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An acid isolated from the peel of apple fruits was found to have the formula 
C3H6Oa(COOH)2 and  to conta in  one hydroxy  group. In  the process of ident i fy ing this 
acid its oxidat ion was s tudied as well as tha t  of the oxidat ion of synthet ic  ci tramalic 
acid and  fl-hydroxyglutaric acid. The oxidat ion of an (OH) group was expected in each 
case to produce the corresponding keto acid, acetoacetic acid from citramalic acid, 
acetonedicarboxylic acid from fl-hydroxyglutaric acid. Since bo th  these keto acids are 
very unstable  it  was decided to oxidise the parent  acid and  immedia te ly  condense the 
result ing keto acid with 2 .4-dini t rophenylhydrazine  in the hope tha t  at least some 
2.4-dini t rophenylhydrazone might  be obta ined  undecomposed for characterisat ion by 
mel t ing point,  paper chromatography,  light absorpt ion spectra etc. The u l t imate  object  
was to use such data  to establish the iden t i ty  of the " u n k n o w n "  isomer from the apple 

peel. 
The results obta ined proved conclusively tha t  both DL-citramalic acid and  fl-hy- 

droxyglutaric acid as well as the acid from apple peel yielded, on oxidat ion (isolated as 
the 2.4-dinitrophenylhydrazone) acetoacetic acid with the probable in te rmedia te  for- 
mat ion  in the case of f l-hydroxyglutaric acid of fl-ketoglutaric acid. Dur ing  the process 
there was always considerable fur ther  breakdown to acetone. 

Similarly, a l though on oxidat ion citric acid should yield acetone dicarboxylic acid, 
the main  keto acid recovered (as the 2.4-dini trophenylhydrazone) was acetoacetic acid. 

EXPERIMENTAL 

The method of isolation, in a pure form, of L-citramalic acid from the peel of apples and the 
method used to synthesise DL-citramalic and /5-hydroxyglutaric acids have already been described 
(HuLME1). 

Chromatographic methods. All paper chromatograms were run by downward displacement in 
glass tanks with greased, well fitting lids, the tanks being situated in a room kept at a constant 
temperature of 2o? C (4- o.I °). The solvent system used was n-butanol 70 parts, ethanol io parts, 
o.5 N NH4OH 2o parts (EL HAWARY AND THOMPSON2). Whatman No. 3MM filter paper was used 
throughout. After running, the chromatograms were dried in a current of air at room temperature. 
The 2.4-dinitrophenylhydrazones travel as clearly visible yellow spots but to obtain a good photo- 
graphic reproduction of the completed chromatogram it was found advantageous to spray with N 
NaOH. This causes the yellow spots to turn deep brown due to the property the nitrophenylhydra- 
zones possess of forming deeply coloured water-soluble salts in NaOH (see later). The colour change 
on the paper is transitory so that photographs must be taken immediately after spraying. When 
chromatograms were to be used for the elution of the spots for subsequent examination this spraying 
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technique was, of course, omitted.  For  subsequent  examinat ion of tile various spots  appear ing on 
the completed chromatograms  of the n i t rophenylhydrazones ,  these yellow spots  were eluted with 
io % Na~CO 3 by  the method described by  ]EL HAWARY AND THOMPSON 2. 

Acetone dicarboxylic acid (A .D.A .) and aeetoacetic acid (A .A .). The first named acid was obtained 
by  the oxidat ion of citric acid (v. PECHMANN3); acetoacetic acid was prepared by  hydrolysis  of 
commercial  ethyl acetoacetate (PLIMMERt). 

Preparation o[ 2.4-dinitrophenylhydrazones [rom acetone dicarboxylic acid and acetoacetic acid. 
Several methods  for the prepara t ion  of n i t rophenylhydrazones  of keto acids appear  in the l i terature 
bu t  prel iminary exper iments  showed tha t  the method giving minimal  decomposit ion in the present  
instances was t ha t  used by  CLIFT AND COOK s with the following modifications: ( I )Al l in i t i a l  prep-  
arat ive work was carried out  at  I ° C. (2) After drying the recrystallised phenylhydrazones  in vacuo, 
they were extracted with a min imum of cold ether and then  centrifuged off at i ° C. They were then 
redried in vacuo. This t r ea tmen t  removes traces of acetone formed during the preparat ion.  

Analysis o/ the 2.4-dinitrophenylhydrazones prepared /tom A.D.A.  and A .A .  Nitrogen content  
(Weiler and Strauss,  Oxford). A.D.A. compound:  found 18.5; calc. for the pure compound,  17.2 %, 
A.A. compound  : found 2o.2 ; calc. for the pure compound,  19.9 %. M.p. (corrected) ; A.D.A. compound,  
126-126.5 ° C; A.A. compound,  126-126. 5. The mixed m.p. of the two compounds  was 126.5 ° C. 
Acetone 2.4-dini t rophenylhydrazone had a m.p. of 127.5; admixed wi th  either the A.D.A. or the 
A.A. compound  the m.p. was 126.5-127 ° C. Micro t i t ra t ions of the 2.4-dini t rophenylhydrazones 
obtained from A.D.A. and A.A. using the technique of CLIFT AND COOK 5 gave the results  shown 
in Table I :  

T A B L E  l 

.XIICRO T I T R A T I O N S  OF 2 . 4 - D I N I T R O P H E N Y L H Y D R A Z O N E S  

Weig~,t taken ml M /7o NaOH Calc. as A .A .  
(rag) Found Calc. as A .D.A.  

A.D.A. 5.14 1.3o 2.21 1.28 

A.A. 4.28 1.o2 - -  1.o6 

Oxidation o/ citric acid, fl-hydroxyglutaric acid and citramalic acid [ollowed by the immediate 
condensation o/ the resulting keto acids with 2.4-dinitrophenylhydrazine. A few milligrams of each of 
these acids were heated with o. 5 ml of conc. H2SO 4 in a small test  tube until  a yellow colour jus t  
appeared. The tube  was then rapidly cooled in ice and 2 N NaOH added until  the solution was jus t  
alkaline. The liquid was then t ransferred to a small separat ing funnel and i ml of a sa tura ted  solution 
of 2 .4-dini t rophenylhydrazone in 2 N HC1 added. The funnel was shaken and left to s tand for 5 rains. 
The hydrazone formed was then  extracted with ethyl acetate and the water  layer run  off. The ethyl 
acetate extract ,  containing the crude hydrazones,  was then treated wi th  sodium carbonate  etc. 
according to the procedure of CLIFT AND COOK< The final ethyl acetate extracts ,  which did not  
contain sufficient of the n i t rophenylhydrazones  for direct isolation, were used in subsequent  paper-  
chromatographic  and light absorpt ion procedures (see later). 

Light absorption measurements. The measurements  of light absorpt ion  on the alkali-treated 
2.4-dini t rophenylhydrazones were carried out  in a Unicam S.P. 50o quar tz  spect rophotometer .  

RESULTS 

I .  O n  o x i d a t i o n ,  c i t r i c  a c i d  w o u l d  be  e x p e c t e d  t o  y i e l d  a c e t o n e  c l i c a r b o x y l i c  ac id  

a n d  s o m e  a c e t o n e  f r o m  d i e a r b o x y l a t i o n  o f  t h e  A . D . A .  a s  f o l l o w s :  

COOH COOH 

r J 
CH~ CH 2 

J 
HO-- C--COOH ---+ CO 

I I 
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2. fl-hydroxyglutaric acid should also be oxidised to A.D.A. and acetone: 

C 0 0 H  C 0 0 H  

CH 2 CH~ 
t 

H - - C O H  > CO 

i I 
CH~ CH~ 

I I 
C 0 0 H  C 0 0 H  

CH s 
I 

CO 

I 
CHa 

3. On the other hand, citramalic acid, by analogy with citric acid, should undergo 
oxidative dicarboxylation to acetoacetic acid which also readily decomposes to give 
acetone: 

CH s CH s CH 3 
I I I 

H O - - C - - C O O H  * CO > CO 

i t I 
CH 2 CH~ CH s 
I I 

C 0 0 H  C 0 0 H  

The reactions involved in I. and 2. should therefore, in the presence of 2.4-dinitro- 
phenylhydrazine, yield the nitrophenylhydrazones of A.D.A. and acetone whereas the 
one involved in 3. should yield the nitrophenylhydrazones of A.A. and acetone. In fact, 
as will be seen from Fig. I, all three reactions give essentially the same nitrophenyl- 
hydrazone chromatogram. Although chromatogram A (Fig. I) does show a trace of a 
spot (spot I) of a low RF, spot 3 is undoubtedly the nitrophenylhydrazone of acetone. 
Spot 2 is in the position to be expected for the 2.4-dinitrophenylhydrazone of a mono- 
carboxylic keto acid (see later and also EL HAWARY AND THOMPSONS). The 2.4-dinitro- 
phenylhydrazone of a dicarboxylic keto acid would be expected to have a much lower 
RF value. This is clear from Fig. 2 in which the 2.4-dinitrophenylhydrazone of a-keto- 
glutaric acid is included. EL HAWARY AND THOMPSON s showed that the RF of the nitro- 
phenylhydrazone of oxaloacetic acid (also a dicarboxylic keto acid) is very close to 
that  of the a-ketoglutaric acid compound; the nitrophenylhydrazone which it will be 
suggested later is that of acetone dicarboxylic acid (Fig. 2) also has an RF value close 
to that of the a-ketoglutaric acid compound. In other words, comparing the RE values 
of the 2.4-dinitrophenylhydrazones of acetone, acetoacetic acid and acetone dicarboxylic 
acid, the carboxyl group is the functional group in the separation of the compounds 
on the chromatogram. 

The explanation of the similarity of all the chromatograms of Fig. I lies in the study 
of the 2.4-dinitrophenylhydrazones obtained from pure acetone dicarboxylic acid and 
acetoacetic acid. Chromatograms for these compounds are shown in Fig. 3. In this 
figure chromatograms A and B are of the 2.4-dinitrophenylhydrazones prepared from 
A.D.A. and dissolved in phosphate buffer, pH 7.2. (EL HAWARY AND THOMPSON 2) and 
in ethyl acetate respectively before "spotting". The material for C and D was obtained 
by running six parallel spots of A.D.A. (as chromatogram B in Fig. 2); three of the 
spots in position I were cut out and eluted with methanol, taken to a low volume 
under vacuum at I ° C and spotted to give chromatogram C; three of the spots in po- 
sition I were cut out and eluted with Io% Na~CO 3 and I ml 2 N NaOH added (as in 
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Fig, i. Chromatograms of 2.4-dinitrophenylhydrazones from oxidation products of 
A. Citric acid B. fl-OH-glutaric acid C. Citramalic acid 

Fig. 2. 2.4-dinitrophenylhydrazone prepared from pure keto acids 
A. a-ketoglutaric acid B. fl-ketoglutaric acid (A.D.A.) 

C. A.D.A. hydrazone after alkali t reatment  and reacidification 

Fig. 3- 2.4-dinitrophenylhydrazones of A.D.A. and A.A. treated in various ways 
A, A.D.A. spotted up in phosphate buffer, pH 7.2 B, A.D.A. in ethyl acetate 
C, A.D.A. (spot I as chromatogram Fig. 2, B) eluted with methanol and respotted 
D, as C but eluted by Na~COs technique etc. (see text) E, A.A. in ethyl acetate 

F, A.A. spotted up in phosphate ,  pH 7.2 

| | , 

E F 

the procedure for measurement of absorption spect ra- -see  later) reacidified with ice- 
cold 2 N HC1 and the hydrazone extracted with a minimum of ethyl acetate andspotted 
to give chromatogram D. Chromatograms E and F were prepared from solid 2.4-dinitro- 
phenylhydrazine dissolved in ethyl acetate (E) or phosphate buffer of pH 7.2 (F). 

The results of this series of chromatograms show that  the 2.4-dinitrophenyl- 
hydrazone of A.D.A. readily breaks down, not directly to acetone, but through the inter- 
mediary of acetoacetic acid 2.4-dinitrophenylhydrazone. This breakdown is accelerated 
by the alkali extraction technique (Chromatogram D). Breakdown via the acetoacetic 
acid compound to the acetone compound must also occur during travel on the chromato- 
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Fig. 4. Abso rp t ion  spec t r a  of t he  2 .4 -d in i t r opheny lhyd razones  in alcohol of: 

I. pu re  ace tone  
2. Spot  3 f rom c h r o m a t o g r a m  of oxidised c i t ramal ic  acid f rom the  apple  
3. Spot  3 f rom c h r o m a t o g r a m  of oxidised f l -hydroxyg lu ta r i c  acid (synthet ic)  
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Fig. 5. Abso rp t ion  spec t ra  in alkali  of the  e lu ted  spo t s  of 2 . 4 -d in i t r opheny lhyd razones :  

i .  of A.D.A.  Fig. 3 B, Spot  i 
2. of A.A. Fig. 3 E, Spot  2 
3. of A.D.A.  Fig. 3 B, Spot  2 
4. of ox ida t ion  p r o d u c t  of citr ic acid, Fig. z A, Spot  2 
5. of a -ke tog lu ta r i c  acid 
6. of ox ida t ion  p roduc t  of c i t ramal ic  acid, Fig. i C, Spot  2 
7. of ox ida t ion  p r o d u c t  of f l -hydroxyg lu ta r i e  acid, Fig. i B, Spot  2 
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gram since such breakdown is reduced by buffering the 2.4-dinitrophenylhydrazones 
of both A.D.A. and A.A. to pH 7.2. 

This provides an explanation of the fact that on oxidation citric acid, fl-hydroxy- 
glutaric acid and citramalic acid yield acetoacetic acid (and subsequently, acetone). 
That A.D.A. has at least a fleeting existence in the oxidation of citric and fl-hydroxy- 
glutaric acids is clear from the trace of spot I in chromatogram A of Fig. I. 

Light absorption curves of the various 2.4-dinitrophenylhydrazone preparations 
support the chromatographic evidence. The absorption curves shown in Fig. 4 confirm 
that  spot 3 in the chromatograms is due to the 2.4-dinitrophenylhydrazone of acetone. 
The curves in Fig. 5 do not appear superimposed on one another owing to the different 
concentrations (and consequently the number of absorbent moleculars in the path of 
the light beam) of the various preparations. This difference is inevitable because the 
degree of oxidation in the various preparations cannot be controlled, neither can the 
amount of decomposition to the dinitrophenylhydrazone of acetone. Since, however, 
the optical density is plotted as the logarithm and the concentration factor is thereby 
eliminated (BRADFIELD AND FLOOD6}, the virtual identity of all the curves, except that 
for a-ketoglutaric, is clear, for by suitable vertical transposition, they do superimpose 
on one another. Identical curves to those shown were obtained by using the FRIEDEMANN 
AND HAUGEN ~ method directly on the oxidation mixtures and on the prepared samples 
of the 2.4-dinitrophenylhydrazones of A.D.A. and A.A. Once again it is evident that 
acetoacetic acid alone is responsible for spot 2 and is the "end"  keto acid in the oxidation 
of citric, fi-hydroxyglutaric and citramalic acids. The 2.4-dinitrophenylhydrazone of 
a-ketoglutaric acid shows a shift to a lower wavelength for the second peak. Acetone 
would not be a contaminant of the alkali solution used for the measurement of light 
absorption since its hydrazone is insoluble in alkali. Even the eluted spot of "pure" 
A.D.A. hydrazone (spot I ) - -F ig .  5, curve--has ,  during the elution and preparation 
of the coloured sodium compound, decomposed to the hydrazone of acetoacetic acid 
(spot 2) as it does during the running of the chromatogram. 

DISCUSSION 

The results of the analysis of the hydrazones of acetone dicarboxylic acid and aceto- 
acetic acid show that, although carefully prepared with a view to minimising de- 
composition, the nitrogen content of the acetone dicarboxylic acid compound is much 
too high, while that for acetoacetic acid is very close to the theoretical value. The high 
nitrogen value for acetone dicarboxylic acid hydrazone must be due to partial de- 
composition to the hydrazone of acetoacetic acid. This emphasis the great instability 
of the acetone dicarboxylic acid which when dissolved in alkali and back-titrated goes 
completely to acetoacetic acid (Table I). The decomposition of the acetoacetic acid to 
acetone clearly takes place much more slowly. The data presented provide a complete 
explanation of the otherwise puzzling fact that on oxidation both fl-hydroxyglutaric 
acid and citramalic acid, compounds differing considerably in their structure, yield the 
same keto acid, namely acetoacetic acid. 

These results also throw light on the fact that quinic and citric acids (quinic acid --* 
citric acid on oxidation) yield, on oxidation, small amounts of malonic acid. Oxidation 
of citric (and consequently, quinic acid) leads to the formation of acetone dicarboxylic 
acid and it has been suggested (HULME AND ARTHINGTONS), that this acid breaks down 
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directly to malonic acid. The ease with which acetone dicarboxylic acid loses one 
molecule of CO~ to give acetoacetic acid suggests that  this lat ter  acid might be an 
intermediate in the oxidation of acetone dicarboxylic acid. I t  follows also that  oxidation 
of citramalic acid should yield, via acetoacetic acid, some malonic acid. In fact, paper 
chromatographic evidence shows that  on oxidation of citramalic acid acetoacetic acid 
by hydrogen peroxide in the presence of Fe +2 (Fenton's reagent) malonic acid is pro- 
duced (HuLlVrEg,). The readiness with which aeetoacetic acid breaks down to acetone 
may be an added explanation of the low yields of malonic acid in such reactions in vitro 
(HULME AND ARTHINGTONS). 

The ease with which citramalic acid oxidises to acetoacetic acid is of interest in 
considering its position in the metabolism of apple peel tissue. In  vivo this reaction may 
be reversible. Acetoacetie acid is concerned in the metabolism of fats and citramalic 
acid has only been found in the fat-containing peel tissue and not in the pulp which 
is practically free from oils and fats. Furthermore,  the apple is known to produce 
appreciable quantities of acetone (HuELIX TM, MEIGH n) which may be a result of the 
decarboxylation of acetoacetic acid. Further  investigation of the metabolism of citra- 
malic acid in the peel of apples is being carried out. 
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SUMMARY 

I. A study is made of the oxidation products of an acid isolated from the peel of apples, synthetic 
citramalic and fl-hydroxyglutaric acids, coupling the oxidation products with 2.4-dinitrophenyl- 
hydrazine for this purpose. 

2. As a result of this study, it is confirmed that  the acid from the peel is citramalic acid and 
an explanation is provided for the observation that  both citramalic acid and/5-hydroxyglutaric acid 
yield acetoacetic acid on oxidation. 

3. The data presented also explain why quinic acid and citric acid yield, on oxidation, malonic 
acid and suggest that  there is an intermediate formation of acetoacetic acid. 

4. In the light of these results the possible function of citramalic acid in the apple peel is dis- 
cussed and it is suggested that  the acetone known to be given off by apples might ultimately derive 
from this acid. 

R~SUM£ 

I. L'auteur a 6tudi6 les produits d'oxydation d'un acide isol6 du p6ricarpe de la pomme, 
de Facide citramalique synth6tique et des acides ~-hydroxyglutariques en les couplant avecla 2, 4- 
dinitroph6nylhydrazine. 

2. Les r6sultats de cette 6rude confirment que l'acide isol6 du p6ricarpe est l'acide citramalique, 
et l'auteurs propose une hypoth6se qui rend compte de la production d'acide ac6toac6tique par 
oxydation des deux acides citramalique et fl-hydroxyglutarique. 

3. Les r6sultats obtenus expliquent 4galement pourquoi l'acide quinique et l'acide citrique 
fournissent, par oxydation, de l'acide malonique et sugg6rent la formation interm4diaire d'acide 
ac6toac6tique. 

4- A la lunli6re de ces r6sultats, le r61e possible de l'acide citramalique dans le p6ricarpe de la 
pomme est discut6 et l'auteurs sugg6re que l'ac6tone h laquelle les pommes donnent naissance 
pourrait en dernihre analyse provenir de cet acide. 
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ZUSAMMENFASSUNG 

1. Es wird eine Unte rsuchung  der Oxydat ionsprodukte  einer aus den Schalen yon "£_pfeln 
isolierten StLure, synthet ischer  Citraapfels~ure und yon fl-Oxyglutarst~ure durch Kupplung  der 
Oxydat ionsprodukte  mit  2.4-Dinitrophenylhydrazin ausgeffihrt. 

2. Das Ergebnis der Unte r suchung  besttLtigte, dass die StLure aus den Schalen Citraapfelst~ure 
ist und  es wird eine Erkliirung fiir die Beobachtung gegeben, dass sowohl Citraapfels~iure wie fl-Oxy- 
glutarstkure bei der Oxydat ion Acetessigstiure ergeben. 

3. Die vorliegenden Daten erkliiren ebenfalls, weshalb Chinas~ure und Citronens~iure bei der 
Oxydat ion Malonsiiure geben und lassen die intermediiire Bildung von Acetessigs~ure vermuten.  

4. Im Hinblick auf die Ergebnisse wird die m6gliche Funkt ion der CitraapfelsXure in.der Apfel- 
schale besprochen und die Vermutung  ausgesprochen, dass d a s - - w i e  b e k a n n t -  yon Apfeln ab- 
gegebene Aceton letzten Endes yon dieser Siiure s t ammen  k6nnte.  
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