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Cis-trans isomerization of 2,4-dinitrophenylhydrazones of some aliphatic a-keto acids takes place in water and

some organic solvents by the catalysis of hydrogen ions.

Trans isomer is more stable than cis isomer for lower

keto acids and the reverse is the case for higher keto acids. The fraction of ¢is isomer in isomeric mixture at equi-
librium in organic solvents such as ethyl acetate and ethyl ether, saturated with 6N hydrochloric acid, was larger

than that in aqueous solution.

characteristics in 1N sodium carbonate except for some keto acids with tertiary or quaternary f-carbon.

The two isomers could be separated by means of the difference in their solubility

Melting

points of some pairs of the hydrazone isomers were found to be the same when measured by the usual method.
This is due to the isomerization of one isomer to the other which takes place during the course of heating.

For the separation, identification and determination
of carbonyl compounds, the 2,4-dinitrophenylhydra-
zine method is most often used in the fields of organic
and biological chemistry. Studies have been carried
out on physical and chemical properties of the 2,4-
dinitrophenylhydrazones. However, only a limited
number of studies has been reported on their geometrical
isomers and isomerization.

Separation and assignment of cis and frans isomers of
the hydrazones of the following a-keto acids and the
related compounds were reported after the discovery of

* Present address; Mukogawa Women’s University, Nishino-

miya, Hyogo.

** Present address; Kyoto Women’s University, Higashiyama-
ku, Kyoto.

1) D. E. Metzler, J. Olevard, and E. E. Snell, J. Amer. Chem.
Soc., 76, 644 (1954).

2) A. Meister and P. A. Abendshein, Anal. Chem., 28, 171 (1956).

3) T. Moriwaki, H. Katsuki, and S. Tanaka, Nippon Kagaku
Zasshi, 76, 1367 (1955).

4) F. A. Isherwood and R. M. Jones, Nature, 175, 419 (1955).

double spots on paper chromatograms of 2,4-dinitrophe-
nylhydrazones of some a-keto acids:*® pyruvic acid,®%
- oxo- f§,f-dimethyl-y- butyrolactone,” and phenylgly-
oxylic acid.®

Although separation of the isomers has been con-
veniently performed by the use of paper or thin layer
chromatography, preparation of a pure sample of the
isomer or its identification was difficult due to the iso-
merization of the hydrazone during its development or
elution in chromatography.®? The first large scale
separation of pure isomers has become feasible by the
combination of salting-out method?®9 with the isomeri-
zation treatment. Studies on the spectrographic pro-
perties and the isomerization with the pure hydrazone
isomers thus prepared resulted in the detection?® and
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determination®19 of some aliphatic a-keto acids which
are important intermediates in metabolism, irrespective
of the presence of geometrical isomers in their hydra-
zones.

This paper deals with the isomerization of 2,4-dinitro-
phenylhydrazone isomers of some aliphatic a-keto acids
and separation of both isomers.

Keto acids used are classified into two groups, A(I-
VI) and B(VII-IX). The hydrazones of keto acids in
group A gave ¢is and frans isomers. Cis and trans hy-
drazones are represented by notations ¢ and ¢, respecti-
vely, e.g. Ic, It. On the other hand, the presence of
the two isomers of the hydrazones in group B could not
be demonstrated and gave two different forms by re-
crystallization from different solvents. The hydrazones
of VII, for example, are represented by VILx and VIIy,
respectively.

R-CO-COOH
Group A
1 1I 111 v
R: H-, CH,;-, CH;CH,-, CH;CH,CH,-,
Y VI
CH,(CH,),CH,~, (CH,),CHCH,-
Group B
VII VIII IX

R: (CH,),CH-, CH,CH,(CH,)CH-, (CHj),C-

The assignment of the geometrical isomers based on
their infrared and visible spectra and other properties
was described in the preceeding paper.lV

Experimental

Preparation of Keto Acids. Most of the keto acids used
were synthesized by the condensation of fatty acid esters with
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diethyl oxalate, followed by hydrolysis with hydrochloric
acid.'® I, II, and IX were prepared by the methods of
Radin and Metzler,!® Haward and Fraser,' and Glucks-
mann,'® respectively.

Preparation of the Isomers and Forms of the Hydrazones. The
crude hydrazone of keto acid in group A obtained from
aqueous solution by the usual method was first mixed with
sufficient 1 N sodium carbonate to dissolve the #rans isomer.
After stirring the mixture for about half an hour, the insoluble
hydrazone was filtered off. The filtrate was cooled in an
ice bath. Hydrochloric acid (1 N) was then added dropwise
until the solution became slightly acidic. After standing it
for a few minutes, the precipitate was filtered and washed
several times with 0.2 N hydrochloric acid, then with cold
water. When necessary, especially in the case of higher
keto acid hydrazones, the separation procedure with sodium
carbonate was repeated. The hydrazone thus obtained was
dried in a vacuum desiccator. It was recrystallized from
acetone-benzene (1:3). Paper chromatography was ef-
fectively used to confirm complete purification.

The cis isomer of the hydrazone of keto acid in group
A was prepared by utilizing the isomerization treatment as
follows: The crude hydrazone was dissolved in ethyl acetate
saturated with 6 N hydrochloric acid. After being left to
stand at 10°C for 1 hr, 1 N sodium carbonate was added
and the mixture was agitated vigorously in a separatory
funnel. The resulting insoluble sodium salt of the ¢is isomer
was collected by filtration. The treatment of the filtrate
with sodium carbonate was repeated until insoluble hydrazone
no longer separated out. When necessary, the sodium salt
of ¢is hydrazone was dissolved in water and the salting-out
separation was repeated. The sodium salt of cis hydrazone
was washed with 1 N sodium carbonate until the color of the
filtrate became yellow and it was then suspended in a small
amount of cold water. Hydrochloric acid (1 N) was added
until the mixture became slightly acidic. The free cis hy-
drazone produced was immediately collected by filtration,

TABLE 1. ELEMEN TARY ANALYSES OF THE HYDRAZONES

Hydrazol’}es Formulae /—ﬁ/(%) /q’H (yi—‘\) /————’N (b—-—\%)

of keto acids Calcd Found Calcd Found Calcd Found
i C,H,O,N, 37.81 o 2.38 e 22.05 T
T C,H,O,N, 40.31 01 3.01 3o 20.89 e
B qmox.  ws  BR s 18 ww  BE
v C,,H,,0,N, 44.59 P 4.08 g 18.92 5.8
G C,,H,,0,N, 46.46 1650 4.58 g 18.06 8.2
v C,H,,0,N, 46.46 A 4.58 P 18.06 8.2
X}g C,H,,0,N, 44.59 P 4.08 o 18.92 5.0
W cmon s B2 am 1% mes B2
gg C,,H,,0,N, 46.46 o 4.58 480 18.06 1582

9) H. Katsuki, C. Kawano, T. Yoshida, H. Kanayuki, and S.
Tanaka, Anal. Biochem., 2, 433 (1961).

10) H. Katsuki, T. Yoshida, C. Kawano, and S. Tanaka, ibid.,
43, 349 (1971).

11) H. Katsuki, T. Yoshida, J. Nagai, and S. Tanaka, This
Bulletin, 44, 3108 (1971).

12) F. Adickes and G. Andresen, 4nn., 555, 41 (1943).

13) N. S. Radin and D. E. Metzler, “Biochemical Prepara-
tions,” Vol. 4, 1955, p. 60.

14) J. W. Haward and W. A. Fraser, “Organic Syntheses,”
Coll. Vol. 1, 1941, p. 475.

15) C. Glucksmann, Monatsh. Chem., 10, 770 (1889).



March, 1972]

washed and dried as described for the trans isomer in order
to prevent isomerization. Recrystallization was carried
out in exactly the same way as described for the frans isomer.

In the case of the hydrazone of keto acid in group B, the
two forms were obtained by the following method: crystals
of ¥ form were obtained by recrystallization of the crude
hydrazone from benzene and those of y form from 50%
aqueous ethanol.

The results of elementary analyses of the hydrazones ob-
tained are summarized in Table 1.

Each isomer as well as each form thus obtained contained
no impurities detectable by paper chromatographic analysis.?)
The c¢is isomers gave higher R, values than the corresponding
trans isomers in normal phase systems and vice versa in reversed
phase systems.

Isomerization of the Hydrazones. Determination of the
proportions of the two isomers of the hydrazones during
their formation was carried out as follows: One m! of 2,4-
dinitrophenylhydrazine reagent (2.5 g mol/m/ in 12~
hydrochloric acid) was added to 2 m/ of keto acid solution
containing 0.2 to 0.7 x mole of keto acid at 30°C. At varying
time intervals up to 1 hr, 7ml of 1.6 N sodium hydroxide
solution was added to an aliquot of the mixture to stop the
reaction. The red color produced upon addition of alkali
was measured at two different wave lengths (W, and W,)
after allowing the solution to stand for 10 min at room tem-
perature. W, is the wavelength at which two curves re-
presenting the absorption spectra of the hydrazone isomers
in alkali intersect each other. Thus both isomers show the
same absorption coefficient. W, is the wavelength at which
the difference of the two curves is the largest. If the measured
absorbances at W, and W, are represented as 4, and 4,,
respectively, 4; or A4, is equal to the sum of the absorbance
due to each isomer of hydrazones formed and the one due to
the remaining hydrazine reagent. Thus the following two
equations are derived:

A, = ky(m+n) + {;(2.5—m—n)
Ay = kygom + kyyon + 1,(2.5—m—n)

where m and n represent the amounts of c¢is and #rans hy-
drazones (u moles), respectively, and &, and /; represent the
absorbances of 1 4 mole of ¢is and irans hydrazones and of
the hydrazine reagent at W, under these conditions, re-
spectively. Similarly, k,,, k,;, and [, represent the absorbances
of 1 2 mole of the cis and trans hydrazones and of the hydrazine
reagent at W,, respectively. The wavelengths, W, and W,,
and the specific absorption coefficients of the hydrazones
in group A and of the hydrazine, viz., ky, [, kyp, kyy, and I,
are summarized in Table 2.

Experiments on the isomerization of hydrazones in organic
solvent containing hydrochloric acid were carried out as

TABLE 2. ABSORPTION COEFFICIENT OF THE
HYDRAZONES AND THE HYDRAZINE

Hydra-

dketo Wi B L Wo ke Ry
aicds

my my

I 406 1.12 0.088 460 0.40 2.60 0.017
II 417 1.54 0.068 470 1.00 1.68 0.013
III 416 1.59 0.070 470 1.22 1.63 0.013
IV 422 1.68 0.059 470 1.26 1.63 0.013
V 420 1.65 0.060 470 1.25 1.65 0.013
VI 420 1.67 0.060 470 1.25 1.68 0.013
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follows: A definite amount of hydrazone (0.3 to 0.6 z mole)
was dissolved in 1 m/ of organic solvent and to this solution
was added 4 m/ of the same organic solvent saturated with
6 N hydrochloric acid. The solution was kept at 30°C for
various periods of time. A few drops of concd. aqueous
ammonia were then added to neutralize the solution and
stop the isomerization reaction. The organic solvent was
evaporated in vacuo and the residual hydrazone was dissolved
in 5ml of 0.1 N sodium hydrogen carbonate. Five m/ of
2.0 N sodium hydroxide was added and the absorbances at
W, and W, were determined as described above. In this
case, /; and [, in the equations were negligible because no
excess reagent was present. The interference due to the
decomposition products from the hydrazone was also negligi-
ble under these conditions.

The method for determination of the hydrazone isomers
of T and II in ethyl acetate, ethyl ether and isopropyl ether
was modified in the following way: After a few drops of
aqueous ammonia were added to stop the reaction, 5 m/
of petroleum ether and 2 m!/ of 0.1 N sodium hydrogen car-
bonate were added. By shaking the mixture in a separatory
funnel, the hydrazones were transferred completely from
the upper to the lower layer, and were determined spectro-
photometrically by the method described above.

Solubility in Aqueous Sodium Carbonate. An excess amount
of the hydrazone was shaken thoroughly with 1ml of I N
sodium carbonate for 1 hr at 25°C or 0°C, to let the hydrazone
remain undissolved in the solution. The concentration of
the hydrazone in the saturated solution was determined
spectrophotometrically.

Partition  between  ethyl acetate and 0.1 N sodium carbonate.
The hydrazone was dissolved in 2 m/ of 0.1 N sodium car-
bonate containing 0.01 N sodium hydrogen carbonate. The
hydrazone in the solution was then extracted with 10 m/ of
ethyl acetate and the amount of residual hydrazone in the
lower layer was determined spectrophotometrically.

Rusults and Discussion

Isomerization during Hydrazone Formation. The
proportion of cis to trans isomer during the course of
hydrazone formation in dilute hydrochloric acid upon
addition of the hydrazine reagent was determined. In
the case of II, completion of hydrazone formation re-
quired 5 min at 30°C. The proportion of cis to trans
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Fig. 1. Proportions of the c¢is and trans isomers during the
formation of the hydrazone of II.

O, cis isomer; @, trans isomer; X, total hydrazone
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isomer was found to vary depending upon experimental
conditions. After the reaction for 1 min, about 23%, of
the hydrazone was present as the cis isomer. However,
the cis isomer once produced was gradually converted
into the trans isomer during further reaction by the
action of hydrogen ions. The fraction of the cis isomer
at equilibrium was negligible as shown in Fig. 1.

The reaction of I with hydrazine was rapid as in the
case of II, but the other keto acids (IIT-VI) required
10—20 min for the completion of the reaction. The
fraction of ¢is isomer in isomeric mixture after attainment
of equilibrium in the hydrazone formation was as fol-
lows: I, negligibly small; I1I, 62%,; IV, 509%,;V, 819%,;
VI, less than 59,. Unlike the case of II, the fraction
of ¢is isomer in V after 1-min reaction was 719, and
increased to 819, at equilibrium state.

Although isomerization of the hydrazone in dilute
hydrochloric acid in the absence of the hydrazine re-
agent occurred in a similar manner to that in the pre-
sence of the hydrazine reagent, hydrolysis of the hy-
drazone took place to a considerable extent. In the
case of I, decomposition by hydrolysis after 30 min was
more than 28%,. The proportions of the two isomers at
equilibrium were similar to those in the presence of
the reagent.

The fact that one isomer is separated from the hy-
drazones of keto acids in group B, together with the
above results, indicate various differences in the relative
stabilities of both isomers of the hydrazones of keto acids.
It might be said that, in general, the frans isomer is
more stable than the c¢is isomer for lower keto acids,
and vice versa for higher keto acids.

Isomerization in Organic Solvents. The hydrazones
are stable in pure organic solvents unless exposed to
strong light. However, in organic solvents containing
hydrogen ions isomerization took place. Table 3 shows
the isomerization of the hydrazones in ethyl acetate
containing hydrogen ions. The fractions of cis isomers
in an equilibrium mixture showed high values except
for VI. The values in ethyl acetate were larger than the
corresponding values in aqueous solution without excep-
tion.

The proportions of the two isomers at equilibrium also
varied depending upon the nature of the organic
solvent. The isomerization of the hydrazones of 1I at
10°C in several organic solvents containing hydrogen
ions was investigated. The fractions of cis isomers in

TABLE 3. ISOMERIZATION OF THE HYDRAZONES IN
ETHYL ACETATE CONTAINING HYDROGEN IONS

Hydrazones Time g'IYdrazona ) Cis is_ome'r in
of keto acids  (min) ¢CCOfPPOSed  Isomeric mixture
(%) (%)
I 20 — 71
60 — 72
I 20 8.2 64
60 8.6 63
20 — 82
III a0 — 82
20 2.4 86
v 60 2.5 88
20 1.2 <5
VI 60 1.2 31
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isomeric mixture at equilibrium were as follows: 149,
in isopropyl ether, 239, in ethyl ether, 589, in acetone,
44%, in ethanol and 569, in 509, aqueous ethanol.
The decomposition of the hydrazone of IT was much less
(less than 7.5%,) in isopropyl ether, ethyl ether and
ethyl acetate than in acetone, ethanol, and aqueous
ethanol. In the latter, it reached 25—55%,.

Preparation of the Isomers. For the preparation
of trans isomer, hydrazones of the keto acids in group
A were conveniently prepared by the usual method.
The hydrazine reagent dissolved in dilute hydrochloric
acid was added to the aqueous solution of keto acid and
the mixture was left standing for 1 hr to convert the cis
hydrazone into the trans hydrazone as completely as
possible.  The crude hydrazones thus obtained con-
tained more frans isomer than in those obtained from
organic solvent as is shown in Table 3. The separation
of the frans isomer from the cis isomer was carried out
based on the fact that the cis isomer is scarcely soluble
in a concentrated sodium carbonate solution.

The difference in solubilities of the two isomers in

TABLE 4. SOLUBILITIES OF THE HYDRAZONES
IN IN SODIUM CARBONATE

Solubilities (mmol/m{)

Hydrazones

of keto acids 0°C 95°C
It 434
Ice® 0.12
I 78
ILe® 0.03
II1: 3.92 6.83
IIIc 0.01 0.07
Ive 1.50
IVe 0.18
Vi 5.11
Ve 0.28
VI 60.9
VIe® 0.18
VIIx,y 0.28
VIIIx,y 0.53
IXx,y 0.27

a ) Solubilities of these hydrazones were measured at 0°C
instead of 25°C for economical reasons.

TABLE 5. PARTITION OF THE HYDRAZONES BETWEEN
ETHYL ACETATE AND 0.1N SODIUM CARBONATE

Amounts of hydrazones

Hydrazones in 0.In Na,CO,

of keto acids

trans isomer  cis isomer
(%) (%)
I 100 66
II 98 59
111 82 26
v 69 18
\% 49 8
VI 67 68
x form (%) . form (%)
VII 22 22
VIII 13 13
IX 22 22




March, 1972]

IN sodium carbonate varied considerably depending
upon the kinds of keto acids as can be seen in Table 4.
The difference was the largest in the case of I and gra-
dually decreased as the number of carbon atoms of the
keto acid molecule increased, though VI showed an
unexpectedly large difference. Separation of the iso-
mers from each other was thus more difficult in the
case of the hydrazones of higher keto acids as compared
to those of I and II. The hydrazones of keto acids in
group B were found to be scarcely soluble in sodium
carbonate solution in a similar way to the ¢is hydrazones
in group A.

The difference in behavior of the two isomers in the
salting-out is also seen in the partition of each isomer
from ethyl acetate and sodium carbonate solution.
Table 5 shows the amount of the hydrazone remaining
in sodium carbonate solution when the hydrazone was
extracted with ethyl acetate from sodium carbonate
solution. Thus we see that the cis isomer is more
easily extracted into ethyl acetate than the trans isomer,
with the exception of VI, where the two isomers showed
nearly the same value. A considerable portion of the
hydrazones in group B showed the values of the same
order of magnitude as those of ¢is isomers in group A.
Since each hydrazone shows a characteristic value
varying greatly in magnitude, measurement of the
value is useful for the characterization of the hydrazone.

For the purpose of isolation of the cis isomer, isomeri-
zation treatment was carried out before the separation
procedure by salting-out in order to increase the fraction
of the ¢is isomer in the mixture. (For the details of the
separation method of both isomers (group A), see
Experimental).

Although, in general, the existence of cis and trans
isomers is feasible in 2,4-dinitrophenylhydrazones of
most unsymmetrical carbonyl compounds, a-keto acids
can form highly stable hydrazone derivatives of cis
form.3:18)  Curious behavior of the cis isomers in salting-
out, solubility in sodium carbonate solution and in
partition between ethyl acetate and 0.1 N sodium car-
bonate is due to their characteristic structures. Thus,
the separation method described above is applicable
only to the isomers of a-keto acid hydrazones.

Failure of isolation of the two isomers from keto acid
hydrazones in group B indicates the instability of one
isomer under the usual conditions. So far the behavior
of the hydrazones seems to be concerned with keto

acids with such structure as 1%>CHCOCOOH or

R
R’ >CCOCOOH.
RII

Isomerization during Melting Point Determination.
When a bath with melting point apparatus was heated
gradually in the usual manner, some hydrazones did not
show sharp melting points. Some pairs of the isomers
showed no appreciable difference in their melting points
when heated by the usual technique. However, when
a capillary containing a sample was steeped into a bath

16) H. Katsuki, K. Sumizu, T. Moriwaki, S. Tanaka, and I.
Hayashi, Nature, 181, 639 (1958).
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TABLE 6. MELTING POINTS OF THE HYDRAZONES
Mp (Corrected)

Hydrazones given in
of keto acids . . . literature
cis isomer trans isomer
I 182.5—183.5 205.5 203"
II 210—211 217—218.5 216'®

170—171
111 202—202.5 (202—202.5) 19819
129—130
v 166.5—167.5 (166—168) 167*®
v 156—157 120 153'%
VI 177—178 145.5—146.5 1621%
x form y form
VII 187.5—188 196—196.5 1961
VIII 169—170 170—171 16920
IX 172.5—173.5 177—178 180'%

a ) The values in parentheses show melting points meas-
ured by the usual method.

preheated up to a temperature a few degrees below
melting point by the usual procedure, sudden melting
was often observed in one of the isomers. In such a
case, the procedure was repeated in the above mentioned
manner, lowering the temperature of the bath by a few
degrees each time until the hydrazone did not melt
any more. The melting point thus obtained was
regarded as the true melting point of the hydrazone.
On the other hand, no depression of the melting point
was observed on the other isomer even by this method.
In Table 6 shown are the melting pontis of the isomers
of the hydrazones obtained by this method. The values
by the conventional technique are also given when a
difference was observed between the two measurements.
Trans isomers of I and II showed higher melting points
than their corresponding cis isomers, whereas cis isomers
higher melting points than their corresponding trans
isomers. Such a remarkable difference between the
melting points of the isomers measured by the two
methods suggests the possibility of isomerization of one
isomer to the other during heating process. In fact,
occurrence of isomerization could be demonstrated by
subjecting the hydrazone to paper chromatography
after it was kept for some time at certain temperature
between the two melting points.

It is noticeable that the relative stabilities of both
isomers, when their crystals are being heated, seem to
accord with those in solution.

Although the two forms of hydrazones of keto acids
in group B showed different melting points, they were
not affected by the manner in which measurement was
made. No isomerization was observed during the heat-
ing process.
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