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Preparation of efficient and selective ligands for ex-
traction of radionuclides is of considerable interest due to
intensive development of nuclear power engineering and
necessity of processing spent nuclear fuel. Mono- and
bidentate neutral organophosphorus compounds are
among the most efficient extracting agents for actinides
and lanthanides and are used presently for processing the
spent nuclear fuel. For instance, N, N-di-iso-butyl(carba-
moylmethyl)octylphenylphosphine oxide 1a is used! as
an extracting agent for isolation of highly toxic trans-
plutonium actinides from high-acidity saline solutions in
the known TRUEX process (transuranium extraction).
Compound 1a belongs to the class of carbamoylmethyl-
phosphine oxides (CMPQO), whose representatives (1—5)
are considered in the present work.

Since several bidentate CMPO molecules coordi-
nate with one trivalent actinide cation upon complex
formation, 12 it seems reasonable to synthesize such ligands
in which several CMPO groups are pre-organized on the
common molecular platform. Indeed, the introduction of
four CMPO groups to the upper rim of calix[4]arenes
produced? ligands 2a, which are much more efficient (by
at least 1000 times) than ligand 1a. Poly-CMPO deriva-
tives on the triphenylmethane molecular platform 2b also
exhibit high ionophoric ability toward actinides,3 although
the extraction ability decreases considerably, unlike that
of compounds 2a, with an increase in the concentration
of HNOs;.

We have recently shown? that p-adamantylcalix[4]are-
nes with the CMPO groups in the adamantane moieties
(3a—c) extract americium(ii1) and europium(ii) to di-
chloromethane in 3 M HNOj; solutions much more effi-
ciently that their monomeric analogs N-(1-adaman-
tyl)- and N-(1-adamantylmethyl)carbamoylmethyldi-
phenylphosphine oxides (4a,b) and model N,N-di-
butyl(carbamoylmethyl)diphenylphosphine oxide (1b).
Ligand 3b demonstrated better extraction properties; the
binding center in this ligand is remote from adamantane
by one C atom. Shortening or elongation of the linker
worsens the extraction properties (compounds 3a and 3c).
Probably, the direct attachment of the CMPO groups to
the bulky adamantane moiety in molecule 3a impedes
cation coordination, and the removal of them by two
C atoms in molecule 3¢ makes the ligand too mobile.

Available data indicate that the presence of several
CMPO groups in a molecule is not the only factor deter-
mining the complexation ability. Probably, mutual orien-
tation of linking centers, flexibility of linkers, and appro-
priate balance between rigidity and flexibility of the mo-
lecular platform also affect the ionophoric ability of the
ligand.

In the present work, we have studied for the first time
dicarbamoylmethylphosphine oxide derivatives of ada-
mantane 5 in which the CMPO groups are bound to the
1,3-positions of the rigid adamantane platform through
methylene or ethylene bridges and studied their ionophoric
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ability toward americium(iir) and europium(iin). Com-
pounds 1b and mono-CMPO derivatives of adamantane
4a—d were used as models for a comparison of the extrac-
tion properties.

Results and Discussion

Adamantane carbamoylmethylphosphine oxide ligands
4 and 5 are derivatives of the corresponding 1-mono- and
1,3-diamino-containing adamantanes 6a—d and 7a—c
(Scheme 1). 1-Aminoadamantane (6a),5 1-aminomethyl-
adamantane (6b),° 1,3-diaminomethyladamantane (7a),’
1-aminomethyl-3-(2-aminoethyl)adamantane (7b),® and
1,3-di(2-aminoethyl)adamantane (7¢)® were prepared ac-
cording to earlier described procedures. 1-(o-Amino-
benzyl)adamantane (6¢) and 1-(2-aminobutyl)adaman-
tane (6d) were synthesized from 1-cyanoadamantane (8a)’
and 1-cyanomethyladamantane (8b),” respectively, by the
reaction with phenylmagnesium bromide or ethylmag-
nesium iodide followed by the reduction of the ob-
tained N-magnesiumhaloketimines with lithium alumi-
num hydride in THF. The carbamoylmethylphosphine
oxide functions were introduced to nodal positions of the
adamantane cycle by the acylation of the corresponding
amines 6a—d or 7a—c with p-nitrophenyl diphenyl-

;8:n=m=1(@),n=1,m=2(b),n=m=2(c)

phosphorylacetate (9) similarly to the method proposed
previously?2 for CMPO-derivatives of calixarenes.

The extraction ability of adamantane CMPO ligands 4
and 5 was studied by the example of extraction of
americium(11) and europium(ii) from acidic aqueous so-
lutions to the organic phase. CMPO 1b was used as
standard.

When studying the extraction properties of the new
extracting agents, the distribution coefficients (D) of Am3*
and Eu®" between 3 M HNO; aqueous solution and
dichloromethane solution of each ligand were measured
as a function of ligand concentration (cy ). The nitric acid
concentration (3 mol L—1) in the initial aqueous phase
corresponded to the acidity of solutions in real industrial
processes. To determine the number of ligand molecules
per metal cation in the extracted complexes (so-called
solvate number, SN), we measured the slope ratio of the
plots logD = f{logcy). The obtained results are given in
Table 1 as distribution coefficients D determined by the
radiometric method from y-radiation of the 2*!Am and
I52Ey isotopes and are illustrated in Figs 1—3.

As can be seen from the data in Table 1, monosubsti-
tuted CMPO derivatives 4a and 4b with the ionophoric
group directly attached to the adamantane cycle or re-
mote by one methylene unit extract americium(i) and
europium(1r) cations from HNOj solutions approximately
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to the same extent and much worse than standard CMPO
ligand 1b. The introduction of the Ph substituent to the
adamantylmethyl moiety in ligand 4¢ or removal of the
CMPO group by two C atoms from adamantane in ligand
4d much decreases the extraction ability of the ligands.
This is related, most likely, to an increase in the screening
effect of the substituent at the linking center in the

first case and to a less ligand pre-organization in the
second case.

On the contrary, all CMPO ligands 5 with two binding
groups extract Am3* and Eu3* more efficiently than model
compound 1b and much more efficiently than their mono-
substituted analogs 4 (see Table 1). At the same time, they
are strongly inferior to p-adamantylcalix[4]calixarene

Table 1. Distribution coefficients (D) for the extraction of Am3* and Eu?* from 3 M HNO; to dichloromethane at different ligand

concentrations (c)

cL 1b 3b* 4a 4c 4d 5a 5b 5¢
/mol L1

DAm DEu DAm DEu DAm DEu DAm DEu DAm DEu DAm DEu DAm DAm DEu
0.005 0.01 0 32 26 — — — — — — — — 0.15 0.13 0.10 0.07
0.010 0.03 0.02 240 125 — — — — — — — — 0.81 0.66 0.59 0.37
0.020 0.14 0.05 920 570 — — 0 0.01 — — — — 3.7 3.9 3.2 2.0
0.040 0.5 0.27 — — 0.08 0.04 0.05 0.03 0.0050.005 0.01 0.01 250 38.0 27.0 16.0
0.060 1.2 0.64 — — 0.23 0.14 — - - = — — — — — —
0.080 — — — — 04 021 0.29 0.17 0.01 0.01 0.05 0.04 — — 190.0 230.0

* See Ref. 4.
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Fig. 1. Distribution coefficients (D) for Am3* (a) and Eu?* ()
as functions of the ligand concentration ¢; (double logarithmic
dependence) for extraction by ligands 1b, 4, and 5 from 3 M
HNOj to dichloromethane.

B Eu
B Am

5c

Ligand

Fig. 2. Solvate numbers (SN) for the extraction of Am3* and
Eu3* from 3 M HNOj solutions to dichloromethane by ligands
1b, 4, and 5.

ligand 3b. It turned out that the linker length (one or two
methylene groups) exerts no substantial effect on the ex-
traction efficiency of adamantane derivatives 5a,c. Ligand
5b demonstrated virtually the same efficiency.

The cooperative effect, viz., increase in the distribu-
tion coefficient for the poly-CMPO derivatives compared
to the monoanalogs at the same concentration of the
reaction centers, is a measure of non-additive increasing
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Fig. 3. Comparison of the distribution coefficients (D) for
Am3* (1, 2) and Eu3" (1, 2°) for extraction by ligands 1b (7, 1)
and 5c (2, 2°) from 3 M HNOj to dichloromethane.

the extraction ability in the polysubstituted ligands. To
determine the cooperative effect of the CMPO groups
attached to the adamantane platform in derivatives 5, the
distribution coefficients D for 5 at a certain ligand con-
centration were compared to similar D values of ligands 4
at a doubled concentration. It turned out that for pair
5a/4b the effect of adamantane platform pre-organiza-
tion is ~15, whereas for pair 5b/4d it increases to ~3- 102,
Since the D values for 5a and Sc are close, we can con-
clude that the cooperative effect increases with linker elon-
gation.

An important characteristic of extraction is the solvate
number that characterizes the composition of the formed
complexes. We determined the solvate numbers for ligands
4a,b and 5a—c for extraction of Am3" and Eu3" by the
slope method.1? The logarithmic plots of the distribution
coefficients vs. ligand concentration for extraction of am-
ericium and europium by ligands 1b, 4, and 5 are shown
in Fig. 1.

The slope ratios of the lines are rather close in all
cases. According to the results of analysis of the slope
ratios of the lines (see Fig. 2), the typical solvate numbers
for all CMPO-adamantanes 4 and 5 for americium and
europium extraction range from 2 to 3. This means that
the solvates containing two or three molecules in the com-
plex are most stable. These data contradict the assump-
tion that two CMPO groups of the disubstituted ligand
are involved in coordination with one metal ion. How-
ever, the increase in the extraction ability indicates an
additional stabilization of the complex by the second
CMPO group of the extracting agent.

The influence of the nitric acid concentration on the
extraction of Eu3* by ligands 5a and 5b is illustrated in
Fig. 4. As for model compound 1b, the extraction maxi-
mum is achieved at medium concentrations of nitric acid
(3—5 mol L), indicating that these compounds can be
used under real conditions of radionuclide separation.
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Fig 4. Distribution coefficients (D) for the extraction of Eu3* by
ligands 1b, 5a, and 5b at different nitric acid concentrations
(solvent dichloromethane).

One of the most important problems of spent nuclear
fuel processing remains the separation of trivalent ac-
tinides, which is difficult due to their similar chemical
properties. It is known!! that CMPO-calixarenes 2a are
highly selective toward actinides and their D,/ D, is ~5.
In our case, americium is extracted by ligand 5c only
slightly more efficiently than europium, and the D,/ Dg,
does not exceed 2 (see Table 1, Fig. 3): its extraction
properties are almost the same as those for compound 1b.
Probably, this is caused by relatively weak pre-organiza-
tion of the binding centers in positions 1 and 3 of the
adamantane platform of ligands 5.

Thus, all newly synthesized adamantane 1,3-dicarba-
moylmethylphosphine oxide derivatives 5 much more ef-
ficiently extract americium(iir) and europium(iir) from
3 M HNOj to dichloromethane than their monosubsti-
tuted analogs 4 and standard ligand 1b. In mono-CMPO
adamantanes 4, the removal of the binding center from
the adamantane cycle or an increase in the screening
effect of the substituent decreases the extraction efficiency.
Di-CMPO derivatives 5a and Sc, whose binding groups
are separated from adamantane by one or two C atoms,
extract Am3* and Eu3" with close efficiency. The synthe-
sis of compound 5b with linkers of different length
(—CH,— and —(CH,),—) produced no extracting agents,
whose extraction ability (D) or selectivity (Dan/Dgy)
would be higher. The maximum of the extraction ability
for derivatives 5 is observed in 3 M HNOj3, which is typi-
cal of the CMPO derivatives. The synthesized ligands are
not selective, and their distribution coefficient D,,,/Dg,
is at most 2.

Experimental

The 'H, 13C, and 3'P NMR spectra were recorded on a
Bruker Avance-400 spectrometer (400 MHz) in CDCl; with
operation frequencies 400, 100, and 162 MHz, respectively. In
the 'H and 3C NMR spectra the chemical shifts are given
relative to residual CHCl; (8 7.25) and CDCl; (8 76.92), and
those in the 3'P NMR spectra are relative to 85% H;PO, (exter-
nal standard). The C atoms of the adamantane cycle are enu-

merated for the 13C NMR spectra in Scheme 1. Preparative
column chromatography were carried out on Kieselgel 40/60
(Merck), and TLC analysis was performed on DC Alufolien
Kieselgel 60 F,s, plates (Merck) with UV development. All sol-
vents were purified according to known procedures.

I-Aminoadamantane (6a),5 1-aminomethyladamantane
(6b),% 1,3-diaminomethyladamantane (7a),” 1-aminomethyl-3-
(2-aminoethyl)adamantane (7b),® 1,3-di(2-aminoethyl)ada-
mantane (7¢),® I-cyanoadamantane (8a),” 1-cyanomethyl-
adamantane (8b),” p-nitrophenyl diphenylphosphorylacetate
(9)22, 1-[(diphenylphosphoryl)acetamido]adamantane (4a),4 and
1-[(diphenylphosphorylacetamido)methyl]adamantane (4b)4
were synthesized according to known procedures.

Synthesis of CMPO ligands 4 and 5 (general procedure).
Aminoadamantane 6a—d or 7a—c (1 mmol) and p-nitrophenyl
ester 9 (1.25 equiv. per NH, group) was suspended in toluene
(5—10 mL) containing triethylamine (1.25 equiv. per NH, group
or 2—2.5 equiv. per NH,-HCI group). The reaction mixture
was stirred 5—8 h with heating to 80 °C under argon (TLC
monitoring). The solvent was distilled off under reduced pres-
sure, and the residue was dissolved in chloroform (20 mL). The
organic extract was washed successively with 5% Na,CO;
(4x10 mL) and water (4x10 mL) and dried over MgSQOy,, and the
solvent was distilled off. The residue was triturated with hexane
and filtered or reprecipitated from a CHCl;—hexane mixture
(since compound 4c¢ is soluble in hexane, it was isolated by
column chromatography on SiO, using CHCl;—hexane as
eluent).

1-[a-(Diphenylphosphorylacetamido)benzyl]adamantane (4c)
was synthesized from 6¢ (0.24 g, 1.0 mmol), compound 9 (0.48 g,
1.25 mmol), and triethylamine (0.17 mL, 1.25 mmol) in tolu-
ene (5 mL) at 80 °C for 5 h. The yield was 0.4 g (83%), m.p.
97—99 °C. Found (%): C, 77.12; H, 6.98; N, 2.71; P, 6.52.
C;3H34NO,P. Calculated (%): C, 77.00; H, 7.09; N, 2.90;
P, 6.40. 'H NMR, &: 8.34 (d, 1 H, NH, J= 9.3 Hz); 7.90—7.05
(m, 15 H, CHpy); 4.54 (d, 1 H, CHNH, J= 9.3 Hz); 3.40—3.20
(m, 2 H, CH,PO); 1.84 (br.s, 3 H, CHpy); 1.60—1.32 (m, 12 H,
(CHy)aq)- BC NMR, 8: 163.71 (d, CO, J = 3.8); 138.62 (Cpy);
132.24 (dd, Cpy,, J; = 13.9 Hz, J, = 2.5 Hz); 131.57 (dd, Cpy,
J1=95.5Hz, J,=19.0 Hz); 130.50 (dd, Cpy,, J; =25.2 Hz, J, =
10.1 Hz); 128.77 (dd, Cpy, J; = 12.0 Hz, J, = 8.2 Hz); 128.34,
127.34, 126.57 (all Cpy); 63.03 (CHNH); 38.44 (CB,,); 37.88
(d, CH,PO, J = 59.4 Hz); 36.56 (C%4); 36.23 (C%,q); 28.14
(CY4q)- 3'P NMR, &: 30.03 (P=0).

1-[2-(Diphenylphosphorylacetamido)butyl]adamantane (4d)
was synthesized from amine hydrochloride 6d (0.24 g, 1.0 mmol),
compound 9 (0.48 g, 1.25 mmol), and triethylamine (0.56 mL,
4 mmol) in toluene (10 mL) at 75 °C for 5 h. The yield was 0.4 g
(89%), m.p. 148—150 °C. Found (%): C, 74.65; H, 8.19; N, 3.01;
P, 6.68. C,3H3,NO,P. Calculated (%): C, 74.81; H, 8.07;
N, 3.12; P,6.89. 'HNMR, &: 8.15—7.10 (m, 11 H, CHp, + NH);
3.95 (m, 1 H, CHNH); 3.49 (d, 2 H, CH,PO, J = 15.1 Hz);
1.80—0.95 (m, 19 H, CHp4 + (CH;)4q + AACH, + CH,CH3);
0.46 (br.s, 3 H, Me). 3'P NMR, &: 34.15 (P=0).

1,3-Di[ (diphenylphosphorylacetamido)methyladamantane
(5a) was synthesized from amine 7a (0.19 g, 1.0 mmol), com-
pound 9 (0.84 g, 2.2 mmol), and triethylamine (0.30 mL,
2.2 mmol) in toluene (20 mL) at 75 °C for 5.5 h. The yield was
0.54 g (80%), m.p. 175—176 °C. Found (%): C, 70.95; H, 6.33;
N, 4.01; P, 8.89. C4yH44N,04P,. Calculated (%): C, 70.78,;
H, 6.53; N, 4.13; P, 9.13. '"H NMR, &: 7.85—7.70 (m, 8 H,
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CHpy); 7.40—7.55 (m, 14 H, CHp, + NH); 3.33 (d, 4 H,
CH,PO, J=12.4 Hz);2.79 (d, 4 H, CH,NH, J=6 Hz); 1.75 (s,
2 H, (CH,)ag); 1.00—1.40 (m, 12 H, (CH,)aq). 3C NMR, &:
164.61 (d, CO, J=4.4 Hz); 132.37 (d, Cpy,, /= 2.2 Hz); 131.74
(d, Cpyp, J = 102.4 Hz); 130.65 (d, Cpy,, J = 9.9 Hz); 128.92 (d,
Cpp, J = 12.2 Hz); 50.77 (CH,NH); 42.20 (C(2)4q); 39.04
(C(#M)ag> C8)ags C(9ag> C(10)4q); 38.39 (d, CCHZPO, J =
60.4 Hz); 35.80 (C(6)pq); 34.72 (AACH,)*; 34.28 (C(1)a4,
C(3)aq)*; 28.07 (C(5)ad> C(7)aq)- 'P NMR, &: 29.76.

1-[(Diphenylphosphorylacetamido)methyl]-3-[2-(diphenyl-
phosphorylacetamido)ethyl]adamantane (5b) was synthesized
from amine 7b (0.21 g, 1.0 mmol), compound 9 (0.84 g,
2.2 mmol), and triethylamine (0.3 mL, 2.2 mmol) in toluene
(20 mL) at 80 °C for 5 h. The yield was 0.42 g (61%), m.p.
236—237 °C. Found (%): C, 71.22; H, 6.48; N, 3.92; P, 8.68.
C4 Hy6N,O,P,. Calculated (%): C, 71.08; H, 6.69; N, 4.04;
P, 8.94. '"HNMR, 5: 7.85—7.65 (m, 8 H, CHp,); 7.45—7.55 (m,
14 H, CHyp;, + NH); 3.33 (d, 2 H, CH,PO, J = 12.8 Hz); 3.31
(d, 2 H, CH,PO, J=12.9 Hz); 3.11 (m, 2 H, CH,NH); 2.85 (d,
2 H, CH,NH, J = 6.0 Hz); 1.82 (br.s, 2 H, CH,y); 1.45—1.02
(m, 14 H, (CH,)5q + AACH,). 3C NMR, &: 164.41 (d, CO, J=
5.1 Hz); 164.21 (d, CO, J = 4.4 Hz); 132.24 (br.s, Cpy); 131.43
(dd, Cpy,, J = 102.6 Hz); 130.72 (dd, Cpy,, J = 9.5 Hz); 130.65
(dd, Cpp,, /= 9.5 Hz); 128.78 (d, Cpy,, / = 12.4 Hz); 128.75 (d,
Cpp, J = 12.2 Hz); 50.81 (CH,NH); 44.81 (C(2)pq); 42.72
(CH,NH); 41.42 (C(4)aq. C(10)a0); 39.29 (C(8)ag, C(aa);
38.76 (d, Cch,po, /= 58.1 Hz); 38.26 (d, Ccn,po, J =59.7 Hz);
36.14 (C(6)pq); 34.93 (C(1)aq)*; 34.51 (C(3)a)*; 32.23
(AdCH,); 28.39 (C(5)ag, C(7)aq)- >'P NMR, 3: 29.58, 29.54.

1,3-Di[2-(diphenylphosphorylacetamido)ethyl]adamantane
(5¢) was synthesized from amine 7¢ (0.22 g, 1.0 mmol), com-
pound 9 (0.95 g, 2.5 mmol), and triethylamine (0.3 mL,
2.2 mmol) in toluene (10 mL) at 75 °C for 5.5 h. The yield was
0.53 g (75%), m.p. 193—195 °C. Found (%): C, 72.17; H, 8.00;
N, 6.75; P, 8.77. C4HygN,0,P,. Calculated (%): C, 72.39;
H, 8.03; N, 6.03; P, 8.94. '"H NMR, &: 7.85—7.70 (m, 8 H,
CHpy); 7.61—7.55 (m, 4 H, CHpp); 7.53—7.45 (m, 10 H,
CHp, + NH); 3.35(d, 4 H, CH,PO, J=12.8 Hz); 3.19 (m, 4 H,
CH,NH); 1.95 (br.s, 2 H, CHuy); 1.54—1.12 (m, 16 H,
(CHy)ag + AdCH,). 3C NMR, &: 164.16 (d, CO, J = 4.4 Hz);
132.17 (br.s, Cpy); 131.43 (d, Cpy,, J = 102.4 Hz); 130.53 (d,
Cpp, /= 9.9 Hz); 128.64 (d, Cpy,, J = 12.2 Hz); 46.81 (C(2)9);
42.72 (CH,NH); 41.36 (C(4) og> C(8) ad> C(9) ag> C(10)29); 38.47
(d, CCHzPOv J = 60.4 Hz); 36.08 (C(6),q); 34.72* (AACH,);
32.25% (C(1), C(3)aq); 28.52 (C(5)ag> C(7)aq)- 3'P NMR, &:
26.63 (P=0).

1-(o-Aminobenzyl)adamantane (6¢). Manganese (3.6 g,
0.15 mol) and anhydrous Et,0 (100 mL) were placed in a reac-
tor with a stirrer, a reflux condenser, a drying tube, and a drop-
ping funnel, and bromobenzene (15.75 mL, 0.15 mol) dissolved
in Et,0 (300 mL) was added dropwise for 0.5 h. The reac-
tion mixture was stirred for 1 h until Mg was dissolved and
I-cyanoadamantane (8a) (16.1 g, 0.1 mol) in THF (300 mL)
was added. The resulting mixture was stored for 8 h. A suspen-
sion of previously prepared N-magnesiumhaloketimine was
added dropwise to a suspension of lithium aluminum hydride
(7.8 g, 0.21 mol) in THF (300 mL). The reaction mixture was
stirred under reflux for 40 h and cooled, and water (11 mL),
12% sodium hydroxide (20 mL), and more water (30 mL) were

* Ambiguous assignment.

added. The precipitate was filtered and extracted with ether
(3x150 mL). The mother liquors were combined and concen-
trated. The residue after evaporation was distilled in vacuo. The
yield was 15.7 g (65%), b.p. 159—163 °C (4 Torr), m.p. 68 °C.
Found (%): C, 84.65; H, 9.54; N, 5.81. C;;H3N. Calcu-
lated (%): C, 84.48; H, 9.05; N, 5.71. "H NMR (DMSO-dy), &:
7.02 (m, 5 H, CHp); 3.37 (br.s, | H, CHNH,); 1.88 (br.s,
3 H + 2 H, CHpyg + NH,); 1.38—1.60 (m, 12 H, (CH;)aq)-
13C NMR, (DMSO-dg), &: 143.35, 128.23, 126.93, 126.08
(all Cpy); 65.31 (CHPh); 38.19 (CB,y); 36.68 (C®4); 35.98
(C%q); 27.87 (Cpq).

1-(2-Aminobutyl)adamantane (6d) was synthesized similarly
to compound 6¢ from 1-cyanomethyladamantane 8b (17.5 g,
0.1 mol), ethyl iodide (11.3 mL, 0.14 mol), and lithium alumi-
num hydride (5.63 g, 0.15 mol). The duration of the synthesis of
N-magnesiumhaloketimine was 3 h, and it was reduced for 20 h.
The yield of compound 6d was 16.6 g (80%), b.p. 98—102 °C
(4 Torr). Found (%): C, 81.16; H, 12.08; N, 6.66. C;4H,sN.
Calculated (%): C, 81.00; H, 12.01; N, 6.76. 'H NMR
(CD50D), &: 2.45—2.35 (m, 1 H, CHNH,); 2.10 (br.s, 3 H,
CHpy); 1.90—1.30 (m, 12 H, (CH,)sq + AdCH,CHCH,); 1.13
(t, 3 H, Me). 13C NMR (CD;0D), &: 49.95 (CHNH,); 48.08
(AdCH,); 43.39 (CP,4); 37.83 (C344); 33.18 (C%24); 29.94 (CVxg);
29.11 (CH,CHj3); 9.76 (CH,CH3).

Extraction experiment. A nitric acid solution of europium
nitrate (~10~5 mol L~!, 1 mL) labeled with '>2Eu or 2! Am to an
activity of ~5 kBq mL~! was placed in a cell, an equal volume of
the extracting agent in CH,Cl, was added, and the cell was
closed and automatically shaken for 1 h. Extraction equilibrium
was achieved within several minutes. The phases were sepa-
rated by centrifuging, and the aqueous and organic phases
(0.4 mL each) were sampled. The distribution coefficient was
measured radiometrically on a DeskTop InSpector 1270 scintil-
lation y-spectrometer (Canberra Co).

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 05-03-
32845).
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