzyl Ketone by the Oxime Method

wt, of Wt, found % age found
Ketone
g, gm.
- 3.18415 3,074 96,52
1.6729 1.614 96.45
2,876 2,122 96, 50

Average found for methyl benzyl ketone = 96,49 %

Teble XXVII - Dibenzyl Ketone by Messinger's Method

Wt, of Ketone No. of atoms of I
: per moleeule of
gm, ketone
00,2094 5188
0. 0707 5157
0,0682 5055

Average amoun:t of iodine teken up = 5,133 I/molecule
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Table XXVIII - Methyl Benzyl Hotone by liessinger's iiethod

Wt, of #Wt, found % nge No. of atoms of I
Ketone found per molecule of

gm, gm. ketone
0,1238 C.1382 111.7 6.563
0. 2931 0.3289 112, 2 6.59%
0.1154 0.1277 140.6 6.500
C. 1299 Ce 1436 110.6 6. 500
0. 2539 0.2828 111.4 6. 546

Average fouad for methyl benszyl ketone = 11 %
Average amount of iodine taken up = G, 541 I/molacule

As will be seen from Table XXVII, there was considerable
iodination of dibenzyl ketone under the analysis conditions
g0 that the method suzgested above was not practiceble,

The following method of anaslysis was therefore adopted.

The pyrolysis products were washed with ether from the
liquid air traps of the pyrolysis apparatus into a
distillation flask. By means of a water bath, the
temperature was slowly raised to 100° ana the distillate,
which éonsisted of the ether together with all of the acetone,
wag collested directly in a liquid air trap. The acetone
was then estimsted, as before, by Messinger's method. The
distillation flask was now allowed to cool and the apparatus
evacuated. The water bath was again slowly raised to 50°,

the distillation now teking place at a pressure of about 41 rm.
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This was found to give a clean separetion 6f the ketones,
The'residue, dibenzyl ketone, was estimated by the oxime
method (3Sevction IV,7e¢) and the distillate, methyl benzyl
ketone, by Messinger's method.

A egeries of estimetione were carried out on known
mixturaes of scetone, methyl benzyl and dibensyl ketones,

the results of which sre ehown in Tablee XXIX -~ XXXI.

Table XXITX - Acetone

No, of wt, of Wwt, found % age found
Mixture Aecetone
gm. gm.
4 0. 2635 0. 2593 98, 42
2 0. 2820 0. 2765 98,06
3 0, 2654 0, 2622 98. 80
4 0. 2129 0. 2088 98, 11
Iable XXX - Methyl Benzyl Ketone
No. of VWit, of Wt, found 7 age found
Nixtuvre Ketonse
gn. gn,
1 0. 3941 343999 101.5
2 0. 11259 0. 43414 102,0
3 0,4943 0. 5056 102, 3
L 0, 2780 0, 2852 102,6
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Toble YiXTI -~ Dibenzyl Xetone

No. of Wt., of Wt., found 4 age found
Mixture Ketone
gmc gm.

1 0.4062 0. 3800 93,56

2 0.5683 0. 5389 oL, 84

3 0.4259 0.3947 92,66

4 0,2956 0, 2764 93.48

Average found for acetone = 98,35 %

" " " methyl benzyl ketone = 02,1 %
" " " dibenzyl ketone = 93,63 %

These values were used in calculating all ylelds in

acetate~phenylacetate pyrolyses,

¢) Preparation of Materials

Acetone

The acetone was purified as described in Seetion IV,6b,

Dibenzyl Xectone

20 gm, of calcium phenylacetate were pyrolysed giving
12 gm. of crude product which was dissclved in ether, dried
(Mgsou) and, after removal of the solvent, fractionally
distilled, that between 329° and 332° being collected, This



gave L.65 gm. (68.5 ) of dibenzyl ketome, m.p. 34.5° (35°).
Purther fractionation was carried out to prepare a specimen

for enalysis,

Methyl Benzyl Yetone

Methyl benzyl ketons was synthesised according to the
following reaction scheme (47)

soC1 CH,, (COOEtL) .,
‘ e 2, - v
0 gH CH,C00R --§)06H50H20001 ——%) G4 CH,O00H(CO0ES) ,
phenylacetic vhenylecetyl . dlethyl benzyl
agid chloride ; malonate

~C0, |
e 4 CSHBCH‘?GGGH}

methyl benzyl
ketone

100 gm. of phenylecetic acid was refluxed on & water
bath with 400 ml. of thionyl chloride for one hour. The
mixture wae then distilled, the fraction boiling between
205%- 212° being collected. The yield of phenylacetyl
chloride was 54 gm. (L5 #}.

To 10,7 gm. of magnesium wes added 10 ml, of absolute
elcohol, 1 ml. of carbon tetrachloride and, after the reaction
hed procecded a fow minutes, 150 ml. of absolute ether, To
the resvlting mixture, on a steam bath, a solution of 64.4 gm.
of malonic ester in LO ml, of absclute alcohol and 50 ml., of

sbealute aether was added at such a rate that rapid refluxing
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was obtained, An ethereal solution of 51 gm. of phenylacetyl
chloride was then added with vigorous stirring and the
mixture refluxed for thirty minutes, it being then cooled
and acidified with dilute stoh. The ether phase, with
which an ether extract of the aqueous phase was combined,
was washed with water and the solvent distilled off,

To the crude diethyl benzylmalonate was added a solution
of 120 ml, of glaclal ascetic acid, 15 ml. conec. stoh and
80 ml. of water and the mixture refluxed for 4 houre to
complete the decarboxylation. The reaction mixture was
chilled and extracted with ether, After drying (Na2soh)
and removal of the ether, the methyl benzyl ketone was
distilled, the fraction 214°- 217° being collected,
31.10 gm. (70.5 %) of ketone was obtained. The melting
point of this ketone is erroneously given in the literature
as 27° but 4s in fact -15°,

This ketone was then fractionated a further three times
to give a»speeiuan for analysis, |
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(a} Attempted Synthesis of 130—carbogxl Labelled Formates

130 enriched carbon dioxide, prepared by treating

barium carbonate containing 66,8 %1130 with an excess of
eonc, stoh, wag bubbled gently in a stream of nitrogen
through a solution containing O.1349 gm. of NaCH, Non~
enriched 002 wae then bubbled through the solution to convert
all of the hydroxide to carbomate. The Ma,'°COs thus
prepared was sealed in a Carius tube with 0.1905 gm. of
sodium formate and heated at 180° for 8 hours.

An excess of baryta solution was added on cooling and
the precipitate of barium carbonate filtered off. It
weighed 0.2387 gm. (a 71.7% recovery) and contained Ll, 59¢
15¢c,  The filtrate was acidified with sulphuric scid and
steam distilled, the distillate being neutralised with
baryta and the barium formate formed recovered by evaporation
to dryness. Isotopic aessay showed the ’30 content of this

formate to be 1,210%.

thesis of 13 ~carboxyl elled icetates

The method used was substantially the same as that
recorded by Calvin et al. (33). '°C enriched carbon dioxide,
prepared by treating enriched barium carbonate with an
excess of concentrated sulphuric acid, was distilled in a

high vacuum system on to a threefold excess of previously
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prepared methyl magnesium iodide frozen in liquid air,

After warming to -150, the mixture was agltated to facilitate
the absorption of the carbon dioxide. Nitrogen was allowed
into the apparatus and a small excess of dilute sulphuric
acid was added to decompose the Grignard reagent, The
solution was then neutralised with NeOH and the ether
removed by evaporation.

After cooling and reacidification with dilute sulphuric
acld, an excess or silver sulphate solution was added, the
silver iodide formed being filtered off and the filtrate
steam distilled. The yields of acetic acid obtained by
this method varied from 85 - 95%.

Lithium acetate was prepared by titration with lithium
hydroxide solution, calecium, strontium and barium acetates
by refluxing with the calculated quantity of the corresponding
carbonate and megnesium acetate by refluxing with magnesium
oxide. Analar materials were used where possible,

Equimolar pyrolysis mixtures were then prepared from
weighed quantities of the isotopically enriched acetates

and the corresponding normal formates

Pyrolyses in Isotopic Experiments

The pyrolyees were carried out exactly as described
for non-isotopic experiments (Section IV,5a). The pyrolysis
distillate was oxidised, steam distilled ete. as before and
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the final distillate neutralised with barium hydroxide
solution. On evaporation to dryness the resulting barium
acetate was recovered and retained for subsegquent isotopic
assay.

The carbonate residues were also assayed for 130. In
the case of magnesium however, the pyrolysis reeidue consists
of magnesium oxide and in this case the distillate from the
pyrolysis was transferred from the liquid air to a Drikold -
acetone bath, the carbon dioxide which evaporated being

trapped and retained for isotopic analysis.
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10. (a) Syntheeis of '2C-carboxyl Lebelled Phenylacetates

A solution of benzylmegneslum chloride was prepared
by standard technique (33} from 0.0818 gm. (0.00346 mole) of
magnesium and 0.3958 gm. (0.00312 mole) of benzyl chloride
in 3 ml. of dry ether.

Carbonation of this Grignard solution was effected at
-20° with 700, generatea from 0.4983 gm. (0.2528 m.mole)
of '3c.enriched barium carbonate.  After addition of dilute
Hasou to destroy the Grignard complex, the phenylacetic acid
was isolated by extraction with alkali followed by
acidification of the alkaline solution. The crude acid was
purified by crystallisation from 5 ml. of petroleum ether
(30°~ 60°) giving 0.2572 gm. (75% based on BaC05) of pure
aeid. m.p. 75° (76°). |

The enriched phenylacetic acid was then divided into
three portiong and excesses of calcium, strontium and barium
carbonates were respectively added to these in boiling
aqueous solution, The excess carbonate was filtered off
and the phenylacetates recovered by evaporation to dryness,

After dilution with non-enriched material the resulting
phenylacetates were intimately mixed with an equimolar
amount of the corresponding acetate and about 0.5 gm. of
this mixture wag used in each pyrolysis, which were carried

out exactly as for non-isotoplc experiments.
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b) Isolation of Samples for Isotonic Anslysis

The mixture of ketones from the pyrolysis, which had
colleected in the liquid alr trap of the apparatus, was
preliminarily separated by the method previously described
in Seetion IV,8b. In order to purify the fractions
consisting of the methyl benzyl and the dibenzyl ketones,
they were transferred with ether to 1 ml. flasks fitted

with standard Joints and the ether removed on a water bath.

-Methyl Benzyl Ketone

The flask was connected as shown in Figure ] and the

apparatus evacuated.

Figure I Figure I

c::::::ﬂ (—=T0 pump (—) (—=T0 pump

O =i O <Y

"he U~-tube having been immersed in liguid alr, the
flask was placed in a water bath, the temperature of which

was slowly raised to 50° and maintained there for ten minutes.



On removal from the liquid sir trep, the methyl benzyl
ketone collectsd at X, It wag then transferred to a smsll

glass ampule and retained for isotope assay.

Dibenzyl Ketone

The flask was ccnnected as shown in Pigure 1I, eveacuated
and heated, by means of a water bath, to 50° for ten minutes.
The U-tube was immersed in liquid eir and the temperature
of the water bath raised to 100° for ten minutes, the
dibenzyl ketone thereby being transferred to the U-tube,

On removal from the liguid air and warming, the ketone
collected in the capillary beneath Y, which was then sesaled
off at Y, and retained for subsequent analysis,
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11. (&) Synihesis of 43C—carboxy1 Iebelled Benzoates

An approximately 0.8 M solution of phenylmagnesium
bromide in ether was prepared from 0.5026 gm. of bromobenzene
and 0,0876 gm. of magnesiwa. This wes carbonated at -20°
with cerbon dioxide generated from 0.4949 gm. of isotopieally
enriched barium cerbonate, The reaction mixture was
acidiflied and the orgenic nmatesrial extraeted with ether.
Benzeic acid was then extracted from the ethor with NeGH
and reprecipitated with a slight excess of 6Y HCI. Thise
wag again extracted with ether and the pure acid was recovered
by evaporation to dryness. 0,1801 gn. (60Y based on Ba13G03)
of acid was thus obtained. m.p. 122° (122°).

0.0900 gn. of this material, in aqueous solution, wss
neutralised with lithium hydroxide and the remsainder with
calcivm carbonate, On evaporation to dryness on & water
bath, lithium and calcium benzoales were obtained, These
were then diluted with non-enriched material and 1ntimatoly'
mixed with an equimolar gquantity of the corresponding
agetates,

The mixtures were pyrolysed as described for acetate-
phenylacetate mixtures,

b) Isolation of Semples for Isotopic Analysis

Preliminary experiments with non-labelled material
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showed ihe yield of henzmaldehyde on pyrolysis to be so
emell that iscolation of it as such would prove very difficult.
It was accordingly decided to selectively oxidise the
pyrolysis products andéd so isolate the benzaldehyde as
benzoic acid. The method due to Fouchet (4l) was adopted
since this converted formaldehyde %o carbon dioxide and
benzaldehyde to benzoic acid whereas benzophenone was
untouched.
mo the pyrolysis products, in sbout 50 ml, of water,
was added 1.5 gm., of anhydrous sodium carbonate and 20 ml.
of a solution containing 5 gm. of KMnQ, per litre. This
mixture was placed on a water bath and maintained at 80°
for 30 minntes. Cn cooling, 20 ml. of 50% HZSoh and an
ezcess of ferrous sulphate solution were added to the solution
which wes then steam distilled, The distillate was
neutralised with a barium hydroxide solution and evaporated
to dryness in order to recover the barium benzoate,
Preliminary experiments showed that 75 - 80% of the
benzaldehyde could be converted to, and 1solated as, bariun
benzoate in this manner. The barium benzoate was retained

for subsequent isotople aasay.



12. Isobopic Assay

All combustions were carried out directly on the

apecimens obtalined as previously descrilbed. The samples

were converted into carbon dioxide by the wet combustion

method of van Slyke and Foleh {31).
A few milligrams of the sample were placed in the lower

limb of the apparatus shown in Tigure III.

Mgure 11T




With tap B closed and A, C and D open, the apparatus
was evacuated. Tape A and C were closed and B opened,
allowing about 15 ml. of van Siyke and rolean reageut to be
introduced into the upper half of the sapparatus. ‘ihe
reagoent was prepared by dissolviug 25 gm. of CPUB and 5 gn,
of KIO3 in 167 wl. of phospnoric acid (density 1.7, wmade by
boiling 85, phosphoric ueid) aud 533 mi. of fuming sulphurie
acid contaiaiog 20, ree 503.

Tap o was closed, tap A opensd and the anperatus again
evacuated, this time {o remove any dissolved gas from ths
oxidising ageant. Af'Per about five minutes taps A and D
were closed and tap € opened, allowing most of the reagent
to run on to the sanple. “he resulting solution was gently
bolled for ten minules, in which time all carbon present
was converted Lo carbon dioxide, Tap A was thean opened
and the gas sample traansferred, after drying in a Drikold-
acetone itrap, to a break-seal tube, This enabled the
sample to be introduced direetly into the mass speciromeier
(Metropolitan~Vickers Ltd., Type .S.2.).

The ebundance was determined from the relative
intensities of the peaks of mass numbers L4 and 45.

The following two sets of readings, chosen at random,
illuastrate how the abundance values, given in the tables
in Section II, were oblained. They also indicate the
degree of accurascy and reproducibility which may be expected.

The numersl in brackets indicates the range on which the
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readings were taken.

Range 6 = 2 X range 7
Range 1 = 100 x range 7

¥ass spectrometer scale readings with sample of cga obtained
by oxidation of methyl benzyl ketone s T
Blanke:- Llt 170(7;
45 10(7

Mass no. Li 560%13 560 560 560 560 560 560 560
Mass no. L5  500(6) 505 505 500 500 505 505 505

1.743 1,760 1760 4743 4743 4760 4760 1,760
Percentage of 130 present = 1,754

¥ §
Blanks:~ Ll 17057;
L5 o(7

Mass no, Lk azogﬁ L22 120 K15 422 421 420 L20
Mass no, 45 380(6) 380 375 375 375 374 380 380

1.784 4776 4762 4782 4754 4753 4784 4784
Percentage of 19¢ present = 1,772%

Mean valus of 136 content of mathyl benayl ketone = {,763%
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