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Abstract

The alkylaminomethylated calix[4]resorcinarene derivatives, modified by dimethylamino-, piperidyl- and trimethylam-
monium moieties, have been synthesised to investigate their extractability towards lanthanide ions and to compare with
the extractability of calix[4]resorcinarene. Both calix[4]resorcinarene and its derivatives have been shown to syner-
gistically affect lanthanide ion extraction from neutral aqueous solutions by 1,10-phenanthroline through outer-sphere
interaction of lanthanide bis-phenanthrolinate cations with deprotonated forms of calix[4]resorcinarene. The derivatives
with dimethylamino- and piperidylmethylated moieties are shown to be more effective extractants in comparison with the
unsubstituted one.

Introduction ide’s atomic number and how the presence of —N{}3H
—NGsH10 and —N(Cl-g)gr groups on the “host’s rim” affects
The similarity of the lanthanides complexing ability is thdhe lanthanide’s extraction.
reason for further research on new extracting agents be-
ing selective in the lanthanide series. Most of the extrac-
tants, including calix[n]arenes, coordinate lanthanide ions
through polycentre inner-sphere coordination. Functional-
ization of calix[n]arenes with carboxy or amide groups
resulted in the growth of their extractability and selectiv-
ity in the lanthanide series [1-3]. Calix[4]resorcinarene’s
“rim” is too large for such encapsulation of the metal ion,
hence their acting as “hosts” for bulky cations [4]. Func-

tionalization of calix[4]resorcinarenes with amide or car- R
tbhar.noyI{:)hotspbhll_r:etomdedgljro;Jhps Igads to ;h% a_p;;;earancq_%]‘_: R =CyiHo3 R =H
eir extractability toward lanthanide ions [5, 6]. epreserp_]sx: R = CoH1o, R = CHoN(CHa)» 0

report shows that calix[4]resorcinarene’s extractability can - -
be also increased by the addition of bidentate nitroge A FF;__ CoPluo, R/: CHZCiHloN - )
>~ . . 8Y: R=CgH1g, R' = CHoNT(CHg)sl

containing heterocycles. So, the main goal of this work Is
to study the extraction of various lanthanides by nonsub-
stituted calix[4]resorcinarene and its alkylaminomethylated |
derivatives in the presence of 1,10-phenanthroline. Experimental

HgsL with R = CiiHpz in the presence of 1,10- )
phenanthroline has been proved [7] to extract La(lll) fromn€ extraction of La(lll) from water ta-heptanol has
water to n-heptanol media, while neithergh nor 1,10- been carried out by &L, HgX (I, Il) and HY. The com-
phenanthroline alone extracts La(lll) under the same cdpRund KL was synthesised according to the procedure [8],
centration conditions. So, it is rather interesting to invest?® compounds gX(l, I1) were synthesised as described

igate whether the extraction extent depend on the lanthdf-[9]- The synthesis of glY: methyl iodide (0.075 mL)
was added to the solution of tetra(dimethylaminomethyl)-

* Author for correspondence. E-mail: lubov@iopc.ken.ru calix[4]resorcinarene in 10 mL of DMF. The reaction mix-
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ture was stirred at 120C for 20 h. The resulting pre- dependence on pH (equation (1)) is linear with n = 3 for La
cipitate was separated, washed with cool methanol aadd Pr (Figure 1a, b).
dried. Brown crystals mp 151-15&; yield (80%), NMR
IH (ppm) in CDCB, 8.54 (8H s, OH), 8.03 (4H s, CH B =log q -n pH + log([phenf/[HsL]), 1)
aryl), 7.35 (H, DMF), 4.35 (4H, CH ring), 2.94, 2.8, . ) ) )
2.68 (50H m, CHN, CHsN), 2.17 (3H s, CHI), 1.26 where 8 is a constant of extraction, n is the quantity of
(64H m, CH ring), 0.88 (12H t, CH ring); found for Protons deprotonated. The log g/pH dependence for Lu and
CgoH1364N40Og-CHsl-(CH3)2NCHO: C, 47.23, H, 7.31, N Yb is divided into two linear regions with-values of 1 and
3.80; calc.: C, 47.56, H, 7.00, N, 3.26. The extraction o (Figure 1c,d). Thus, the extraction of Yb and Lu can be
Pr, Ho, Yb and Lu was also investigated for botgLHand proposed to occur through two §teps With dissocia_tion of
HsX(1). one and two protons. The graphlc_solgno_n of equation (1)
The extraction procedure was as follows: 5 mL af-a for La and Pr resulted in = 3, possibly indicating that the
heptanol solution of BL or HgX (4 x 10~4 mol-dm~3) and extraction of La and Pr occurs in one gtep with dissociation
phen (4x 10~4 mol-dm~3) were mixed in various quant- of three protons from kL. The extraction scheme for all

ities of KOH at constant stirring. Then an equal volumi@ns investigated may be written as Equation (2):
of aqueous LnGl solution (4x 10~* mol-dm~3) was ad-
ded. The two-phase system was stirred for 60 minutes at 80 Ln®*+2phen + HL

+ 0.5°C. After phase separation, the concentration of the =[Ln(pheny]>" [HsL]3~ + 3HT. (2)
metal ion in the aqueous phase was monitored by the follow- ) . ) _

ing procedure: the aqueous phase (0.2 mL) was placed iff B¢ interaction of La(lll) bis-phenanthrolinate with4H >
5-mL volumetric flask together with 0.6 mL of Xylenol Or-can be proposed to be the main driving force of the La(lll)
ange (0.001 metim—3) agueous solution in 0.01 mdm—3 extraction. The ext_ractlon of La(lll) bls-phenanthrolmate
HCI. The pH of the solution was adjusted to 6.0 usingfm aqueous solutions byraheptanol solution of gL at
CH3COOH and NaOH (0.01 maim~2 each) solutions [10]. the same pH-conditions through adding alkali to the organic
The concentration of the metal ion in the aqueous phase wWAse by the same quantities of alkali is confirmation of the
determined spectrophotometrically ahax = 570 nm us- LLN(Phen}]** outer-sphere interaction with ] %~

ing a Specord UV-VIS spectrometer. The error in extraction

extent (E) determination is less than 5%. The acidity of thEne extraction by functionalized calix[4]resorcinarenes

agueous phase was measured by a pH-meter with an accur-

acy of 0.05 pH-unit. All pH-metric and spectrophotometrid "€ Presence of dimethyl- and piperidyl moieties on the up-
determinations were conducted at 25-0.5°C. per “rim” may be proposed to affect the lanthanide extraction

The extraction of La(phes)Clz [11] was carried out us- through realization of additional coordination bonds with
ing an-heptanol solution of kL (4 x 10~4 mol-dm~3) with a lanthanide ions. It is evident from the pH-metric data, that
concentration ratio [La(phesiCls : HsL = 1: 1. The change HgX is protonated in neutral and acidic solutions, but disso-
of [La(phen}]Cls concentration in the aqueous solutior’?iat_es in alkaline water-alcohol solutions [12]. According to
through extraction was determined according to the saffelr UV-spectra (the detectable shoulder at 350 nm) dial-
procedure as for LnGl The aqueous solutions were madgylam|no.rnet.hylated derivatives of callx[4]re§or0|nareng,
from bidistilled water. Ther-heptanol of commercial grade 18X, maintain deprotonated centres on the “rim” even in
was purified by distillation in vacuum. Xylenol Orangenemral water-isopropanol solutions due to intramolecular

LaClg-7H,0, Pr(NQ)-6H20, HoCk-6H,0, YbCls-6H,0 proton transfer from hydroxy- to dialkylamino-groups [12].
and LuCh-6H,0 were of analytical grade purity. HgX itself also does not extract lanthanides. The extrac-

tion by HgX in the presence of 1,10-phenanthroline occurs
under the same concentration conditions (molar ratio of
LaClz:HgX:phen = 1:1:2) as kL but in more acidic
Results and discussion media: pH = 5.0-7.0, pkp ~ 6.0-6.5 (Table 1). Unlike
HsL, HgX noticeably extracts without adding any alkali to
The extraction by nonsubstituted calix[4]resorcinarene  the organic phase, the same extraction percentageghly H
requires less alkali, thangH (Table 1). Moreover, the
Due to our previous data the extraction of lanthaniumxtraction takes place even through acidifying the organic
from aqueous solutions of Laglto n-heptanol solu- phase by HCI. So, the whole suppression of extraction can
tions of HL and phen in a concentration ratiobe achieved by addition of 2-2.5 equivalents of HCI, just
LaClz:HgL:phen = 1:1:2 occurs in the pH-range 5.5-as only 1-1.5 equivalents of KOH is required to obtain
7.5 (Table 1). The pH-values required were obtained mearly the whole extraction of lanthanides byX{l) and
adding alkali to the organic phase, just as using aqueazigquivalents — by gX(Il) (Tables 1, 2).
acetate buffers with the same pH-values leads to the lack of It is evident from the dependence of log q on pH (Figure
extraction. The extraction of Pr, Ho, Yb and Lu occurs in th2), that Pr and Ho are extracted byX{l) in two steps with
same pH-range (pdd ~ 6.0—6.2). The whole extraction wasdeprotonation of one and two protons, while the two steps
obtained through adding alkali in a molar ratiglH KOH are indistinguishable in the case of La and Lu. The n-value
= 1:4 (Table 1). The log g (q — extraction coefficientpbtained for La and Lu was 3, indicating their extraction



Table 1. The values of the extraction extent (E) of La, Pr, Ho, Yb, Lu from water (c=14~4 mol-dm—23) to n-heptanol solution
of HgL or HgX(1) (¢ = 4 x 10~% mol-dm~3) and phen (c = & 10~4 mol-dm~3) for different quantities of KOH (HCI) added to

the organic phase

“host” La Pr Yb Lu
c/mol dm~3  KOH (HClh)  m? PHagphase E (%) PHagphase E (%) PHagphase E (%) PHagphase E (%)
0 4.54 0 4.14 0 4.45 44 45 6.4
0.0004KOH) 1 6.10 228  6.14 174  5.64 226 591 20.7
0.0006KOH) 15 6.11 295  6.13 26.7 5.72 381 592 28.1
HgL 0.0008KOH) 2 6.19 435  6.23 442 612 357 595 64.3
0.0012KOH) 3 .44 724  6.40 756  6.35 82.1 6.53 70.7
0.0016KOH) 4 685 941  6.74 100 6.6 95.2  6.89 100
0.0018KOH) 45 7.11 100 - - 6.79 100 - -
“host” La Pr Ho Lu
c/mol dm~3  KOH (HClh)  m? PHagphase E (%) PHagphase E (%) PHagphase E (%) PHagphase E (%)
0.0016HCY 25 455 0 - - - - 4.19 0
0.0008HC) 2 488 1.2 3.99 0 4.29 0 5.63 8.6
0.0004HC) 1 .39 250  4.88 102  5.33 203  6.05 24.3
0 0 6.30 90.1  6.09 372  6.13 576  6.29 48.6
HgX(1) 0.0002KOH) 05 6.40 923  6.14 612  6.29 736  6.44 91.7
0.0004KOH) 1 .70 100 6.46 847 7.21 100 6.67 100
0.0008KOH) 2 6.62 100
2 Number of KOH (HCI) equivalents with reference to concentration gif Hr HgX(I).
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Figure 1. The dependence of log q on the pH of the aqueous phase for the extraction systegidHgh&ihen, Ln = La (a), Pr (b), Yb (c), Lu (d).
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Figure 2. The dependence of log g on the pH of the aqueous phase for the extraction systegiHgx¢l)-phen, Ln = La (a), Pr (b), Ho (c), Lu (d).

proceeds with dissociation of three protons. The data presen-tTab(le 2-4Th1e 0\ﬁluesI zf thea)etxtra(r:]tiortl extlentI(Et) Oﬁ-ta;;?” \)Na-

. . H H er (C=4x mol-am™ 0 nN-neptanol solution O or
ted in Table 1 show, that in spite of n being eqL_JaI tq 3 HgY (c = 4 10~% mokdm-3) and phen (c = & 10~ mokdm"3)
for both HsL and HgX(l) the latter extracts lanthanides in o different concentrations of KOH (HCI) added to the organic
the monodeprotonated form. As the dimethylamino-groups phase

are protonated in neutral and acidic medigX{) extracts

lanthanides with dissociation of three protons from two oSV i KOH (HC)  m*  pHaqueous phase E(%)
dimethylamino- moieties and one from the hydroxy-group _&mo!dm
according to equilibrium (3): 0.0008"Ch 2 6.00 0
0.0006HC) 15 6.33 34.2
Ln3t4+2phen + BX-2H* 0.0004HC) 1 6.43 49.0
=[Ln(phen)g]3+[H 7X] + 3Ht. (3) HgX(Il') 0 0 6.45 66.0
0.0002KCH) 05  6.69 73.8
Then-value obtained from the dependence of logg on pH in 0'0004E8:) 1 670 92.3
the case of La extraction bygX(ll) was 4 (Figure 3). So, 0.00080™ 2 7.14 100
HgX(Il) can be proposed to extract La(lll) in the dianion oy 80008K0H> 2 g-:g 383
form according to equilibrium (4): 8 : : :
g a @ 0.0012KCH) 3 674 62.9
KOH)
Ln3++12phen + HX.2H* 0.0016 4  6.69 85.4
+2p i 0.0018KCH) 45 7.22 100

=[Ln(phen}]3t[HeX]%~ + 4H. (4)
& Number of KOH (HCI) equivalents with reference to concentra-

The extraction of La by B proceeds with deprotonation ~ tion of HgX or HgY.
of four protons (n~ 4) (Figure 3b), but requires the same
quantities of KOH as kL (Tables 1, 2). Thus, -N(C¥)3
groups being incapable of capturing the proton from hyhe result of additional negative charge on the “rim” due
droxy groups make the extraction by¥ very similar to to intramolecular proton transfer from hydroxy to basic
those by HL. Consequently, the presence of (§bN- and alkylamino- groups of the “host”.
CsHioN-groups on the “host's rim” leads togX being a In summary, both BL, HgX and HY in the pres-
more efficient extractant thangH and HgY. This effect is ence of 1,10-phenanthroline extract lanthanide ions from
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Figure 3. The dependence of log g on the pH of the aqueous phase for the extraction systegadigdCll )-phen (a), and LaG} HgY-phen (b).

their chloride or nitrate aqueous solutions at pH = 5.0-7.5. F. Arnaud-NeuChem. Soc. Re@3, 235 (1994).

through outer-sphere interaction of the lanthanide’s bis3
phenanthrolinate cations with the negatively charged de-
protonated “rim” of calix[4]resorcinarene. Unfortunately, 4.
HsL and HgX do not appear to be selective extract-
ants with the lanthanide ions investigated. The compa®
ison of HgL, HgX and HgY extractability makes it evid-
ent that the dimethylamino- and piperidyl moieties of7,
HgX do not take part in lanthanide coordination, but af-
fect the lanthanide extraction through intramolecular pro-
: 8.
ton transfer from hydroxy-to alkylamino- groups. Thus,
calix[4]resorcinarene’s affinity for bulky cations is the

reason for its complexation with metal complexes whicl®.

leads to its effective extractability towards metal ions.

11.

Acknowledgement 12.

This work was supported by the Russian Foundation for Ba-
sic Research (Grants Nos. 98-03-32760 and 98-03-33051).

References

1. N. Sabbatini, M. Guardigli, A. Mecati, V. Balzani, R. Ungaro, E.
Ghidini, A. Casnati and A. Rochind. Chem. Soc. Chem. Commun.
878 (1990).

F. Arnaud-Neu, S. Cremin, S. Harris, M.A. McKervey, Weill M.-J.
Schwing, P. Schwinte and A. Walkes: Chem. Soc., Dalton Trans.
329 (1997).

H.-J. Schneider, D. Guttes and U. SchneideAm. Chem. Sod.10,
6449 (1988).

J.R. Fransen and P.J. Dutt@gn. J. Chem73, 2217 (1995).

H. Boerrigter, W. Verboom and D.N. Reinhoudt: Org. Chem62,
7148 (1997).

L.S. Kuznetsova, A.R. Mustafina, S.N. Pod'yachev, E. Kh. Kazakova,
A.R. Burilov and M.A. Pudovik:Koord. Khim.24, 623 (1998);J.
Coord. Chem(Engl. trans.P4, 582 (1998).

L.M. Tunstad, J.A. Tucker, E. Dalcanale, J. Weiser, J.A. Bryant, J.C.
Sherman, R.C. Helgerson, C.B. Knobler and D.J. Ckar®rg. Chem

54, 1305 (1989).

J. Matsuskita and T. Matsuietrahedron Lett46, 7433 (1993).

L.S. Serdyuk and V.S. Smirnayzh. Analit. Khim 19, 451 (1964).J.
Anal. Chem. USSFENgI. trans.R0, 161 (1965).

D.M. Czakis-Sulikowska and J. Radwanska-Doszekalska@natsh.
Chem.118 1243 (1987).

Yu.E. Morozova, L.S. Kuznetsova, A.R. Mustafina, E.Kh. Kazakova,
V.I. Morozov, A. Yu. Ziganshina and A.l. Konovaloy: Incl. Phenom.
35,397 (1999).






