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Partially functionalized cavitands (7a—d) have been synthe-
sized starting from the tetrakis(bromomethyl)cavitand 6.
New cavitand-based cation ligands, with one to three carba-
moylmethylphosphane oxide (CMPO) moieties (11la-d),
were prepared in good (66—90%) vields, The ligands 11a—d
extract Eu'!, but do so less effectively than the tetra-CMPO
cavitand 1. The decreasing number of CMPQO groups which

In a strategy for reducing the volume of radioactive
waste, effective separation of the trivalent actinides (ameri-
cium and curium) is required. Carbamoylmethylphosphoryl
ICMP(O)] derivatives are commonly used as organic ex-
tractants for the recovery of these trivalent trans-plutonium
actinidest!l. In our previous paper® we reported the syn-
thesis and extraction of europium, selected as being rep-
resentative of the trivalent actinides americium and cu-
rium!?, by a new type of resorcinarene cavitand ligand with
carbamoylmethylphosphonate (CMP) and -phosphane ox-
ide (CMPO) groups (ligands 1—4, see Scheme 1). Due to
the attachment of four CMP(O) moieties to the rigid cavi-
tand frame, and the tight preorganization of the coordinat-
ing sites, the efficiency and selectivity [ol Eu'*! over UQY
and Fe'™] of the metal extraction process was improved,
compared to that with simple CMP(O) extractants.

Scheme 1. Structure of the tetra-CMP(O)-functionalized cavitands
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result in decreasing extraction percentages for Eu'', also de-
crease the selectivity of Eu'! over that of Fe™, Sr!f, and UOX.
There is a difference in extraction behavior, determined by
radio-lracer experiments, between the distal and proximal
disubstituted ligands, 11b and 11¢, respectively. The extrac-
lion constants for the 1:1 complex of 11b and 11¢ with Eu-
(picrate)s are K., = 6.7 - 108 M~* and 3.7 - 10 M4, respec-
tively,

Subsequently, we investigated the influence of the number
of ligating sites on the extraction properties and com-
plexation strength. Although in the ligands 1—4 all CMPO
groups are associated in the (europium) complex!t?, their
individual contributions may be different. Furthermore, we
observed that ligand 2 extracts Eu''! from aqueous solu-
tions that contain an excess of Eu', in a 1:2 (ligand/cation)
complex stoichiometry, indicating Eu'! complexation with
only two proximally positioned CMPO muoieties. Therelore,
analogous resorcinarene ligands with less than four CMPO
moieties should give more insight into the effects of struc-
tural variation on the extraction properties, In this paper
we present the synthesis and europium extraction results of
resorcinarene-derivatized CMPO ligands, based on partially
substituted cavitands.

Results and Discussion

Synthesis

The partially functionalized cavitands 7a—d have been
prepared starting from the (previously described) tetrakis-
(bromomethyl)cavitand 6 by partial substitution of (a)
bromo atom(s) for (a) phthalimido group(s) (Scheme 2)!.
The four partially functionalized products, the mono-
phthalimido- (7a), the distal (or 1,3-bis)phthalimido- (7b),
the proximal (or 1,2-bis)phthalimido- (7¢), and the tris-
(phthalimidomethyl)cavitand 7d, were formed by the reac-
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tion of the bromomethylcavitand 6, with less than four
equiv. of potassium phthalimide and tributylhexadecyl-
phosphonium bromide as the phase transfer catalyst. De-
pending on the reaction conditions, varying ratios of the
compounds 7a—d and, in addition, small amounts ol tetra-
substituted derivative 7e, were formed. Due to the influence
of the number of phthalimido moieties on the polarity, the
different compounds could be easily separated using col-
umn chromatography.

- Scheme 2. Synthesis of the partially substituted cavitands

|

(G,

In general, the yields of the partially substituted products
7a—d are influenced by (i) the solvent and (i1) the number
of potassium phthalimide equivalents. When the reaction is
carried out in toluene (Table 1; entries 1 and 2) the yield
of partially substituted cavitands 7a—d depends statistically
upon the equiv. of potassium phthalimide added. In DMF
(entry 3) the introduction of the second phthalimido group
is slower, as can be concluded from the low yield of the
disubstituted compounds 7b and 7¢, relative to the mono-
and trisubstituted cavitands 7a and 7d, respectively. The
relative distribution of 7b and 7¢ of 1:2 1s 1n agreement
with the statistically expected ratio, which was also found
[or the reaction in toluene. In acetonitrile (entries 4 and
5), however, the relative distribution of both disubstituted
compounds (7b and 7c¢) is inversed from the statistical 1:2
ratio to a 2—3 fold excess ol the distal over the proximal
diphthalimido cavitand. This can be explained by the lower
solubility ol 7h, when compared to 7¢, inducing partial pre-
cipitation. Consequently, most of 7¢ reacted further to give
the trisubstituted product 7d.

The cavitand 7b can be clearly diflerentiated {rom the
proxtmally substituted cavitand 7¢ by the signals for the
methyleneoxy bridge protons in the 'H-NMR spectra. In
the spectrum of 7b only one doublet at 6 = 6.02 1s present
for the (outer) bridge protons, due to the two planes of
symmetry, while the spectrum of 7¢ (with one plane of sym-
metry), shows three doublets (ratio 1:1:2) at 8 = 6.03, 5.97,
and 35.95, respectively. Both the mono- and trisubstituted
derivatives (7a and 7d) exhibit two doublets for the (outer)
bridge protons.
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CMPO-Based Ligands: The CMPO ligating sites were in-
troduced into the partially aminomethyl-substituted cavi-
tands 9a—d (Scheme 3). Compounds 9a—d could not be
prepared directly from the phthalimido-substituted deriva-
tives 7a—d as treatment of the phthalimido groups with hy-
drazine hydrate, in the presence of the bromomethy! groups,
would result in intermolecular auto-alkylation of the re-
leased amino groups. Therefore, the bromo atom(s) of
Ta—d had to be removed prior to the deprotection of the

X
/X sotassium phthalimide
catalyst
VU
reftux
(CsHyy)s

R' R R R4
phth Br Br Br
phth Br phth Br
phth phth Br Br
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amino moieties, Treatment of 7a—d with NaBH, in DMF
at —10°C gave the debrominated phthalimido-substituted
cavitands 8a—d in reasonable to good yields (51—87%) 1>,
Subsequent treatment of the cavitands 8a—d with hydrazine
hydrate in refluxing ethanol/THF aiforded the amino-
methyl-methylcavitands 9a—d in yields of 89—99%7—%},

Table 1, Product distribution of partially substituted compounds

Entr solvent  K.phth®™ Time Yieldi [9%4)]
MUY fa.b) [equiv] [hours] 7a 7b 7¢ 7d  Te total

1 toluene 2.0 5 28 12 25 8 2 15
2 toluene 2.4 17 7 8 20 37 =kl 72
3 DMF 2.2 4,5 2] 2 5 14 10 52
4 CH,LCN 2.2 4 12 22 7 17 11 69
5 CH,CN 2.2 5 13 26 11 20 5 75

- All reactions were performed at reflux temperature, excepl (or
DMF (70°C). — I For 1.0 g of starting compound (6), 100 m! of
solvent was used. — [l The catalyst was used in 0.1 equiv. to the
potassium phthalimide. — 14 Isolated yield. — [ Product not iso-
lated.

The diphenyl-carbamoylmethylphosphane oxide (Pha-
CMPO) moieties were introduced by aminolysis of the ami-
nomethyl groups in the cavitands 9a—d with p-nitrophenyl
(diphenylphosphoryl)acetate (10)[*!9 to give the (dipheny!-
N-methylcarbamoylmethylphosphane  oxide)methyicavit-
ands 11a—d in yields of 66—90%. In the 'H-NMR spectra
all new ligands exhibit the expected number of signals for
the aromatic and outer bridge protons, and in ratios that
correspond clearly to their structure. The presence of the
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Scheme 3. Synthesis of the partially CMPO-functionalized ligands
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CMPO moieties is shown by the doublet for the

C(O)CH,P(O) protons around 8§ = 3.25 (?Jp = 12.7 Hz).

Extractions

In order (o study the influence of the number of the ligat-
ing moieties, picrate (2,4,6-trinitrophenolate) extractions
were carried out with the new ligands!''), To allow compari-
son with the tetrasubstituted ligand 1 the same cations were
investigated as in our previous study!?, BEuropium was
selected as a general representative for the trivalent actin-
ides (e.g. americium and curium) and lanthanide group ele-
ments®l, and the selectivity for europium over five other
elements was studied, viz. sodium, iron [Fel™}?] strontium,
cesium!™], and uranium fas UO4,

Metal Extractions: The results of the extraction experi-
ments with the partially CMPO [functionalized ligands
11a—d, and the tetrasubstituted analogue 1, are summa-
rized mm Table 2 (the extraction properties are expressed as
%E, the percentage cation extracted; see the Experimental
Seclion).

Tabie 2. Extraction of cations with partially CMPO-functionalized

ligands
Percentage of cation extracted, YoE R

11v] 1la 11b I1c 11d
Na* < <] <] <] <1
Cs™ <1 << | <| < <1
Sr2t 8() 34 59 83 83
uost 02 37 95 93 98
Fed*lel 55 25 [6 64 74
But 93 31 63 93 08
A L) = JO . M.‘; [MP*] = 1074 M; mel = 0"‘2 M
IINO{lW = 1074 m; pH = 3.0, — Y] From ref12, - HL)os =
M; [Fet )i = O 4 [LiPic),, = 107> M; [LlCl] 0.9 - 1 ""’” M:
HOIL, =103 M: pH = 3.0.

All ligands extract the elements St'!, UOY, Fe'l!, and
Eu'll and, furthermore, none of the ligands shows any sig-
nificant affinity for the first row alkali metals Na and Cs.
The extraction of Eul! with the cavitands 11a—d increases
with increasing number of CMPO moieties (1 shows a max-
ium extraction level, vide infra), with the exception of the
proximally substituted compound 11c. The extraction be-
havior of 11¢ is comparable with that of the trisubstituted
cavitand 11d; 11¢ is a (much) better extractant than its dis-
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tally disubstituted analogue 11b [exception for UQL]. Obvi-
ously, two proximally positioned CMPO groups {(e.g. 11¢)
fulfill the coordination requirements of Eu'l' better than
two distal CMPO moieties (e.g. 11b). The introduction of
an additional (third) CMPO unit (11d vs. 11¢) increases the
Eu™ extraction to a lesser extent. The %FE values of the
extractable cations have been calculated as distribution co-
eflicients (using eq. 5; see Experimental Section) and their
separation factors, compared to Eu''', are presented in
Table 3. Comparison of the Sy values reveals that for
the ligands 11a—d the selectvity (Sgm values) generally
increases with increasing number of CMPO moieties, simi-
lar to the increasing %E values. The extraction of Eu'!l is
more sensitive to variation in the number of CMPO groups
than that of other elements. Therefore, the higher selectivity
is mainly caused by the increasing Dg, values, The three
strongest binding ligands (I, 11d, and 11¢) extract both
Eu''" and UO3' to essentially the same extent (Sgyuo, = 1)

Table 3. Distribution coefficients and separation factors

ToppulallF rpm— e

Distribution coefficients Separation factors!

Dg, Duo, Dpe Dy, Stwsr SEWUG, Stwli
11b] 4.0} 1.5 1.2 14,1 3.5 1.2 12
11a 0.52 1.3 0.33 045 .87 ().34 1.4
11b .4 19.0 0.19 1.7 1.2 ().09 8.8
11l¢ 5.7 13.3  [.8 130 2.3 (.U 7.3
11d 4.9 49 29 44 9.3 (J.93 16

L] S afly ™ ) uj D be T ] From rel. [2]

Extraction Constants: The dependence of Dy, on [L],.
the initial ligand concentration, is shown in Figure 1 as a
plots of log Dy, as function ol log [L], ;. The graphs exhibit
a curve where generally the curvature 1s more pronounced
with increasing strength of the extractant, while the strong-
est extractant (tetra~-CMPO cavitand 1) reaches a maximum
extraction (distribution). The trends in curvature of the
graphs can be attributed to the presence of complexes with
different stoichiometries, viz. both 1:1 and 1:2 (host/guest
ratio) complexes. This behavior was also found for the tetra-
substituted CMP(Q) resorcinarene ligandst?, In the low li-
gand concentration region ([L]y,; < 107* M) the curvature
of the plots of 11a and, especially, 11d are more pro-
nounced. In spite of the low organic concentrations, this
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Figure 1. Plots of log) DEu vs. log [Llai: 3 [Euitl,; = 107 M,
[LiPicl, = 1072 M, [HNOs],, = 1073 M, pH = 3.0
o (1) tetrakis

2-‘3[ m (11d) tris

r |4 {11c) 1,2-bis
4 (11b) 1,3-bis

[ ¢ (11a) mono

log Dg,

p

might be explained by formation of aggregates leading to a
slightly imncreased distribution coefTicient.

The extraction coefficients (K,,) for the 1:1 complexes
have been calculated from eq. 3 (see Experimental Section),
as K., cannot directly be determined from log D vs. log [L]
plots?l, The K, values (summarized in Table 4) underline
the correlation found between the number of CMPO groups
in the cavitand ligands and the level of the extraction. The
signihicant difference between both disubstituted ligands is
also reflected in their K, values. The distally substituted
ligand 11c¢is a 5.5 times stronger complexant for Eul!! than
the proximally substituted ligand 11b, The possibility of in-
tramolecular association between the two CMPO moieties
in 11b, resulting in a lower extraction constant of 11b (com-
pared to 1lc¢), can be excluded. Due to the smaller intra-
molecular CMPO distance in 11¢ (compared to 11b) this
effect would be stronger for 11¢, resulting in a lower extrac-
tion constant, the opposite of what is observed. Further-
more, the complexation with the tris-CMPO hgand 114 is
four times stronger than with 11¢ (but 22 times stronger
than with 11b), while decreasing the number of CMPO
moieties from four to three has a smaller effect on the com-
plexation strength (e.g. 11d is a 2.5 times weaker ligand
than the tetrasubstituted ligand 1). Obviously the individual

2250

contributions of the CMPO moieties are not equally essen-
tial for the complex formation and strength.

Table 4, Extraction constants of 1:1 complexes

EM x 10° K. M~
tetrakis-11b] 6(0) 3.7 - 1010
meno-113a 2.2 2.3 - 108
1,3-bis-11h 0.0 6.7 - 10°
1,2-bis-11¢ 22 3.7 - 107
tris-11d 46 1.5 - 10
[ L) = ()“4 M; [Bu*t),; = 1074 m; [LIPIL] = (072 Mm;
THNO;), = 1073 m; pH = 3.0, — [® From ref. ],
Conclusions

In this paper we present the synthesis of the partially
functionalized cavitands 7a—d starting from tetrakis(bro-
momethyl)cavitand 6. Variation in the relative product dis-
tribution is achieved by changing the reaction conditions,
The new CMPO ligands 11a—d, with one to three ligating
sites, were prepared in good yields (66—90%). Compared to
the tetrakis-CMPO cavitand 1, the partially CMPO-substi-
tuted ligands 11a—d are less effective extractants for Eu''l,
as shown by the values of the extraction constants. The dil-
ference in extraction behavior of both disubstituted ligands
is striking (the K., of 11¢ 1s 3.5 times larger than the K, of
11b), illustrating the effect of steric preorganization. The
Sepdlfltiml factor for the extraction of Eu'"' over Sr',
UOL, and Fe! decreased going from tris- (11d) to mono-
CMPO ligand (11a), mainly caused by relatively laster
decreasing Dg, values.

The authors acknowledge M. Geusebroek for assistance in the
preparation of the radio-isotope labelled stock solutions, and Th.
Stevens (mass spectra) and 4. Montanaro-Christenhusz (elemental
analyses) for the characterization of the new compounds.

Experimental Section

Materials: THE was freshly distilled from Na/benzophenone be-
[ore use and DMF was dried over molecular sieves (3/4 A) [or al
least 3 d. For synthetic uses CH,Cl, was distilled from CaCl; and

kept on molecular sieves (3/4 A), while p.a. CH,Cl; was used for

the extraction experiments, Toluene was distilled from sodium and
kept on molecular sieves (3/4 A). Other chemicals were of reagent
grade and used without further purification, Hexanes refer to a
petreleum ether isomer mixture with a boiling range between
60— s0°C.

Isotopes: The **Na, **Fe, and *"Sr isotope solutions were pur-
chased from Amersham (UK). The '¥Cs and '*?Eu isotope solu-
tions were [PL (Burbank, California, USA) products, while UQ,
(238U, 20% enriched with *3°U) was used from ECN stocks.

Synthesis: All reactions were carried out under an argon atmos-
phere, unless otherwise stated. Flash column chromatography was
performed with Merck silica gel 60 (0.040—0.063 mm, 230-400
mesh) and Sephadex column chromatography was performed using
Pharmicia BioTech Sephadex LH-20. Melting points were deter-
mined with a Reichert melting point apparatus and are uncor-
rected. Mass (FAB) spectra were recorded with a Finnigan MAT
90 spectrometer using m-nitrobenzyl alcohol as a matrix. The 'H-
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NMR and "C-NMR spectra (250 MHz and 62.5 MHz) were re-
corded on a Bruker AC 250 spectrometer in CDCl; at ambient
tem., and the chemical shifts were expressed relative to CDCl;
(6 = 7.26 and oc = 76.91). Elemental analyses were performed
with a Model 1106 Carlo Erba Strumentazione Elemental Ana-
lyzer, and the presence of solvent molecules in the analytical
samples was confirmed by '"H-NMR spectroscopy.

Compounds 5™, 62, 10U%, and lithium picrate[?! were prepared
according to literature procedures. The synthesis and characteri-
zation of the tctrasubstituted derivatives 1—4, and 7e have been
described elsewhere!?l,

Typical Procedure Jor the Preparation of Partially Phthalimido-
Substituted Cavitands: A solution of tetrakis(bromomethyl)cavit-
and 6 (5.0 g, 4.2 mmol), potassium phthalimide (1.71 g, 9.3 mmol)
and hexadecyltributylphosphonium bromide (0.56 g, 1.09 minol) in
CH;CN (500 ml) was refluxed for 6 h. After evaporation of the
solvent the residue was dissolved in CH,Cl, (200 mb), washed with
2M NaOH (3 X 50 ml) and dried over MgSQ,. The partially substi-
tuted products were isolated after flash column chromatography
(8105, hexanes/EtOAc ratio 80:20—40:60).

Tris{ bromomethvl)phthalimidomethylecavitand — (7a).  General
yield!!3k 12—13%, m.p. 285—287°C (hexanes/EtOAc). — MS, nmi/z
(o) 1255.4 (15%) [M*]. — 'H NMR; § = 7.83-7.78 and
7.74—=7.69 (2 m, 2:2H, phthalimido), 7.12, 7.09 (25, 3: 1 H, ArH),
6.03, 6.00 (2 d, 2:2H, J = 6.6 Hz, outer OCH,0), 4,77, 4.74 [2 1,
2:2H, J = 8.0 Hz, CH(CH,)4], 4.65 (s, 2H, ArCH,phth), 4.58, 4.55
(2 d, 2:2H, J = 7.0 Hz, inner OCH-0), 4.50, 4.38 (2 s, 4:2H,
ArCH,Br), 2.3-2.05 (m, 8H, CHCH,), 14-1.15 [m, 24H,
CHCH,(CH>);], 0.93—0.84 (m, 12H, CH;). — PC NMR: § =
167.9 [s, NC(O)C], 153.9, 153.8, 153.7, 153.4 (s, ArCOCH,O),
138.2, 138.1, 138.0, 137.8 (s, ArCCH), 133.8, 132.1, 123.3 (d, s, s,
phthalimido), 124.5 (s, ArCCH,Br}, 122.2 (s, AcCCH,phth), 121.1,
120.1 (d, ArCH), 99.2 (t, OCH,0), 369 (d, ArCHAr)., -
CeaH-2BraNO,, (1255.0): C 61.25, H 5.78, N 1.12; found C 61 .45,
H 6.02, N 1.28.

1,3-Bis( bromomethyl)-2,4-bis( phthalimidomethyl)cavitand  (7h):
General yield!!?); 22~26%, m.p. 224°C (hexane/EtOAc). — MS,
mlz (%): 1320.8 (30%) (M™*]. — 'H NMR: § = 7.83~7.78 and
7.74—7.69 (2 m, 4:41, phthalimido), 7.10, 7.08 (2's, 2:2H, ArH),
602 (d, 4H, J = 7.4 Hz, outer OCH-0), 4.71 [t, 4H, J = 7.9 Hz,
CH(CH,),], 4.63 (s, 4H, ArCH,phth), 4.57 (d, 4H, J = 7.5 Hz,
iner OCH-,0), 4.55 (s, 4H, ArCH»Br), 2.35—2.19, 2.15—1.95 (2
m, 4:4H, CHCH,), 1.45—1.15 [m, 24 H, CHCH,(CH,)3], 0.87 (i,
[2H, J = 6.8 Hz, CH,). — '*C NMR: & = 167.9 [s, NC(Q)], 154.0,
153.7 (s, ArCOCH,0), 138.1, 137.7 (s, ArCCH), 133.8,132,2, 123.3
(d, s, d, phthalimido), 124.5, 121.8 (s, ArCCH,), 121.2, 120.1 (d,
ArCH), 99.3 (t, OCH,0), 36.9 (d, ArCHAI), 23.2 (t, ArCH;,B1). —
CoaHq¢BraN»O(5 (1321.2): caled. C 65.46, H 5.80, N 2.12; found C
65.06, H 6.03, N 2,12,

1,2-Bis( bromomethyl)-3,4-bis( phthalimidomethyl ) cavitund (7 ¢):
General yield! ) 7—11%, m.p. 272—274°C (hexanes/EtOAc). ~
MS, mlz (%): 1320.6 (45%) [M*]. — '"H NMR: § = 7.83~7.78 and
7.74=7.69 (2 m, 4:4H, phthalimido), 7.12, 7.09 (2 5, 2:2H, ArH),
6.03, 597, 595 (3 d, 1:1:2H, J = 74 Hz, outer OCH50),
4.77-4.65 [m, 8H, CH(CH,),, 4H, ArCH,phth], 4.60, 4.538, 4.55
(3 d, 4H, J = 7.5 Hz, inner OCH,0), 4.50 (s, 4H, ArCH,Br),
2,35-2.05 (m, 8H, CHCH,), 1.4—1.15 [m, 24 H, CHCH(CH>}s],
0.87 (t, 12H, J = 7.0 Hz, CH,), — PC NMR.: § = 167.9 [s, NC(O)),
154.1, 153.8, 153.7, 153.6 (s, ArCOCH,0), 138.0, 137.8 (s,
ArCCH), 133.8, 132.2, 123.3 (d, s, d, phthalimido), 124.5, 121.6
(s, ArCCH,), 121.0, 120.1 (d, ArCH), 99.3 (1, OCH,0), 36.9 (d,
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ArCHAY), 23.5 (t, ArCH;Br)., ~ CyyHyBraN>O 4 - CsH 2 (1405.4):
caled, C 66.57, H 6.45, N 1.99: found C 66.64, H 6.61, N 1.97.

Bromomethyltris( phthalimidomethy! ) cavitand — (7d).  General
yield[!3l 17-23%, m.p. 154—156°C (EtOAc/hexanes). — MS, m/z
("4): 1387.5 (30) IM*], — 'H NMR: 8 = 7.81-7.76 and 7.71—7.66
(2 m, 6:6H, phthalimido), 7.09, 7.06 (2 s, 1:3H, ArH), 5.95, 5.81
(2 d, 2:2H, J = 6.4 Hz, outer OCH50), 4.69 [t, 4H, J = 8.2 Hz,
CH(CHa,)4), 4.65 (s, 6H, ArCH,phth), 4.57, 441 (2 d, 2:2H, J =
7.2 Hz, inner OCH-0), 4.52 (s, 2H, ArCH,Br), 2.3—2.05 (m, 8 H,
CHCH,), 1.4—1.15 [, 24H, CHCH,(CH,)s}, 0.85 (t, J = 7.0 Hz,
12H, CH,). - BPC NMR: 8 = 167.9 [s, NC(O)], 154.0, 153.8, 153.6
(s, ArCOCH,0), 138.1, 137.9, 137.8 (s, ArCCH), 133.9, 1321,
123.3 (d, s, d, phthalimido), 124.5, 121.5 (s, ArCCHa), 121.1, 120.4
(d, ArCH), 99.5 (t, OCH.,0), 60.4 (i, ArCHyphth), 36.9 (d, Ar-
CHAr), 23.5 (t, ArCH.Br). — CyHgyBrN;Oyy « 2 H,0 (1423.4);
caled, C 67.49, H 5.95, N 2.95; found C 67.63, H 6.08, N 2.72,

General Pracedure for the Debromination of Partially Bromometh-
yleavitands: A solution of the partially bromomethyl-phthalimido-
methyleavitand in DMF was cooled to —10°C (brine/ice bath) and
NaBH, was added in portions. The progress of the reaction was
followed with TLC until almost all the starting material had disap-~
pearcd (60—90 min), After the addition of CH,Cl, the reaction was
quenched with 2 M HCI, and the aqueous layer was, additionally,
extracted twice with CH,Cl,. The collected organic layers were
washed with 2 M HCI (3 X) and dried over Na,SO,. The solvent
was removed in vacuo and the crude product was purified by flash
column chromatography.

Trimethylphthalimideomethylcavitand (8a) was prepared starting
from the tris(bromomethyl)phthalimidomethylcavitand 7a (200 mg,
159 ywmol) and NaBH, (0.27 g, 7.2 mmol) in DMF (5 ml). Aftcr
stirring the reaction mixture for 80 min and chromatography (S10,,
EtOAc/hexanes, 30:70) 8a was isolated as a white foam. Yield: 94
mg (58%), m.p. 126—128°C (CH,Cls). — MS, mi/z (%): 1018.2 (100)
(M™]. — '"H NMR: § = 7.83-7.78 and 7.74~7.69 (2 m, 2:2H,
phthalimido), 7.09, 6.96 (2 s, 1:3H, ArH), 5.86, 5.79 (2 d, 2:2H,
J = 6.9 Hz, outer OCH-0), 4.75, 422 [2 ¢, 2:2H, J = 8.0 Haz,
CH(CH,)4], 4.75 (s, 2H, ArCH,phth), 4,33, 4.26 (2 d, 2:2I1, J =
7.0 Hz, inner OCH-O), 2.4-2.05 (m, 8H, CHCH,), 1.99, 1.91 (2
s, 3:6H, ArCH,), 1.4—1.15[m, 24 H, CHCH,(CH>)4], 0.89 (t, 12,
J = 6.6 Hz, CH;). — BC NMR: § = [67.8 [s, NC(O)C], 153.4 (s,
ArCOCH-0), {38.0, [37.2 (s, ArCCH), 133.8, 132.1, 123.3 (d, s, d,
phthalimido), 123.4 (ArCCH,), 121.0 (ArCCHa,phth), 119.8, 117.3
(d, ArCH), 99.2 (t, OCH-,0), 37.0 (d, ArCHAT), 10.4 (g, ArCH,).
- C(,;_LI"I?:;NOH] (1018.3). caled, C 7549, H 7.42, N 1.38; found C
7548, H 7.63, N 1.49,

1,3-Dimethyl-2,4-bis( phthalimidomethyl) cavitand (8b) was pre-
pared starting from 1,3-bis(bromomethyl)-2,4-bis(phthalimido-
methyl)cavitand 7b (500 mg, 0,378 mmol) and NaBF, (72 mg, 1.89
mmol) in DMF (10 ml). Alter stirring the reaction mixture for
65 min and chromatography (S1Q,, EtOAc/hexanes, 50:50) 8b was
isolated as a white foam. Yield: 0.223 g (5S1%), m.p. 303—305°C
(EtOAc/hexanes). — MS, ni/z (Y): 1162.4 (100) [M*]. — 'H NMR:
6 = 7.84—7.77 and 7.76—7.68 (2 m, 4:4H, phthalimido), 7.08, 6.95
(2 s, 2:2H, ArH), 5.81 (d, 4H, J = 7.0 Hz, outer OCH,0), 4.74
(s, 4H, ArCH,phth), 4.72 [t, 4H, J = 8.9 Hz, CH(CHa.)4], 4.33 (d,
4H, J = 7.1 Hz, inner OCH-0), 2.35-2,18,2.18—1.95 (2 m, 4:4H,
CHCH,), 190 (s, 6H, ArCH;, 1.50~1.20 (m, 24H,
CHCH,(CH>,)s], 0.88 (t, 12H, J = 6.8 Hz, CH;). — '"C NMR:
60 = 168.1 [s, NC(O)], 153.7, 153.5 (5, ArCOCH,O), 138.5, [37.3
(s, ArCCH), 134.0, 132.0, 123.3 (d, s, d, phthalimido), 123.8, 120.9
(s, ArCCHa,), 120.6, 117.0 (d, ArCH), 99.1 (t, OCH,0), 37.0 (d,
ArCHAr), 32.8 (t, ArCHaphth), 10.4 (q, AtCHj3). — ChH3N-O 5
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- H,O (1181.4): caled. C 73.20, H 6.83, N 2.37; found C 73.57, H
6.78, N 2.56.

1,2-Dimethyl-3,4-bis( phthalimidomethy!)cavitand (8¢c) was pre-
pared starting from 1,2-bis(bromomethyl)-3.4-bis(phthalimido-
methylcavitand 7¢ (0.59 g, 0.48 mmol) and NaBH, (84 mg, 2.23
mmol) in DMF (15 ml). After stirring the reaction mixture for
70 min and chromatography (8i0,, hexanes/BEtOAc, 70;30) 8¢ was
isolated as a white foam. Yield: 0.45 g (87%), m.p. 283—-235°C
(EtOAc/hexanes). — MS, m/z (%): 1162.5 (100) [M™]. 'H NMR:
o = T7.78—7.73 and 7.69—7.64 (2 m, 4:4H, phthalimido), 7.07, 6.94
(2 5, 2:2H, ArH), 582, 575 (2 d, 1:3H, / = 69 Hz outer
OCH,0), 4.76—4.60 [m, 8 H, CH(CH,)4), 4.66 (s, 4H, ArCH,phth},
4,36—4.29 (m, 4H, inner OCH,Q), 2.3-2.0 (m, §H, CHCH,), 1.67
(S, 6H, AI‘CH3), 1.45~1.15 [I'l'l, 241‘1, CHCI‘IQ(CHE);;], 0.85 (t, IZH..
J = 6.8 Hz, CH;). — PC NMR: § = 171.0, 167.9 [s, NC(O)], 153.8,
153.7, 153.5, 1534 (s, ArCOCH,0), 138.5, 138.0, 137.8, 137.3,
137.2 (s, ArCCH), 134.0, 132.0, 123.3 (d, s, d, phthalimido), 123.9,
121.1 (s, ArCCH,), 120.4, 117.2 (d, ArCH), 99.9, 99.1, 98.4 (t,
OCH,0), 37.0, 36.9 (d, ArCHA), 32.7 (t, AtCH,phth), 10.3 (q,
ArCH,), = C7;aH%N>O(5 + 2.5 H-0O (1208.4): caled. C 71,56, H
6.92, N 2.32; found C 71.68, H 6.14, N 2.43,

Methyltris( phthalimidometlipl ) cavitand (8d) was prepared start-
ing from bromomethyltris(phthalimidomethyl)cavitand 7d (75 mg,
54.1 umol) and NaBH4 (31 mg, 0.81 mmol} in DMF (3 ml). After
stirring the reaction mixture for 80 min followed by chromatogra-
phy (Si0,, EtOAc/hexanes, 60:40) 8b was isolated as a white foam.
Yield: 52 mg (73%), m.p. 155-157°C (CH,Cly/hexanes). — MS, m/
z (%): 1309.0 (100) (M™* + H]. — 'H NMR: § = 7.83—7.76 and
7.72—7.67 (2 m, 6:6H, phthalimido), 7.06, 6.93 (2 s, 3: 1 H, ArH),
5.98,595(24d, 2:2H, J = 7.4 Hz, outer OCH,0), 4.68 [t, 4H, J =
7.9 Hz, CH(CH,),], 4.66 (s, 6H, ArCH,phth), 4.37 (d,4H, J = 7.0
Hz, mner OCH,0), 2.35-2,0 (m, 8H, CHCH,), 1.90 (s, 3H,
ArCHs3), 1.45—~1.15[m, 24H, CHCH,(CH,)4], 0.86 {t, J = 6.8 Hz,
[2H, CHy). — PCNMR: 3 = 168.0[s, NC(0)], 153.9, 153.8, 153.7,
153.6 (s, ArCQCH-0), 138.1, 137.7, 137.3 (s, ArCCH), 134.0,
132.1, 132.0, 123.3 (d, s, d, phthalimido), 123.9 (s, ArCCH3), 121.0
(s, ArCCH,phth), 120.3, 116.4 (d, ArCH), 99.8, 99.0 (t, OCH,0),
36.9 (d, ArCHAr), 32.8 (t, ArCH,phth), 10.5 {(q, ArCH,). —
CaoHg N3Oy4 + 2 H,O (1344.6): caled. C 7146, H 6.37, N 3,13;
found C 71.63, H6.17, N 3.10.

General Procedure for the Deprotection of Amino Groups; Forma-
tion of 9a—d: A solution of the partially methylphthalimidomethyl-
cavitand and hydrazine hydrate in a 9: [ mixture of EtOH and THF
was refluxed for 4—8 h, After adding concentrated HC] the reac-
tion mixture was refluxed for an additional 1 h, The solvents were
removed in vacuo and the precipitate dissolved in CH,Cl,, washed
with 2 M NaOH (2 X), H,O {3 X), and dried over Na,SO,.

Aminomethylirimethyleavitand (9a) was prepared by reaction of
trimethylphthalimidomethyleavitand 8a (89 mg, 87.4 ymol) and hy-
drazine hydrate (0.09 ml, 0.44 mmol) in a mixture of EtOH (9 ml)
and THF (1 ml) for 7 h. White foam. Yield: 75 mg (97%), m.p.
119—=121°C (CH.Cla). — MS, milz ("o): 871.5 (100) M+ — NH,,
caled. for CSGH';:;NOS = NI‘[_-;] —~ IH NMR: § = 1.08, 6.95 (2 S,
1:3H, ArH), 591, 5.87 (2 d, 2:2H, J = 7.0 Hz, outer OCH-QO),
4.76 [t, 4H, J = 8.0 Hz, CH(CH,),], 4.33, 429 (2 d, 2:2H, J =
7.0 Hz, mner OCH,0), 3.71 (s, 2H, ArCH.NH,), 2.25-2.10 (m,
sH, CHCH,), 2.00, 1.96 (2 s, 3:6H, ArCH,), 1.5~1.3 [m, 24H,
CHCHE(CH_*}_)Q,], 0.91 (t, 12H, J=10)5 HZ, CH;). = I3(: NMR: 0 =
153.4, 153.3, 153.0 (s, ArCOCH,0), 138.4, 138.0, 137.8, 137.5 (s,
ArCCH), 128.7 (s, ArCCH,), 123.9, 123.7 (s, ArCCH5), 119.5 (d,
(CHL)ArCH), 117.5, 117.3 [d, (CH,)ArCH], 99.2, 98.4 (t, OCH,0),
53.4 (t, ArCH,NH,), 37.0 (d, ArCHAT).
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1,3-Bis(aminomethyl ) -2 4-dimethylcavitand (9b) was prepared by
the reaction of the [,3-dimethyl-2,4-bis(phthalimicdomethyl)cavit-
and 8b (0.09 g, 0.077 mmol) and hydrazine hydrate (0.04 ml, 0.77
mmol) in a mixture of EtOH (9 mi) and THF (1 ml) for 4 h. Redis-
solving and evaporating the crude reaction mixture from CH.Cl,
(3 % 25 ml) afforded 9b as a white foam, Yield: 0.07 g (99%,), m.p.
140—142°C (CH,Cl,). — MS, m/z (%): 886.9 (100) [M™ — NH,,
caled. for C5Hq4N,Og — NH4]. — "H NMR: 8§ = 7.06, 6.96 (2 s,
2:2H, ArH), 5.87 (d, 4H, J = 6.8 Hz, outer OCH-0), 4.75[t, 4 H,
J = 7.9 Hz, CH(CH,)4], 4.33 (d, 4H, J = 7.0 Hz, inner OCH,0),
3.70 (s, 4H, ArCH,NH,), 2.25-2.10 (m, 8 H, CHCH,), 1.94 (s, 6 H,
ArCH,), 1.,5—1.3 [m, 24H, CHCH,(CH,),], 0.91 (t, 12H, J = 6.5
Hz, CH,). — PC NMR: 8 = 153.4, 153.0 (s, ArCOCIH-0), 138.4,
137.6 (s, ArCCH), 128.1 (s, ArCCH,NH,), 123.8 (s, ArCCH,),
119.5, 117.3 (d, ArCH), 99.1 (t, OCH-»0), 37.0 (d, ArCHAr), 35.5
(t, AI‘CH;NI‘IZ)

1,2-Bis(aminomethyl }-3,4-dimethylcavitand (9¢) was prepared by
the reaction of the 1,2-dimethyl-3,4-bis(phthalimidomethyl)cavit-
and 8c (0.24 g, 0,21 mmol) and hydrazine hydrate (0.20 mli, 4.13
mmol) in a mixture of EtOH (18 ml) and THF (2 ml) for 4.5 h,
White foam. Yield: 0.07 g (98%), m.p. 169—-171°C (CH,Cl,). —
MS, miz ) 857.3 (100) [M* — CH,NH, — NH,, caled. for
CscH7uN,Og — CH,NH, — NH,). — 'H NMR: § = 7.05, 6.95 (2
s, 2:2H, ArFD), 592, 589, 5.86 3 d, 1:2:1H, J = 6.9 Hz, outer
OCH,0), 4,75 [t, 4H, J = 8.1 Hz, CH(CH,)4], 4.35—4.30 (m, 4H,
inner QOCH-O0), 3.63 (s, 4H, ArCH,NH,), 2.25~-2.10 (m, 8H,
CHCH,), 1.97 (s, 6H, ArCHj3), 1.5—1.3 [m, 24 H, CHCH,(CH,),],
0.91 (t, 12H, J = 6.8 Hz, CH,). — C NMR:; § = 1534, 153.3,
153.0, 152.8 (s, ArCOCH,0), 138.5, 138.1, 137.9, 137.6, 137.5 (s,
ArCCH), 128.9 (s, ArCCH,NHa), 123.9 (s, ArCCH,), 119.3, 117.2
(d, ArCH), 99.3, 98.9, 98.3 (t, OCH,0), 37.0 (d, ArCHAr), 36.0
(t, ArCH,NH-).

Tris(aminomethyl)methylcavitand (9d) was prepared by reaction
of methyliris(phthalimidomethyl)cavitand 8d (109 mg, 83.3 pmol)
and hydrazine hydrate (0.12 ml, 2.5 mmol) in a mixture of E(OH
(9 ml) and THF (1 ml) for 8 h. White foam. Yield: 68 mg (89%),
m.p. 139—-141°C (CH,Cly). — MS, m/z (%): 844.3 (100) [M* — 2
CHQNHQ_ — NI‘[E + I"I., calcd. lor Cj(j];{'}'sN;}OH — 2 CI“I?_NI“]E -
NH, + H]., — '"H NMR: & = 7.04, 6.95 (2 5, 3: 1 H, ArH), 5.61,
588 (2d, 2:2H, J = 6.4 Hz, outer OCH,0), 4751, 4H, J = 8.0
Hz, CH{CH,)4), 4.33 (d, 4H, J = 6.8 Hz, inner OCH,0), 3.63, 3.58
(2s,4:2H, ArCH,NH,), 2.25-2.10 (m, 8H, CHCH,), 1.95 (s, 3H,
ArCH,), 1.45—1.2 [m, 24H, CHCH,(CH-,)4), 0.91 (t, 12H, J = 6.5
Hz, CH;). — "C NMR: 8 = 153.4, 153.1, 153.0, 152.9 (5, ArCO-
CH,0), 133.5, 138.2, 138,0, 137.6 (s, ArCCH), 129.1 (s
ArCCH,NK,), 123.9 (s, ArCCHy), 119.1, 117.2 (d, ArCH), 99,3,
98.9 (t, OCH,0), 37.0 (d, ArCHAr), 36.0 (t, ArCH,NH,).

General Procedure for the Amidation with p-Nitrophenyt ( Di-
phenylphosphoryl)acetate (10): A solution of the partially amino-
methyl-cavitand and p-nitrophenyl (diphenylphosphoryDacetate
(10) in toluene was refluxed for 5—11 h. Subsequently, the reaction
mixture was cooled to room temp. and the solvent removed in vac-
uo. The residue was dissolved in CH,Cl, (25 mD), and washed with
5% NaHCO; (3 X 10 ml), 1 m HCI (10 ml), H,O (10 ml) and dried
over NapdQy. The residue was purified by column chromatography
(Sephadex LH-20, MeOH/CH,Cl,, 1:1) to give 11a—d as shightly
yellow powders.

( Diphenyl-N-methyl-carbamoylmethylphosphane  oxide ) trimeth-
yleavitand (11a) was prepared by the reaction of the aminomethyl-
trimethylcavitand 9a (0.25 g, 0.28 mmol) and p-nitrophenyl (di-
phenylphosphoryl)acetate (10) (0.17 g, 0.45 mmol) in toluene (15
ml) for 6 h. Yield 0.21 g (66%), m.p. 116—118°C (CH,Cl,/MeQH).
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- MS, m/z (%) 1152.6 (100) IM* + Na]. — 'H NMR: § =
7.71=7.63 and 7.59—~7.45 (2 m, 4:6H, phenyl), 7.22 (t, 1 H, NH),
7.10, 6.97 (25, 1:3H, ArH), 587, 574 2 d, 2:2H, J = 7.2 Hz,
outet OCH,0), 4.70, 4.72 [2 {, 2:2H, J = 8.1 Hz, CH(CH,)4],
4,35—4.25 (m, 4H, mner OCH,Q0, 2H, ArCH,NH), 3.24 [d, 2H,
J = 12.7 Hz, C(O)CH,P(O)], 2.25-2,1 (m, 8H, CHCH,), 1.98 (s,
0H, ArCH;), 1.5—1.25[m, 24 H, CHCH,(CH,)4], 0.90 (t, 12H, J =
6.9 Hz, CH,). — °C NMR: § = 1644, 164.3 [s, NC(O}], 153.8,
[53.4, 153.3 (s, ArCOCH-0), 1384, 138.0, 1379, 1374 (s
ArCCH), 132.7—128.6 (P-phenyl), 123.9, 123.8 (s, ArCCH,)}, 122.9
(s, ArCCH,), 120.5, 117.4, 117.2 (d, ArCH), 99.6, 98.5 (t, OCH,O),
R.7 [dt, J = 273 Hz, C(O)CH,P(O)], 37.0 (d, ArCHAr), 34.5 (t,
AI‘CHzNH), 104, 10.3 (q, AICI'I-;) . C'}'UH34N01[)P ) Hzo
(1148.4); caled. C 73.21, H 7.55, N 1.22; found C 73.39, H 7.59,
N 1.39,

1,3-Bis(diphenyl-N-methylcarbamoylmethyiphosphane oxide )-2,4-
dimethylcavitand (11} was prepared by the reaction of {,3-bis(ami-
nomethyl)-2,4-dimethylcavitand 9b (0.25 g, 0.28 mmol) and p-
nitrophenyl (diphenylphosphoryljacetate (10) (0.48 g, .91 mmol)
in toluene (25 ml) for § h, Yield 321 mg (84%), m.p. 130—132°C
(CH,Clo/MeOH). — MS, m/z (%) 1387.8 (65) [M* + H]. — 'H
NMR: & = 7,72=7.64 and 7.58—7.43 (2 m, 8:12H, phenyl), 7.31
(t, 2H, NH), 7.09, 6.95 (2 s, 1 :3H, ArH), 5.79 (d, 4H, J = 7.1 Hz,
outer OCH,0), 4.73 [t, 4H, J = 8.1 Hz, CH(CH,),], 4.36 (d, 4H,
inner OCH,0), 4.26 (d, 4H, J = 4.9 Hz, ArCH,NH), 3.23 [d, 4 H,
J = 12,5 Hz, C(O)CH,P(O)}, 2.35—2.1 (im, 8H, CHCH,), 1.97 (5,
6H, ArCH,), 1.5—1.15 [m, 24H, CHCH,(CH>)5], 0.91 (t, 12H, J =
6.7 Hz, CH;). — '“C NMR: 8 = 164.3, 164.2 [s, NC(O}], 153.7 (s,
ArCOCH,0), 138.4, 137.5 (s, ArCCH), 132.5—128.8 (P-phenyl),
124.1 (s, ArCCH,3), 123.0 (s, ArCCH,), 120.3, 117.0 (d, ArCH),
99.2 (1, OCH,0), 38.7 [dt, J = 225 Hz, C(O)CH,P(O)], 37.0 (d,
AICI’IAI), 34.4 (t, AICI*IENH), 10.4 (q, AI’CI’I;;). — Cg;;I'I_ggNEOIEPE
- 0.5 CH,Cl, (1435.1): caled. C 70.12, H 6.72, N 1.94; found C
70.18, H 7.09, N 2.05.

1,2-Bis( diphenyl-N-methylcarbamoylmethylphosphane oxide )-3,4-
dimethylcavitand (11c¢) was prepared by the reaction of the 1,2-bis-
(aminomethyl)-3,4-dimethyicavitand 9¢ (248 mg, 0.28 mmol) and
p-nitrophenyl (diphenylphosphoryl)acetate (10) (0.47 g, 0.91 mmol)
in toluene (25 ml) for 11 h. Yield 342 mg (90%), m.p. 132—133°C
(CH,Cl./MeOH). — MS, m/z ("): 1409.7 (100) [M* + Na], — H
NMR: 6 = 7.72-7.64 and 7.53~7.42 (2 m, 8:12H, phenyl), 7.17
(t, J = 5.1 Hz, 2H, NH), 7.09, 6.96 (2 s, 2:2H, ArH), 5.86, 5.78,
.70 3 d, 1:2:1H, J = 7.2 Hz, outer OCH,0), 4.75, 4.72, 4.69 |3
t, 1:2:1H, J = 7.0 Hz, CH(CH,),], 440—4.22 (m, 4H, inner
OCH,O, 4H, ArCH,NH), 324 [d, 6H, J = 12,7 Hz,
C(O)CH,P(O)], 2.25-2.05 (m, 8H, CHCH,), 1.97 (s, 6H, ArCHs),
1.45—1.15 [m, 24H, CHCH\(CH,)3], 0.92 (t, 12H, J = 6.9 Hze,
CH,). —= Y“C NMR: & = 164.3 [s, NC(0O))], 153.9, 153.7, 153.5, 153.3
(s, ArCOCH,0), 138.6, 138.0, 137.9, 1374 (s, ArCCH),
132.5-128.8 (P-phenyl), 123.9 (s, ArCCHS,), 122.9 (s, ArCCH,),
120.2, 117.1 (d, ArCH}, 99.9, 99.2 (t, OCH,0), 39,0 [dt, J = 259
Hz, C(O)CH,P(0)], 37.0 (d, ArCHATr), 34.5 (t, ArCH,NH), 10.5
(q., AICH-;) — ngHgﬁNjOl‘_‘_}_Pg ' ]‘Igo (14056). caled. 7178, H
7.03, N 1.99; found C 71.72, H 7.00, N 2.00,

Tris(diphenyl-N-methylcarbamoylmethylphosphine  oxide Jmeth:-
ylleavitand (11d) was prepared by the reaction of the tris(amino-
methyl)methylcavitand 9d (206 mg, 224 pmol) and p-nitrophenyl
(diphenylphosphorylacetate (10) (0.39 g, 0.74 mmol) in toluene (20
ml) for 6 h. Yield 316 mg (86%), m.p. 126—128°C (CH,Cl,/
MeOH). — MS, m/z (%): 1668.2 (100} [M™* + Na]. — 'H NMR:
6 = 7.72—7.64 and 7.49—7.35 (2 m, 12: 18 H, phenyl), 7.19 (t, 3H,
NH), 7.07, 6.94 (2 s, 3:1H, ArH), 579, 572 (2d, 2:2H, J = 7.1
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Hz, outer OCH,0), 4.71, 4.68 [2 t, 2:2H, J = 7.7 Hz, CH(CH,).],
4,35, 429 (2 d, 2:2H, J = 7.5 Hz, mner OCH,0), 4.23 (d, 6H,
J =49 Hz, ArCH-NH), 3.25[d, 6, J = 12.8 Hz, C(O)CH,P(O)],
2.3—2.05 (m, 8H, CHCH,), 1.96 (s, 3H, ArCHj), 1.5—-1.15 (m,
24H, CHCH,(CH,)5l, 092 (1, 12H, J = 6.9 Hz, CH;). — C
NMR: o = 164.3, 164.2 [s, NC(O)}, 153.9, 153.8, 153.6, 153.5 (s,
ArCOCH,0), 138.6, 138.1, 1379, 137.5 (s, ArCCH), 132.4—1238.8
(P-phenyl), 124.2 (s, ArCCHa;), 123.2 {s, ArCCH,), 120.0, 116.9 (d,
ArCH), 99.8, 99.2 (t, OCH,0), 393 [df, J = 243 Hz,
C{(O)CH,P(O)], 36.9 (d, ArCHAr), 34.3 (t, ArCH:NH), 10.5 (q,
AI’CH;;). — ngngNgOMPg ' HQ_O (16629) caled. C 7079, H 6.67,
N 2.53: found C 70.55, H 6.87, N 2,26.

Extraction Experiments

Solutions: The 1074 M salt stock solutions were prepared by dis-
solving the required amounts of the approprate metal nitrate or
chloride salt M™* (X ™), and LiPic in [0~ M HNO; and adjusting
the total volume of the solution to 20 ml using volumetric glass-
ware. The pH of the solutions was close to pH 3.0, and adjusted
to pH 3.0 by adding small amounts of LiIOH or 0.1 M HNO; il
necessary. The metal picrates were prepared in situ in the stock
solutions resulting from the presence of an excess (10~* M) lithium
picrate in the 107* ™ salt solutions. The salt solutions were spiked
with the appropriate radiotracer (**Na, Sy, "Cs, "°Eu or
233238U0,) by adding a small amount (20—200 pl) of a radiotracer
solution to the respective salt solutions, The spiked Fel!! stock solu-
tion was prepared by dissolving the required amounts of FeCl; and
LiPic in 2 ml of 0.1 M HCI *?Fe-tracer solution and adjusting the
volume to 20 ml with H,O, followed by pH correction to pH 3.0
by adding LiOH giving a deviated solution of 107+ m HCI and 0.9
« 1072 M LiCl. The 107 M stock solutions of the ligands were
prepared by dissolving the appropriate amount of the ligands in 20
ml! of CH,Cl,,

Procedures: Equal volumes (1.0 ml) of the organic and the aque-
ous solutions were pipetted in a glass stoppered glass tube and
magnetically stirred at ambienl temperatures (22—24°C) for al least
20 min (60 min for Fe!! extraction experiments)H9 to ensure com-
plete equilibration. The solutions were disengaged by centrifu-
gation (1600 rpm for 10 min) and equal aliguots (0.5 ml) of the
organic and aqueous phascs were pipetted out, The gamma-activity
in both samples was determined with a LKB Wallac Compu-
Gamma Nal(T]) scintillation counter, except for the uranium
experiments where liquid scintillation counting was used. The per-
centage of the cation extracted in the organic phase (WE = E ¢
100%), delined as the ratio of the activity in the organic phase (Ay)
and the total activity in both the organic and the aqueous phase
(A,), 18 expressed by eq. 1:

U = (_ Ay

)- [00% (1)
An + All

Variation of ligand concentration experiments were performed
by taking suitable aliquots of the stock solution and adjusting the
volume to 1.0 ml by adding CH,Cl,. The solutions were not pre-
equilibrated with the agueous phase, as the partitioning of the spe-
cies (e.g. HNO;, LiPic, or LiNO,) to the organic phase due to the
low salt concentrations in the agueous phase can be neglected. Due
to the mutual solubilities of CH,Cl, and water!’”]; slight extraction
(%Eg, < 0.4) was observed i control experiments. The reported
extraction percentages are the average of at least four (metal extrac-
tion) or two (concentration variation) experiments. The error in the
reported extraction percentages is <2%E (<4%E for Sr'! and Fe!'h,
The errors in the K, values are less than 5%.
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Determination of Extraction Cogfficients (K..): The extraction
of metal cations (M"*) accompanied by » anions and a neutral
organic ligand (L) can be described by the general expression given

1n eq. 2,
[Mu*i']w +n- [Xﬂ]w -+ [L]n = [M ' X” ' L]n (2)

where M = Eu't, X = picrate, n = 3, and the subscripts o and w
denote the presence of the species in the organic or aqueous phase.
The assumptions are made that the partition of the ligand to the
aqueous phase is negligible ([L),, = 0). The presence in the organic
phase of M(Pic); and M - X3 - L species (with X' = NO7 or CI7;
the initial anions of the salts) and the extraction ol mixed com-
plexes (M + X, * X(—py * L) is also negligible, as was confirmed by
control experiments. The extraction coefficient for the 1:1 com-
plexation K, 1s then described by eq. 3:
[Eu ' PiC3 : L]U

= 3
o = B Ty PicTo - [ &

As the extraction coefficients (K,,) cannot be determined from log
D vs. log [L], plots®¥, the K, values for the 1:1 complexes have
been calculated from eq. 3 applying the method developed by Cram
et al.['8 Assuming that, when (i) [L],; = [Ew**]w; = 1074 M, the
cation is extracted in a 1:1 stoichiometry, and (i1) the variation in
the aqueous picrate concentration, [PicT], 1s negligible as
[Pic ], = [P1C7 ]y = 10~ M, the extraction coefficients for the 1:1
complexes K., are expressed by eq. 4

E |
KEK — 3 . 3 (4)
([Ew ]w.i —E- [L]-:J,i) - ({P1c ]w.i)' ' (I — E)

The distribution coefficient D is defined by the general ex-
pression in eq. 5 as the ratio of the metal concentration in the
organic and in the aqueous phase:

X (M), I3

Pwm Y M)y 1-E ()
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