CHEMISTRY LETTERS, pp. 725-728, 1990.

N,N'-Bis(8-quinolyl)glutaramide as a Highly Selective and Effective
Cu(II) Carrier for the Uphill Transport through Liquid Membranes

Kazuhisa HIRATANI* and Kazuhiro TAGUCHI
Industrial Products Research Institute, Higashi, Tsukuba, Ibaraki 305

N,N'-Bis(8-quinolyl)glutaramide was found to be an
excellent Cu(II) «carrier through chloroform 1liquid
membrane. It can selectively and efficiently transport
only Cu(II) from agqueous solution containing Cu(II),

zn(II), Ni(II), and Co(II).

Carrier-mediated continuous solvent extraction, i.e., transport
through liquid membranes, of metal ions is not only an attractive method
for the separation and recovery of valuable resources,l) but also of
importance from the biological, medical, and environmental points of view.
Although many carriers on the transport of alkali and alkaline earth metal
ions through 1liquid membranes have been reported so far,z) only a few
synthetic carriers for the highly selective and effective uphill-transport
of heavy metal ions have been developed.3'6)

We report here on very selective and efficient Cu(II) transport
behaviors of N,N'-bis(8-quinolyl)glutaramide(1) through liquid membranes.
It has been so far well known that commercially available 7-alkyl-8-
quinolinol(Kelex 100)(6) can work not only as an excellent Cu(II) selective
extractant in the solvent extraction, but also as a Cu(II) selective
carrier in the transport through liquid membranes.7) Then, the transport
ability of 1 was investigated comparing with that of 6. Diamide 1 was
obtained in high yield from the reaction of glutaryl dichloride with 8-
aminoquinoline in the presence of triethylamine in benzene. In a similar
manner, diamides, 2 - 5, were also prepared to investigate the structural

effect on the Cu(II) transport.g)
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The transport experiments were carried out by using a U-type glass
cell across chloroform liquid membrane from the buffered aqueous source
phase containing either a single heavy metal ion or plural ions of Cu(II),
Ni(II), Co(II), and 2Zn(II) to the receiving phase containing 0.05 M(= mol
dm_3) sulfuric acid. The buffered agqueous source phase was adjusted to pH
6.2. The cell was kept at 25 + 0.2 °C and the each phase was mechanically
agitated at 200 rpm.9) Table 1 shows the results of Cu(II) transport after

2 days along with the transport conditions.

Table 1. Amount of Cu(II) Transport through CHCl; Phase after 2 Daysa)

Carrier Cu(II) transported in Cu(II) remaining in Cu(II) existing

the receiving phase,$% the source phase,$% in chloroform,%b)
1 63 25 2
2 0.2 94 6
3 29 63 1
4 6 93 1
5 2 97 1
6°) 34 ~0 66

a) Initial transport conditions(25 °C): (source phase) 10 mM Cu(OAc),, pH
6.2, 15 ml/(liquid membrane) carrier(0.3 mmol for 1 - 5 or 0.6 mmol for
6) in 30 ml of chloroform/(receiving phase) 0.05 M sulfuric acid 15 ml.

b) The values were calculated from Cu(II) amounts measured both in the
receiving and the source phases.

c) Two equimolar amounts of 6 compared with others was used because 6 was

a bidentate ligand.

In Table 1, glutaramide derivative(l) has apparently the most
excellent Cu(II) transport ability among these carriers and can transport
Cu(II) against its concentration gradient(see Fig. 1). The ability of the
Cu(II) transport decreases in the following order: 1 > 6 > 3 >> 4 > 5 > 2.
The transport ability clearly depends on the structures of diamides. It
should be noticed here that 1 is superior to 6 in the Cu(II) transport
under the same conditions, and 5 having 2-mehtyl group on the gquinoline
ring is considerably inferior to 1. In the latter case it can be considered
that two methyl groups interfere with the formation of the stable Cu(II)
complex. Although malonamide 2 can extract Cu(II) with excellent
selectivity as recently reported,lo) it has little ability of Cu(II)
transport through liquid membranes because 2 forms stable 1 : 1 complex
with Cu(II). Succinamide 3 seems to be a fairly good carrier, but it is
soluble to some extent in the acidic receiving phase, and then it is not

appropriate as a carrier in the liquid membrane transport.
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Figure 1 shows the time-dependence 100
of the Cu(II) amount of transport by
amides, 1 and 6. Initial transport ..
rate of 6 seems comparable to that of :: 1
1. However, the Cu(II) amount of trans- %; é
port by 1 increases almost linearly t 50 '
almost linearly even after 2 days, © K .
whereas the rate of transport by 6 % E .- o
decreases with the time. 1In addition, & 3 Of%y
the decreasing rate of Cu(II) in the q' D,
source phase by 6 is remarkably rapid !
compared with that by 1. The curve of Y VI 4 . L
the decreasing amount with time by 1 in 0 ! 2 3 bt
the source phase is symmetrical about Fig. 1. Time dependence of
the line corresponding to the Cu(II) transport through CHClj
increasing amount with time in the membrane; transport conditions
receiving phase, whereas Cu(II) amount see in Table 1. 1 : ~—O—o
in the source phase decreases very (Receiving phase) and —@——
rapidly by 6 and becomes nearly 0% (Source phase), 6 : —O——
after 1 day. Then, a large portion of (Receiving phase) and —¢——
Cu(II) exists in chloroform phase and (Source phase).
Cu(II) there is slowly released to the
receiving phase(see in Table 1). This is supported by the observation
that the color in chloroform containing 6 changes rapidly from
colorless to yellowish brown and the color does not change

during the transport experiment, while that containing 1 becomes only pale
vellow during it. Furthermore, the single ion-transport of Ni(II),
Co(II), and zZn(II) by 1 was attempted under the same conditions, but none
of them could be transported at all, It should be noted in Fig. 1 that
the amount of Cu(II) transported by 1 in the receiving phase after 1.5
days is apparently much more than that remained in the source phase and
yet continues to increase even after 1.5 days. This fact means that 1
can work as a highly selective and effective Cu(II) carrier for
the uphill transport through liquid membranes.

Next, in the competitive transport of Cu(II), Ni(II), Co(II), and
Zn(II) by ljand 6 from the source phase (pH 6.2) containing 10 mM of each
metal ion, 0.3 mmol of glutaramide(l) in 30 ml of CHCl; transported only
54% of Cu(II) after 2 days under the same conditions described above,
while 0.6 mmol of Kelex 100(6) in 30 ml of CHCl1l transported not only 20%
of Cu(II) but also 34% of Zn(II), and a small amount of Ni(II)(<1%) and
negligible amount of Co(II)(x0%). Additionally, 1 transported only Cu(II)

more than 90% after 2 days even from the solution containing a mixture of
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1 mM of Cu(II) and 10 mM of each of Ni(II), Co(II), and Zn(II).

In conclusion, it is elucidated that glutaramide 1 can transport
Cu(II) with high selectivity and efficiency through liquid membranes from
the source phase in the range of nearly neutral pH to the acidic receiving
phase, and the uphill transport of Cu(II) with 1 can be easily realized by
keeping the pH difference between the source phase and the receiving one.
This compound could be a potential candidate as a carrier to be applied

for the practical use of Cu(II)-separation.

References

1) Yu.A. Ovchinnikov, V.T. Ivanov, and A.M. Shkrob, "Membrane-Active
Complexones," Elsevier, Amsterdam(1974).

2) "Host-Guest Complex Chemistry, I, II, and III," ed by F. Vogtle and E.
Weber, Springer-Verlag, Berlin(1981(I), 1982(II), and 1984(III)).

3) R.W. Baker, M.E. Tuttle, D.J. Kelly, and H.K. Lonsdale, J. Membr. Sci.,
2, 213(1977).

4) K. Maruyama, H. Tsukube, and T. Araki, J. Chem. Soc., Dalton Trans.,
1981, 1486.

5) N. Kishi, K. Araki, and S. Shiraishi, J. Chem. Soc., Dalton Trans.,
1985, 373.

6) E. Kimura, C.A. Dalimunte, A. Yamashita, and R. Machida, J. Chem. Soc.,
Chem. Commun., 1985, 1041.

7) "Liquid Membranes," ed by R.D. Noble and J.D. Way, ACS Symposium
Series 347, Am. Chem. Soc., Washington, D.C.(1987).

8) 1: Yield 82%, Mp 147 - 148 °C, Precise Mass, Found 384.159, Calcd
384.159 for Cy3HyoN40,; 2: see Ref. 13; 3: Y. 58%, Mp 216 - 217 °c,
Precise Mass, Found 370.142, Calcd 370.143 for C,,HigN405; 4: Y. 75%,
Mp 185 - 186 °C, Precise Mass, Found 398.167, Calcd 398.174 for Cy,Hjy,
N4Oy; 5: Y. 62%, Mp 127 - 129 °C, Precise Mass, Found 412.192, Calcd
412.190 for CygHyyN405.

9) K. Hiratani, I. Nozawa, T. Nakagawa, and S. Yamada, J. Membr. Sci., 12,
207(1982).

10) K. Hiratani, K. Taguchi, K. Ohashi, and H. Nakayama, Chem. Lett., 1989,
2073.

~

( Received February 1, 1990 )



