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Protonated amino acids were extracted with crown ether and Metanil Yellow anion into 1,2-dichloroethane.
The overall extraction constants (K,y) for the 1:1:1 complex, AHLIn, of 18-crown-6 (L) with protonated amino
acid (AH*), and the Metanil Yellow anion (In~) between 1,2-dichloroethane and water have been determined
at 25.0 °C. The values of the extraction constants (log K.yz) were found to be 5.2, 6.2, 6.4, 6.3, 5.5, 6.2, and 5.5
for L-x-alanine, r-valine, r-leucine, L-phenylalanine, f-alanine, L-lysine, and aspartic acid respectively at 25.0
°C. The dependence of the varieties of crown ether on the extractability of r-leucine has been investigated.
The highest extractability was obtained when water-soluble crown ether was used.

The solvent extraction of cationic metal ions with
crown ether (L) has been widely carried out,? the
results indicate the dependence of the extractability
on the cavity size of crown ether. Very few studies
of the solvent extraction of organic species with crown
ether have, however, been done. This work has been
carried out in order to study the extraction of some
organic species, amino acids, with crown ether. It
is well known that the ammonium ion and protonated
amine make a relatively stable complex with crown
ether. A small difference in stability constant be-
tween primary and secondary amine complexes with
crown ether has been observed.® The present authors
have previously indicated that the selectivity of crown
ether for various type of amines can be improved
by using the solvent-extraction method.Y) Most amino
acids include the —NH, group, its protonated form
being able to complex with crown ether.

Therefore, the solvent extraction of amino acids (A)
with crown ether as Metanil Yellow salt (AH*+LIn")
has been attempted in this work. Metanil Yellow
(In—) was selected as the counter anion because of
its larger dissociation constant and because it has its
absorption in the visible region for spectrophotometric
analysis.

Experimental

Reagents. 18-Crown-6 was synthesized by Gokel’s
method® and recrystallized twice from acetonitrile. The
acetonitrile was removed under a high vacuum (0.5 mmHgt)
over a 5-h period. Crown ether shows no significant hy-
droxyl or cyano vibration in the 3500 and 2000 cm-! in-
frared region. “Dibenzo-18-crown-6” was synthesized by
the method of Pedersen® and recrystallized from benzene.
The polyether thus obtained showed a melting point and
an infrared spectrum identical with those of an authentic
sample. “Dicyclohexyl-18-crown-6 and the other crown
ethers were obtained from the Nisso Co. and were used
without further purification. The 1,2-dichloroethane and
other reagents were of an analytical or special grade, and
were used without purification.

Extraction Procedures. A typical extraction procedure
was as follows: 25 ml of an aqueous solution containing
4x10-4M (1 M=1 mol/dm3) r-leucine and 6x 10-5—2.4 x
10-*M Metanil Yellow was shaken with 10 ml of 1,2-di-
chloroethane containing 2X 10-3—1.6 X 102 M crown ether
when 18-crown-6 was used. After equilibrium had been
reached, the absorbance in the organic phase was measured

T I'mmHg=~133.322 Pa.

at 404 nm with a Hitachi 124 spectrophotometer in a 10 mm
cell.

HIn, HLIn, and AHLIn contribute to the absorbance
in the organic phase at 404 nm. HIn, however, did not
show the absorbance in the pH range from 2 to 4. There-
fore, the absorbance of AHLIn can be corrected by the
blank test, which is related to that of HLIn. The constant
pH value of 2.8+0.1 was selected in order to produce a
precipitate at the phase boundary in the pH range lower
than 2.

Results and Discussion

When a protonated amino acid (AH*) forms a
complex with a crown ether, the complex can be
extracted as an ion-pair with a large anion (In-);
the distribution ratio of amino acid, D, in the pH
range 2—4 can be written as:

[AHLIn]og )
[A]+[AHH] °

Here, K, is the overall extraction constant for the
complex:

D =

[AHLIn] oy, -
[AH*][L]org[In-] *
Combining these two equations gives the following
equation:

D = Kue[Lorgl17)( 1 +[H—K]) )

where K is the dissociation constant of protonated
amino acid.

Under the condition of a constant pH, the distri-
bution ratio as a function of the concentration of
the crown ether in the organic phase at 25.0 °C showed
a straight line with a slope of 1, while that as a function
of the Metanil Yellow also showed a straight line
with a slope of 1, as is shown in Figs. 1 and 2. These
results show that the 1,2-dichloroethane extracts is
a 1:1:1 complex composed of crown ether, amino
acid, and Metanil Yellow. From Figs. 1 and 2, the
values of log K, are found to be 5.2, 6.2, 6.4, 6.3,
5.5, 6.2, and 5.5 for L-x-alanine, rL-valine, L-leucine,
L-phenylalanine, B-alanine, wrL-lysine, and wL-aspartic
acid respectively at 25.0°C. As was seen in the
previous paper,? the value of K,, depends greatly
on the number of hydrogen atoms available for
hydrogen bonding with crown ether. In this case,
the difference in K, is very small, because all of the
amino acids investigated have the same number

Kex =
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Fig. 1. Plots of log D [In~—]-* (14 K/[H*]) vs. log [L]org
for amino acids at 25.0 °C.
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Fig. 2. Plots of log D [L];% (1+K/[H*]) vs. log [In-]
for amino acids at 25.0 °C.

of hydrogen atoms, —-NHj. The small difference
in K,; may be due to the effect of the size of the
amino acids, which was also shown in the previous
paper.¥

The dependence of the varieties of crown ether
on the extractability of amino acid, r-leucine, was
also investigated. The extractability of r-leucine de-
creased in the following order: 18-crown-6>*dicyclo-
hexyl-18-crown-6"’> “dibenzo-18-crown-6".

18-Crown-6, which is very soluble in water, gives
rise to the most enhanced extractability, indicating
that extractability is increased with an increase in
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TABLE 1. EXTRACTION CONSTANTS AND RELATED
VALUES OF L-LEUCINE AT 25 °C

log Koy Ka,1  Kganpvm/Kanvm®
18-Crown-6 6.4 1.1 2.8x108
“Dicyclohexyl-
18-crown-6" 6.1 760 9.6x 108
“Dibenzo-18-crown-6" 4.5 3200 1.0x108

a) Values calculated from K, and K, using Eq. 4.

the solubility of crown ether in water when the ring
size of crown ether is the same.

The overall extraction constant could be written
as follows:

Kex — Kd,AH;{I:IfAHLIn , (4)

where Ky y=[L]yg/[L], Ky sz, ta=[AHL In],,o/[AHL-
In], and K,y ;,=[AHLIn]/[AH*][L][In"]. The
overall extraction constants (25.0 °C)Yobtained Tare
shown in Table 1.

Table 1 also shows the values of K, ;, and K, suy 1o
K 51, 10 Which were calculated from the {valuesYof K,
and K, .

Equation 4 shows that the trend for K, reflects
K, 4y 1o and the distribution coefficients of the AHLIn
and L species. It is well known that the hydrophobic
species are extracted more easily than the hydrophilic
species. The values of Ky sny, 1n Kapr 1a increase;with
an increase in the hydrophobic nature of crown ether,
which may reflect the extractability of the compound,
AHLIn. However, the effect of K, ; on the extract-
ability is much greater than that of the last term in
Table 1.

The extraction of r-leucine with crown ether hav-
ing a bigger pore size than 18-crown-6 was also
investigated. The same trend of extractability was
obtained: “dicyclohexyl-24-crown-8">“dibenzo-24-
crown-8”. The extractability of r-leucine with the
18-membered crown ethers is much greater than with
the 24-membered.

Thus, the distribution coefficient of the crown ether,
K, . in Eq. 4 is the most important factor in deter-
mining the magnitude of K, for amino acid. Thus,
a soluble crown ether in water, such as 18-crown-6,
may be considered a promising reagent for the sepa-
ration and extraction of amino acids.
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