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Abstract. Six new calix[4]arene derivativ@a—f have been the best extraction results were found for the 1,2-dimeth-
synthesised, bearing CMPO-like functions (-NH-C(O)-€H oxy-3,4-dipropoxy derivativécamong the calixarenes and
P(O)Ph) at their wide rim. They differ by their alkoxy groups for the tetrame6d among the linear compounds. Extraction
at the narrow rim, comprising all possible combinations ofof americium(lll) in comparison to curium(lll) and various
methoxy andsynpropoxy groups including the conforma- lanthanides(Lalll), Ce(lll), Nd(lll), Sm(lll), Eu(lll)) from
tionally mobile tetramethyl eth@eand the tetrapropyl ether 0.1—-34 HNO,to NPHE @-nitrophenyl hexyl ether) was most
2f fixed in the cone conformation. Their extraction behav-effective again fo2c. Among these cations, the highest dis-
iour for thorium(lV) and several lanthanides(lll) frorm 1 tribution coefficients were found for Am(lll) and the lowest
HNO; to dichloromethane has been studied and comparefbr Ce(lll) with a maximum generally in the range of M4-2
also to non cyclic calixarene analoges-e. Surprisingly ~ HNO,.

Nuclear waste reprocessing is a current topic of great Y
importance. Presently plutonium and uranium are ef- (O 5
fectively removed from nuclear waste streams by the {@»
PUREX process [1]. This leaves a waste stream contai-
ning long lived radio-nuclides which are bg@randy )\
emitters as well ag emitters. The latter class of com- |
pounds includes the actinides which, if efficiently re-)i G ﬁ@ A°
moved, can be transmuted to non-radioactive or shoit =~ © °
lived nuclides. 1 2

Separation of lanthanides and actinides from nuclear
waste is presently achieved using the TRUEX process Calix[4]arenes [7, 8] are macrocycles which have
[2] which utilises CMPQ (octyl phenyN,N- diisobutyl ~ been used in numerous ways as a platform for the de-
carbamoylmethyl phosphine oxida} the extractant. sign of ligands [9]. They contain hydroxyl groups at the
Although this is rather efficient it shows little discrimi- narrow rim which are small enough to pass through the
nation between lanthanides and actinides. We have prennulus. Tetr&-alkylation with residues greater than
viously shown that the attachment of four CMPO-like ethyl blocks this rotation and fixes the molecule in a
moieties to the wide rim of a calix[4]arene not only great-certain conformation. However, the tetramethyl ether(s)
ly enhances extraction [3], but also imparts a selectivityshow a flexibility similar to the parent calix[4]arenes
for actinides and lighter lanthanides [4]. This increaseand can assume all four possible conformers ("cone”,
in extraction for molecules of typeis believed to be “partial cone”, ”1,2 alternate”, 1,3 alternate”). In con-
due to the co-operative action of the ligating functionstrast to the parent calix[4]arenes which exist exclusive-
since studies on CMP®Ohave shown three ligands to ly in the cone-conformation, due to intramolecular hy-
be required per cation [5]. However, to date the actuadlrogen bonding between their hydroxy groups, the te-
composition and conformation of the extracted specietramethyl ethers exist as a mixture of conformers where
are unknown [6]. the partial cone is usually preferred [10].
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Whilst the first wide rim CMPO-calixarenes were to give the five nhovel liganda—e. These synthetic steps
derived from tetraethers fixed in the cone conforma-are illustrated for a single phenolic unit in Scheme 1.
tion, we found serendipitously that the extraction prop- In contrast, the synthetic strategy for the calix[4]arene
erties are significantly changed if larger alkoxy groupsderivatives was based upipso-nitration of the corre-
are partly replaced by methoxy groups. Such mixedponding tetraethers tbutylcalix[4]arene, which were
ethers can adopt a number of conformations dependingptained in one or two steps frarhutyl-calix[4]arene.
on the substitution pattern. In this study we describe thExhaustive alkylation dtbutyl-calix[4]arene proceed-
preparation of a complete series of mixed propyl methed under mild conditions (8 mol NaH per mol calix-
yl ether extractants and investigate the influence of theiarener.t.) leading to the known tetraalkyl eth&es-g.
structure on extraction. Results for the correspondindpartial O-alkylation of calix[4]arene with propyl bro-
linear oligomers are also included for comparison.  mide was achievedia three procedures [12]. Alkyla-

tion using a large excess of NaH as base and a slight
excess (2.2 mol) of propylbromide at room temperature

Results and Discussion furnished the 1,2-diethéfc [13]. From the complex
reaction mixture the tripropyl eth&d could also be
Syntheses isolated [14]. The monopropyl ethég, in contrast, was

The preparation of the linear CMPO oligomers startgbtained using the very weak base (or hydrogen bond
with p-nitrophenol 8a) and its linear oligomer3b—e  acceptor) Csk (1.2 mol) and 1.1 mol of propyl bromide
previously described (bisbromomethylation of the n-mes@t 40 °C [15]. The 1,3-dieth@ib was efficiently pre-
and subsequent condensation with exqesitrophe- ~ pared under well known standard conditions using
nol gives the (n+2)-mer) [11]. These oligomers wereK,CO; as base (2.2 mol) and 2.2 mol of propylbromide
alkylated with propyl bromide in refluxing acetone in [16]. These partial ethers were exhaustively alkylated
the presence of potassium carbonate. Catalytic hydrdn treatment with methyl iodide using a modification
genation (H/Pd/C) furnished the amin&g—e which  Of our published procedure [3]. These synthetic steps
were efficiently acylated with-nitrophenyl (diphenyl- ~are summarised in Scheme 2. The composition and the
phosphoryl)acetate, an active ester described before [Jjtructure of the partially propylated compoufTds-d
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Scheme 2Synthesis of mixed methyl/propyl eth&s—d of
t-butyl calix[4]arene and of tetraethers with identical alkoxy
Scheme 1Synthetic strategies for the preparation of CMPO-groups8e—g. (The characterization by letteasg holds also
calixarenes ) and their non cyclic analogs shown for a  for the subsequent reaction steps. 9 - 10 —» 2, compare
single phenolic unit. Scheme 1.)
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was proved by their mass aHd NMR spectra which tion values for europium, allowing to distinguish be-
confirm also thesyn arrangement of the propylether tween the different ligands, while lanthanum is nearly
groups in7b—d. In contrast to the mixed etheBa—d  quantitatively extracted (%E = 98—100) and ytterbium
[17] these partial ethers assume a cone conformatioonly sparingly, due to the strong preference for the light
due to intramolecular hydrogen bonding which enablesanthanides [4]. Meaningful extraction values for thor-
an unambiguous NMR analysis. For this reason itis alsium could be obtained only whem was lowered to
important to introduce the propyl ether residues first tal0-4 M.
ensure theisynarrangement. Under these conditions all the CMPO calix[4]arenes
All tetraethers8a—g were efficientlyipso-nitrated  2e—gwith identical ether groups show the same extrac-
(fuming HNGQy/glacial acetic acid in dichloromethane tion (60—62%) for TH" while the mixed ethera—f
atr.t.) to furnish the tetranitro compounfla—g. Re-  show slightly but still significantly higher values of 66—
duction to the desired amin&8a—g was achieved by 70%. Stronger differences are found forPEwhere
hydrazine in the presence of Raney nickel, apart fronthe tetramethyl ethe2e shows the lowest (35%) and
the reduction of the nitro compou®é which proved the 1,2-dietheBc the highest extraction ability (73%).
possible only with SnG! Acylation withp-nitrophenyl  This means, that the distribution coefficiéht= %E/
(diphenylphosphoryl)acetate finally gave the ligands(100-%E) is higher by a factor of 5. But also the tetra-
2a—0. Scheme 1 summarises these reaction steps forpropyl ether shows good extraction (64%), and all the
single phenolic unit. other calixarenes are found inbetween. No easy expla-
All the conformationally mobile compounds gave nation is evident for these results.
highly complex!H NMR spectra, but could be identi-  For the ligandfc, 2e, and2f the extraction of Ei
fied conclusively from their FD-mass spectra. Bo®  was studied also as a functionopf Fig. 1 shows plots
and10the M peak was found in high abundance as theof log Dvs logc, which are linear with slopes close to
only peak in this mass region. An*Npbeak was also two (2c: 1.89,2e: 1.97, an®f : 1.89) suggesting that
observed for the tetra-CMPO calix[4]arerisvhich,  the cation is probably extracted as a 1:2 complex
however, showed appreciable fragmentation like thei{metal:ligand). This is in agreement with former stud-
non cyclic analogues. Their purity was confirmed by ies on similar compounds [3] while calix[4]arenes bear-

TLC analysis. ing CMPO-functions on the narrow rim gave a slope
close to one under analogous conditions [9]. Although
Extraction studies a 1:2 complex is difficult to envisage with these rather

bulky ligands of the podand type, it is not impossible

All the ligands synthesise@,(6) were studied as ex- according to CPK-models.
tractants of thorium(IV) and lanthanide(lll) nitrates from  Table 2 contains selected values for the extraction of
an aqueous acidic solution( = 10 M, ¢c(HNO;) =  Ew* and TH* with the linear oligomeréa—f. As ex-
1m) into dichloromethane. The extraction result2®+  pected, their extraction ability increases from the mon-
g are collected in Table 1. In addition to the conforma-omer to the tetramer (f@a,b the ligand concentration
tionally fixed tetrapropyl ethedf the tetrapentyl CMPO- ¢, had to be increased by a factor of 10, to get meaning-
calix[4]arene2g was used as a standard for comparafu| extraction), but it decreases again for the pentamer
tive purposes like in similar studies [9]. As describedsf. In comparison to the calixaren2a—f the tetramer
previously calix[4]arenes of tygare highly efficient  6d shows a similar extraction ability for Eu56%ver-
extractants for lanthanides which require concentrationsus 35—73%) but is distinctly less effective for4Fh
of 1/100 or less in comparison to CMR@ reach the  (35%vs 60—70%).
same extraction levels [3]. We have chosen a concen-
tration ofc, = 10-3M which leads to reasonable extrac-
Table 1 Extraction Percentages of lanthanide and thorium1 ]
nitrates €,, = 10* M) by CMPO calix[4]arene@a—g from
1M HNO; aqueous solution into dichloromethanhe 20 °C).

La(NO,), Eu(NO),  Yb(NO), Th(NO,), :
Ligands ¢ =10°M ¢ =10°M ¢ =10°M ¢ =10*M 0

S

2a 98+1 45+1 <2 69+1

2b 99.4+0.2 48+2 5+1 66 + 2

2c 100 73+1 3.4+0.7 70+1

2d 100 601 <2 66 =2

2e 99+1 35+2 3+2 60+1 -1

2o 98+1 64+1 66+04  61.8£04 Fjg 1 Plot of log D versus log, for the extraction of Eif
29°) 98 58 3 61 from M HNO, (¢, = 104 M) to dichloromethane by CMPO-
3 Values from ref. [9] calixarene2c (@), 2e(H), and2f (a ).
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Table 2 Extraction percentages of europium and thorium ni-  ggg+

trates by linear CMPO compoun@s—e from 1M HNQ, q
aqueous solution into dichloromethane (T = 20 °C). [==[o
500+ JAm
Eu(NQy) Th(NOy), BIEu
Ligands ¢ =102M ¢ =10°M ¢ =103M ¢ =10*M q ezasm
400+ [CINd
6a 4+2 - 6+2 - [JcCe
6b 241 - 18+2 - _ L
6C - 232 - 6+2 D 300
6d - 56.5+0.3 - 35+2
6e - 38.1+0.8 - 31+2
200 7

For the calix[4]arenega—f the extraction of acti-
nides ¢41Am, 244Cm, about 1000-1500 kBg/l) and lan-  1qp.] ;
thanides (La, Ce, Nd, Sm, Eq, = 10° M) ) with
o-nitrophenyl hexyl ethere{ = 103 M) was also stud- 0 : 3
ied for different concentrations of nitric acit{KINO,) 23 2b 2c

= 0.01-44). For all compounds and for all cations the Fig. 3 Extraction of different cations, expressed by the dis-

distribution Coeffiqienf(ID =2 ¢(M) 42 c(M), ) at the tribution coefficient D, from & HNO, to o-nitrophenyl hexyl
lowest concentration is very small (partly < 1), reachessiher (NPHE) by different CMPO-calixarers—g
a maximum foic(HNO,) = 1- 4 and decreases again

for the higher concentrations of HNCSome typical ] ] ]
examples are shown in Fig. 2. In Fig. 3 the extraction N general, the 1,2-di-propyl ethgeis again the best
abilities of the different calixarenes for the different €xtractant for all cations, showing g pwhich is near-
cations are compared fofHNO,) = 3v, since most ly five-times higher than that &if. The ratio is even
interesting from a technical point of view is the extrac-Nigher (up to nine-times) f@HNO;) = 1.5-2 M). The
tion from highly acidic solutions. 1,3-di-propyl ethe2b still extracts Am* best, while
Within the lanthanides Nd, S+, Ei* the usually Nd3* is best extracted Bd and2f. Thus there are dif-
observed decrease of D with decreasing ion radius i&rences, not only in the extraction ability (expressed
found [4], which means the lighter Ridis better ex- DY D) but also in its selectivity. _
tracted than the heavier EuLa®* has in some cases  Often the ratio [ /D, is taken to characterise the
slightly lower D-values than N, but striking are the selectivity of actinides over lanthanides. This value,
very low distribution coefficients of @& In contrastto  Which generally decreases with increasing concentra-
the other lanthanides cerium may be oxidised ttr,Ce fion of HNQ; shows small variations from compound
but considering the results described above fdr Th t© compound. The highest valuecgtiNO;) = 0.1m is
this does not necessarily offer an appropriate explangotained for2a (12.5), and at(HNO;) = 4v for 2b
tion although the ionic radius of €ds distinctly smaller ~ (8.4). CMPQL itself, which has to be applied in a con-

than that of C&-. centration of 0.2@ to obtain distribution coefficients
of nearly the same size, has ratigg D¢, between 2
1400 - and 1.4.
1200 %/} Conclusion

The substitution pattern at the narrow rim clearly has a
significant influence on the extraction efficiency of wide
rim CMPOs, but it is difficult to propose a convincing

explanation. A complete rotation of an anisol unit (to
v—__ 5\ form the partial cone or an alternate conformation) has
- \'\' not necessarily to occur. The different sizes of the ether
\n\A residues may also allow a more subtle distortion of the

; ' . cone conformation to adopt the best fit for a given cat-
o(HNO M ion. Furthermore differences in the lipophilicity of the

Fig. 2 Distribution coefficient D as function of c(HNDfor C?“X%riﬁn?ﬁ_f C?:Tr? t bexter mltrieOIZ rslgﬁetig\% Tf?g\:\?eireer
the extraction of different cations (&m(@), E?* (A ), L& alSo dilferences e extrac Ys '

(') o-nitropheny! hexyl ether to (NPHE) by different lig- the preference for actinides over lanthanideg, (D),
ands Qb eees, 2c— 2f - - - -). Estimated errors are indicat- although distinctly higher than fdr, could not be in-

ed by bars only where they are distinctly larger than the symcreased much in mixed etheéta—d in comparison to
bol. compoundfe—g with identical ether residues.
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These studies were supported by the Commission of the Ewdkylation (General Procedure)

ropean Communities (contract F12W-CT96-0022). A suspension of 4-nitrophendd) or one of its linear oli-

gomers3b—e (1 mmol) was dissolved in acetone (2 ml) un-
der argon. KCO, (1.5 mol per OH) was added followed, af-
ter 30 min, by propyl bromide (2 mol per OH). The suspen-
sion was stirred at room temperature for 3d. The solvent was
General remarksMelting points were determined on Dr. removed under reduced pressure and the residue partitioned
Tottoli’s (Blichi) melting point apparatus and are uncorrectbetween water and dichloromethane. The organic layer was
ed.’H NMR spectra were recorded on a Bruker AC200 atextracted twice with 15% NaOH solution, washed with water

Experimental
Syntheses

200 MHz, unless otherwise stated. FD mass spectra were rend dried over sodium sulphate.

corded on a Finnigan MAT 8230 spectrometer (5 kV, 10 mA/

min).

Linear Compounds

4,4'-dinitro-2,2'-methanediyl-diphenol (or 2-(2-hydroxy-5-
nitrobenzyl)-4-nitrophenolBb) and2,6-Bis-(2-hydroxy-5-ni-
trobenzyl)-4-nitrophenof3c) were prepared in 90 and 72%
yield according to literature procedures [3, 11] usingbibe
bromomethylated instead of thes-chloromethylated deriv-
ative for the synthesis @t.

6,6'-Bis-(2-hydroxy-5-nitrobenzyl)-4,4'-dinitro-2,2'-methan-
ediyl-diphenok3d)

(a) BromomethylationA stirred mixture of dime8b (10 g,
34 mmol), paraformaldehyd (2.25 g, 75 mmol), ZnCO

(0.7 g), 33% HBr in glacial acetic acid (50 ml) and acetic(374.39)
anhydride (1.37 ml) was heated to 70 °C for 20 min. After
4 h reflux, petroleum ether (80—100 °C) was added, the pr
cipitate was filtered and dried over KOH. Recrystallisation

4-Nitrophenyl propyl ethef4a)

[18] Transparent oil. Yield 92%."H NMR (CDCL,): d/ppm=
1.05 (t, 3H3J = 6.4 Hz, CH), 1.95-1.70 (m, 2H, C}},.4.03
(t, 2H,2)=6.5Hz, CH), 6.95 (d, 2H3J = 9.2 Hz, ArH), 8.20
(d, 2H,33 = 9.2 Hz, ArH).

CgH,;;NO; Caled.: C59.66 H6.12 N7.73
(181.19) Found: C59.56 H6.22 N7.70.
2-(2-Propoxy-5-nitrobenzyl)-4-nitrophenyl propy! etliéi)
White solid (recrystallised from MeOH). Yield 51%.p.
165-166 °C. <tH NMR (CDCL): &ppm = 1.05 (t, 6H3J =
6.0 Hz, CH), 2.01-1.80 (m, 4H, ArOC}€H,), 4.02—-3.90
(m, 6H, ArCHAr + OCH,), 6.69 (d, 2H3J = 8.0 Hz, ArH),
8.28-7.95 (m, 4H, ArH).

C,HN,Of Caled.: C60.94 H5.93 N7.49

Found: C60.49 H591 N 7.39.

2,6-Bis-(2-propoxy-5-nitrobenzyl)-4-nitrophenyl propyl ether

T4

from ethyl acetate/petroleum ether (80—100 °C) gave the bisVhite solid (recrystallised from MeOH). Yield 52%1p.

bromomethylated dimer as white powder (11 g, 68%).
235 °C. —H NMR (acetone-g: dppm = 4.28 (s, 2H,
ArCH,Ar), 4.85 (s, 4H, ArCHBr), 8.01 (d, 2HAJ = 2.9,
ArH), 8.30 (d, 2HAJ = 2.8, ArH).

(b) CondensationThe bis-bromomethylated dimer (3 g,
6.32 mmol) was dissolved in moltgnnitrophenol (22.4,

160 mmol). ZnCJ (2 g, 20 mmol) was added to the solution,
and the mixture was kept at 120—130 °C under nitrogen fo
4 h. Hot water was added, and the greenish yellow precipita

149-150 °C. 2H NMR (CDCL,): dppm =0.91 (t, 6H.3] =
6.1 Hz, CH), 1.03 (t, 3H3J=6.0 Hz, CH), 1.92-1.68 (m,
6H, ArOCH,CH,), 3.84 (t, 2H3] = 6.6 Hz, ArOCH) 4.04 (t,
4H,3) = 6.4 Hz, ArOCH), 4.07 (s. 4H, ArCHAr), 6.91 (d,
2H,3) = 8.0 Hz, ArH), 7.82 (s, 2H, ArH), 8.00 (d, 2#J,=
2.8 Hz, ArH), 8.15 (d, 2HJ = 8.0 Hz, ArH). — FD-MSr(/2):
567.3 (M).

Found: C61.05 H6.01 N 7.38.

éngggNgo9 Calcd.: C61.35 H5.86 N7.41

67.2)

was isolated and dissolved in 5% NaOH solution. The te6,6'-Bis-(2-propoxy-5-nitrobenzyl)-4,4'-dinitro-2,2'-methane-
tramer3d was obtained by dropping the brownish alkaline diyl-di(phenyl propy! etherj4d)

solution after filtration into an excess of diluted HCI. Theynjte solid (recrystallised from MeOH). Yield 56%.p.
precipitate was filtered, dried over KOH and recrystallised; 30-131 °C. 2H NMR (CDCL): dppm = 0.93 (t, 6H3J =

from acetone to obtaidd as a white solid (2 g, 53%n.p.
255 °C. —H NMR (acetone-g: dppm = 4.02 (s, 4H,
ArCH,Ar), 4.12 (s, 2H, ArCHAr), 7.12 (d, 2H3J = 9.1,
ArH), 7.86 (d, 4H4) = 2.7, ArH), 8.16-7.95 (m, 4H, ArH).

2,6-bis-(2-hydroxy-3-(2-hydroxy-5-nitrobenzyl)-5-nitroben-

zyl)-4-nitrophenol 8e) was prepared using the same proce-

dure described fa3d.

(a) Bromomethylation.Yield 72%;m.p. 190 °C. —
H NMR (acetone-g): dppm = 4.26 (s, 4H, ArChAr), 4.83
(s, 4H, ArCHBI), 7.95 (d, 2H = 2.9, ArH), 8.03 (s, 2H,
ArH), 8.26 (d, 2HAJ = 2.9, ArH).

(b) CondensationYield of 3e 80%;m.p. 269 °C. -*H NMR
(acetone-g): dppm = 4.18 (s, 4H, ArCHAr), 4.24 (s, 4H,
ArCH,Ar), 7.10 (d, 2H3J = 9.1, ArH), 7.99—-7.93 (m, 4H,
ArH), 8.02 (d, 2H4J = 2.9, ArH), 8.07 (d, 2HJ = 2.9, ArH),
8.15 (d, 2H32J = 9.0, ArH).

268

6.1 Hz, CH), 0.99 (t, 6H3J = 6.0 Hz, CH), 1.87-1.73 (m,
8H, CH,), 3.79 (t, 4H3J = 6.1, ArOCH), 4.00 (t, 4H3J =
6.1, ArOCH), 4.08 (s, 4H, ArCHAr), 4.15 (s, 2H, ArCHAr),
6.91 (d, 2H,3) = 8.0 Hz, ArH), 7.77 (d, 2H4J = 2.9 Hz,
ArH), 7.86 (d, 2HAJ = 2.9 Hz, ArH), 8.03 (d, 2HJ = 2.9
Hz, ArH), 8.13 (d, 1H2J = 2.4 Hz, ArH), 8.18 (d, 1HJ =
2.5 Hz, ArH).

C3H,N,O,, Caled.: C61.57 H5.83 N7.36
(760.80) Found: C61.84 H5.75 N7.38.

2,6-Bis-(2-propoxy-3-(2-propoxy-5-nitrobenzyl)-5-nitroben-
zyl)-4-nitrophenyl propyl ethdee

White solid (recrystallised from MeOH). Yield 58%;p.99—
100 °C. —H NMR (CDCL): dppm =0.98 (t, 6H,3] =
6.1 Hz, CH), 1.01 (t, 9H3J = 6.0 Hz, CH), 1.86-1.73 (m,
10H, CH,), 3.87—3.78 (m, 6H, ArOC}, 4.01 (t, 4H3] =
6.1, ArOCH), 4.12 (s, 4H, ArCHAr), 4.17 (s, 4H, ArCHAr),

J. Prakt. Chenil999 341, No. 3



Conformationally Mobile Wide Rim CMPO-Calixarenes FULL PAPER

6.91 (d, 2H3) = 8.0 Hz, ArH), 7.76 (d, 2HJ = 2.9 Hz,  dichloromethane. The organic layer was washed repeatedly
ArH), 7.81 (s, 2H, ArH), 7.86 (d, 2KMJ = 2.9 Hz, ArH), 8.03  with 10% NaOH, subsequently with brine, dried and the sol-
(d, 2H,43 = 2.9 Hz, ArH), 8.13 (d, 1HJ = 2.4 Hz, ArH),  vent evaporated. Precipitation from chloroform/methanol gave
8.18 (d, 1HAJ = 2.5 Hz, ArH). the desired product.
(C94§z|_58'8|)5015 C;gﬁﬂd CC6611.§§8 HH55'?712 NN77'_3241_ 4-Q|phen'ylph'osphoryl-acetam|d0phenyl propy! et(Gz)
White solid. Yield 68%mp. 181-183 °C. 4H NMR (CDCL):

Hydrogenation of the Nitro Compounds 4a-e (General ~ 9/PPmM = 1.03 (t. 3H}J = 6.3 Hz, CH), 1.92-1.65 (m, 2H,
Procedure) CH,), 3.46 (d, 2H2) = 13 Hz, POCH), 3.85 (t, 2H3) = 6.4

. _ _ Hz, ArOCH,), 6.75 (d, 2H3J = 8.5 Hz, ArH), 7.60—7.30 (m.
A catalytic amount of Raney nickel (washed with EtOH) wasgH, ArH + POArH), 7.85—7.65 (m, 4H, POArH), 9.45 (s,
added to a solution dla—e (1 mmol) in dry toluene (100 ml)  1H, ArNH). — FD-MS (n/2: 393.1 (M).
and the mixture stirred at room temperature undefitra- C,H,,NPO, Calcd.: C70.20 H6.15 N 3.56
tion and evaporation of the solvent gave the correspondingz93.4) Found: C70.22 H6.28 N 3.56.
amino compoundSa—e as transparent oils which could be

used for the next step without further purification. 2-(2-Propoxy-5-diphenylphosphoryl-acetamidobenzyl)-4-

(diphenylphosphoryl-acetamido)phenyl propyl et{h)
4-Aminopheny! propy! eth¢ba) White solid. Yield 79%;m.p. 100-101 °C~ H NMR
Yield 82%. —H NMR (CDCL): dppm = 1.01 (t, 3H3J = (400 MHz, CDC}): d/ppm = 0.96 (t, 6H3J = 6.0 Hz, CH),
6.1 Hz, CH), 1.81-1.67 (m, 2H, C}), 3.15 (br s, 2H, Ni),  1.72-1.64 (m, 4H, C}J, 3.52 (d, 4H2J = 13.0 Hz, POCH),
3.85 (t, 2H23J = 6.1 Hz, ArOCH), 6.61 (d, 2H3J = 8.1 Hz, 3.72 (s, 2H, ArCHAr), 3.77 (t, 4H.3] = 6.0 Hz, ArOCH),
ArH), 6.78 (d, 2H3J = 8.1 Hz, ArH). 6.54 (d, 2H3J = 8.0 Hz, ArH), 6.70 (s, 2H, ArH), 7.32 (d,
2H,3J = 8.1 Hz, ArH), 7.49-7.35 (m, 12H, POArH), 7.85—

2-(2-Propoxy-5-aminobenzyl)-4-aminophenyl propyl ether7_70 (M, 8H, POATH). 9.73 (s, 2H, ArNH),. — FD-MS/Q):

(S.b) 1 799.1 (M).

Yield 95%. —H NMR (CDCL): dppm = 0.96 (t, 6HJ = ¢ _H N,P,0,.2H,0 Calcd.: C67.62 H6.28 N 3.36

6.1 Hz, CH) 1.89-1.56 (m, 4H, C}), 3.14 (br s, 4H, ArNk), (798.6) Found: C67.59 H6.50 N 3.29:
3.97-3.73 (m, 6H, ArCEAr + ArOCH,), 6.54—6.34 (m, 4H, ) _ '

ArH), 6.67 (d, 2H3J = 4.0 Hz, ArH). 2,6-Bis-(2-propoxy-5-diphenylphosphorylacetamidoben-zyl)-

5 (2 inob | i oohenol I4-diphenylphosphorylacetamidophenyl propy! etft)
e{ﬁe?gc() propoxy-5-aminobenzyl)-4-aminophenol propyly, e solid. vield 53%m.p. 130—133 °C. *H NMR

) (400 MHz, CDCI): d/ppm = 0.90 (m, 9H, C}J, 1.72-1.64
Yield 80%. H NMR (CDCL): &/ppm = 0.96 (t, 9HJ=6.1 (m, 6H, CH), 3.56—3.40 (m, 6H, POCH 3.72 (s, 4H,
Hz, CH,), 1.90-1.56 (m, 6H, C}), 3.06 (brs, 6H, ArNB),  ArCH,Ar), 3.77 (t, 6H3] = 6.0 Hz, ArOCH), 6.62 (d, 2H,
3.93—3.70 (m, 10H, ArClAr + ArOCH,), 6.66 (d, 2H3J = 33=8.0 Hz, ArH), 6.76 (br s, 2H, ArH), 6.85 (br s, 2H, ArH),
4.0 Hz, ArH), 6.60-6.30 (m, 6H, ArH). 7.35 (M, 20H, ArH and PArH), 7.65—7.85 (m, 12H, PArH),
6,6'-Bis-(2-pr0poxy-5-aminobenzyl)-4,4'—diamino-2,2'—meth-g)'?’i32%’é 55 (}\;')’ ArNH), 9.47 (br s, 2H, ArNH). — FD-M8/(
anediyl-di(pheny! propy! etherfsd) - C,.H,,N,P,0;-2H,0 Calcd.: C68.75 H6.18 N 3.39
Yield 92%. —H NMR (CDCL): ppm =0.87 (m, 12H, Chl,  (150477) Found: C 68.95 H6.44 N 3.37.
1.70 (m, 8H, CH), 3.11 (br s, 8H, ArNE), 3.68 (t, 4H3J = . _ .
6.2 Hz, OCH), 3.86 (t, 4H3) = 6.5 Hz, OCH), 3.88 (s, 4H,  6,6-Bis-(2-propoxy-5-diphenylphosphoryl-acetamidoben-
ArCH,Ar), 3.92 (s, 2H, ArCHAr), 6.22 (s, 4H, ArH), 6.41 zyl)-4,4'-bis-(diphenylphosphoryl-acetamido)-2,2"-methane-
(d, 2H,4 = 2.7 Hz, ArH), 6.48 (d, 2H3J = 8.5 Hz, ArH),  diyl-di(phenyl propyl etherj6d)
6.68 (d, 2H3J = 8.5 Hz, ArH). Yellow powder. Yield 68%m.p. 140—144 °C. 2H NMR

. . . (400 MHz, DMSO-¢): dppm = 0.85 (t, 12H3] = 6.0 Hz,
2,6-B|s-(2-prop_oxy-3-(2-propoxy-5-am|nobenzyl)-5-am|- (CH3), 1.72-1.48 (TT?,)SH,pg;bL 3_75_3(_44 (m, 12H, POGH
nobenzyl)-4-aminophenyl propy! ethe) + ATOCH,), 3.96—3.77 (m, LOHAICH,Ar + ArOCH,), 6.67
Yield 91%. -'H NMR (CDCL): &ppm = 0.88 (m, 15H, C}l,  (d, 2H,3J = 8.2 Hz, ArH), 6.73 (d, 2H\J = 2.0 Hz, ArH),
1.72 (m, 10H, CH), 2.65 (br s, 10H, ArNk), 3.68 (t, 6H,  6.86 (d, 2H,4] = 2.0 Hz, ArH), 7.01 (d, 2HJ = 2.0 Hz,
3]=6.6 Hz, OCH), 3.86 (t, 4H3J = 6.4 Hz, OCH), 3.88 (s,  ArH), 7.47—7.28 (m, 26H, POArH and ArH), 7.78-7.62 (m,
4H, ArCHAr), 3.92 (s, 4H, ArCHAr), 6.22 (s, 6H, ArH),  16H, POArH), 9.69 (s, 2H, ArNH), 9.70 (s, 2H, ArNH). —
6.41 (d, 2H4) = 2.4 Hz, ArH), 6.49 (d, 2H3) = 8.5 Hz,  FD-MS m/2: 1609.1 (M).
ArH), 6.67 (d, 2H?J = 8.4 Hz, ArH). CosHogN,P,0;, Calcd.: C70.88 H6.01 N 3.48
(1609.7) Found: C70.76 H5.96 N 3.32.

Preparation of the Linear CMPO Compounds 6a-e (Gen- 2,6-Bis-(2-propoxy-3-(2-propoxy-5diphenylphosphoryl-
eral Procedure) acetamidobenzyl)-5-diphenylphosphoryl-acetamidobenzyl)-
Amino compound5a—e (Immol) andp-nitrophenyl(di-  4-diphenylphosphoryl-acetamidophenyl propy! ettt
phenylphosphoryl)acetate (1.5 mmol per free,Nkkre sus- ~ White solid. Yield 60%m.p. 149150 °C. 2H NMR (400
pended in toluene (20 ml) containing triethylamine MHz, DMSO-d): &ppm = 0.96-0.73 (m, 15H, CH 1.77-
(10 mmol).The mixture was stirred at room temperature forl.47 (m, 10H, CH), 3.73—-3.42 (m, 16H, ArOCH POCH),
24h. The solvent was evaporated and the residue dissolved4n01-3.74 (m, 12H, ArC\r + ArOCH,), 7.10-6.74 (m,
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8H, ArH), 7.56-7.33 (m, 34H, POArH + ArH), 7.99-7.66 &ppm = 1.10 (m, 27H;Bu + CH,CH,), 1.20 (s, 18H(-Bu),
(M, 20H, POArH), 9.80 (s, 5H, ArNH). —FD-M8(2: 2015.7  1.22 (s, 9H{-Bu), 2.08 (sext, 2H3] = 7.3 Hz, OCHCH,),

(M™). 3.29-3.36 (m, 4H, ArCHAr), 3.78—-4.10 (m, 2H, OC}),
Ci1H1oNsP50;5-2H,0  Caled.: C 69.68 H 6.09 N 3.41 4.29 (d, 1H2) = 13.2 Hz, ArCHAr), 4.31 (d, 2H2) = 13.2
(2015.1) Found: C 69.26 H 6.56 N 3.54. Hz, ArCH,Ar), 4.48 (d, 1H3J = 12.2 Hz, ArCHAr), 6.89

(m, 2H, ArH), 6.95—-7.03 (br m, 6H, ArH), 8.91 (br s, 2H,
Calix[4]arenes OH). — FD-MS (m/2: 733.4 (M).
5,11,17,23-Tetra-tert-butyl-25,26,27-trinydroxy-28-propoxy- 5,11,17,23-Tetra-tert-butyl-25-hydroxy-26,27,28-tripropoxy-
calix[4]arene (7a) calix[4] arene-(7d) (as a by-product ofc)

p-tert-Butylcalix[4]arene (5.00 g, 7.69 mmol) was suspend-The precipitate obtained in an experiment descridsm/e

ed with CsF (1.39 g, 9.23 mmol) in DMF (130 ml). Propy! (starting with 5.00 g-tert-butylcalix[4]arene) was dissolved
bromide (7 ml, 7.72 mmol) was then added and the mixturén chloroform, washed with 10% HCI (30 ml) and brine
taken to 40 °C. The mixture was stirred for 72 h and then30 ml) and dried. Evaporation of the solvent gave a crude
cooled. 21 HCI (200 ml) was added and the mixture extract-solid. Gradient column chromatography (hexane/chloroform
ed with dichloromethane. The organic layer was dried andi:1, 3:1, 2:1) gave first 1.61 g (27%) of the trialkylated prod-
the solvent evaporated. The residue was dissolved in a mixtct 7d (while later fractions containétt); m.p. 193-196 °C
ture of dichloromethane/methanol (1:1) and filtered. Column(ref. mp. 194—-196 [20])R; = 0.53 (hexane/chloroform 4:1).
chromatography (chloroform) gave a white solid (3.14 g,—'H NMR (CDCL): &ppm = 0.81 (s, 18H;Bu), 0.94 (t, 3H,
59%).m.p. 234—236 °C (refmp. 238-239 °C [19])R; = 3J = 7.5 Hz, CHCH,), 1.08 (t, 6H3) = 7.3 Hz, CHCH,),
0.63 (chloroform/hexane 1:1).*H NMR (CDCL): d/ppm = 1.31 (s, 9Ht-Bu), 1.33 (s, 9H;-Bu), 1.89 (m, 4H, OCKCH.,,.),
1.19 (s, 9H-Bu), 1.20 (s, 18Ht-Bu), 1.22 (s, 9H{-Bu), 2.35(m, 2H, OCHCH,), 3.15 (d, 2H2) = 12.7 Hz, ArCHAX),
1.23 (m, 3H, CHCH,), 2.18 (sext, 2H3J = 7.3 Hz, = 3.22 (d, 2H,2) = 13.7 Hz, ArCHAr), 3.70-3.87 (m, 6H,
OCH,CH,.), 3.40 (d, 2H2J = 12.7 Hz, ArCHAr), 3.43 (d, OCH,), 4.32 (d, 2H2] = 13.2 Hz, ArCHAr), 4.35 (d, 2H2J
2H,2J=13.7 Hz, ArCHAr), 4.09 (t, 2H3J=7.1Hz,OCH),  =12.7 Hz, ArCHAr), 5.60 (s, 1H, OH), 6.49 (s, 4H, ArH),
4.27 (d, 2H2J = 13.7 Hz, ArCHAr), 4.36 (d, 2H23 = 12.7  7.03 (s, 2H, ArH), 7.13 (s, 2H, ArH). — FD-M8\(2): 774.8

Hz, ArCH,Ar), 6.84 (s, 4H, ArH), 6.98 (s, 2H, ArH), 7.03 (s, (M").

4H, ArH), 7.08 (s, 2H, ArH), 9.61 (s, 2H, OH), 10.2 (s, 1H,

OH). — FD-MS (/2: 690.8 (M). Exhaustive O-Methylation of Partial Ethers (General Pro-
cedure

5,11,17,23-Tetra-tert-butyl-25,27-dihydroxy-26,28-diprop- ) ] .

oxy-calix[4]arene(7b) The partiallyO-alkylated compound (1.00 mmol) was dis-

. . solved in DMF (20 ml) under argon. NaH (1.5 mol per mol
A suspension gi-tertbutylcalix[4]arene (8.00 g, 12.4 mmol) oy was added followed, after 30 min, by methyl iodide
and K,CO;(3.73 g, 27 mmol) in acetonitrile (300 ml) was (5 | per mol OH). The suspension was stirred at room tem-
heated at reflux under argon for 1 h. The solution was cooledq ature for 2 d. Water (30 ml) was added and the resulting

and then propyl bromide (2.46 ml, 27 mmol) added. The mixy e cipitate collected. It was dissolved in chloroform, washed

ture was kept at 70 °C for 2 days. The solvent was evaporat%th water and brine and dried. Evaporation of the solid fol-
and the residue taken up in a mixture of chloroform (200 mDiq\ed by precipitation from chloroform/methanol gave the
water (200 ml). The organic layer was separated, washed Witlesjred compounds as chromatographically pure white sol-

water (30 ml), brine (30 ml) and dried. Evaporation of thejqyg Only8awas purified by column chromatography.
solvent and precipitation from chloroform/methanol gave

4.62 g (51%) of the title compound as a white saticp. 5,11,17,23-Tetra-tert-butyl-25,26,27-trimethoxy-28-propoxy-
245-246 °C (refm.p. 247—-249 °C [20]R; = 0.31 (hexane/ calix[4]arene(8a)

chloroform 2:1). 2H NMR (CDCL): Jppm = 0.99 (51318"" Column chromatography (chloroform/hexane 1:1) Yield 71%;
t-Bu), 1.25 (m, 24Ht-Bu + CH,CH,), 2.02 (sext, 4H3J = m.p. 193-196 °C.R, = 0.74 (chloroform/hexane 1:1). —

3.93 (t, 4H23J = 6.4 Hz, OCH), 4.29 (d, 4H2J = 13.2 Hz, S '
ArCH,Ar), 6.84 (s, 4H, ArH), 7.02 (s, 4H, ArH), 7.89 (s, 2H, 5,11,17,23-Tetra-tert-butyl-25,27-dimethoxy-26,28-diprop-

OH). — FD-MS m/2: 732.9 (M). oxy-calix[4]arene(8b)
5,11,17,23-Tetra-tert-butyl-25,26-dihydroxy-27,28-diprop- Yield 92%;mp. 208-210 °CR; = 0.2 (hexane/chloroform
oxy-calix[4]arene(7¢) 4:1). — FD-MS (n/2: 760.8 (M).

p-tertbutylcalix[4]arene (10.0 g, 15.4 mmol) was suspendedd,11,17,23-Tetra-tert-butyl-25,26-dimethoxy-27,28-diprop-
in dry DMF (300 ml) under argon. NaH (1.71 g, 67.7 mmol) oxy-calix[4]arene(8c)

was added followed, after 30 min, by propyl bromide (3.08Yield 90%;m.p. 178181 °CR; = 0.31 (chloroform/hexane
ml, 33.9 mmol). The suspension was stirred for 24 h at room:4). — FD-MS (n/2: 761.5 (M).

temperature. Water (50 ml) was added and the resulting pre- .
cipitate collected and dried. Column chromatography (hex>:11:17,23-Tetra-tert-butyl-25-methoxy-26,27,28-tripropoxy-
ane/chloroform 1:1) gave the title compound as a white solig@lix[4]arene (8d)

(3.34 g, 30%)m.p. 108110 °C (refmp.119-121 °C [19]).  Yield 95%;mp. 202—204 °CR; = 0.84 (chloroform/hexane
R = 0.17 (chloroform/hexane 1:4).*H NMR (CDCL): 1:1). — FD-MS n/2: 789.1 (M).
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Tetra-O-Alkylation of t-Butylcalix[4]arene (General Pro-  5,11,17,23-Tetra-nitro-25,26-dimethoxy-27,28-dipropoxy-
cedure) calix[4]arene (90

NaH (3.12 g, 0,124 mol) and DMF (200 ml) were added to a'/€!d 83%; mp. 300-303 °CR; = 0.38 (chloroform). —
suspension op-tertbutylcalix[4]arene (10.0 g, 15.4 mmol) FD-MS (M/2:716.9 (M).

in DMF (300 ml) under argon. The suspension was stirred fob,11,17,23-Tetra-nitro-25-methoxy-26,27,28-tripropoxy-
1 h, and then the alkylating agent (0.124 mol) was added:alix[4]arene (9d)

Stirring was continued at room temperature for 2 d. Watetyield 74%; m.p. 288—-291 °CR; = 0.27 (chloroform). —
(100 ml) was added and the precipitate formed collected b¥D-MS (m/2: 744.6 (M).

filtration. The solid was dissolved in chloroform and WaShEdS,11,17,23—Tetra-nitro-25,26,27,28-tetra-methoxy-ca|ix[4]-
with 15% HCI and water. The organic layer was dried and th%rene(ge)

solvent evaporated. Precipitation from chloroform/methanolYield 85%; mp. 316318 °C (refmp. >300 °C [23])R, =
gave the desired compounds as white solids with sufficieng 3¢ (chlor,of.or.m). — FD-MSn/2: 660.4 (M. ’

purity. 5,11,17,23-Tetra-nitro-25,26,27,28-tetra-propoxy-calix[4]-

5,11,17,23-Tetra-tert-butyl-25,26,27,28-tetra-methoxy-cal-arene (9f)

ix[4] arene (8¢€) Yield 76%;mp. > 300 °C (refm.p. > 300 °C [23])R = 0.36

Yield 63%; m.p. 244—246 °C (refm.p. 226.5-228 [21]), (chloroform). H NMR (CDCL): &ppm = 1.00 (t, 12HJ =

R, = 0.34 (chloroform/hexane 1:1). — FD-M81/Q: 704.7 7.3 Hz, CHCH;), 1.89 (sext, 8H3J = 7.6 Hz, OCHCH,.),

(M*). 3.38 (d, 4H2) = 14.2 Hz, ArCHAr), 3.94 (t, 8H3J=7.6 Hz,
OCH,), 4.50 (d, 4H2] = 14.2 Hz, ArCHAr), 7.56 (s, 8H,

5,11,17,23-Tetra-tert-butyl-25,26,27,28-tetra-propoxy- ArH). — FD-MS m/2: 772.8 (M).

calix[4]arene (8f) 5,11,17,23-Tetra-nitro-25,26,27,28-tetra-pentoxy-calix[4]-

Yield 37%; mp. 236—237 °C (refm.p. 246-247 °C. [20])  arene(99)

R, = 0.78 (chloroform/hexane 4:1). *H NMR (CDCL):  vield 77%;mp. 246248 °C (refm,p. 251-253 [22]R, =

dppm =0.97 (t, 12HJ = 7.6 Hz, CHCH,), 1.06 (s, 36Ht- 0 87 (chloroform/methanol 30:1). H NMR (DMSO-d):

Bu), 2.00 (sext, 8H3J = 7.8 Hz, OCHCH,.), 3.09 (d, 4H, dppm = 0.90 (br t, 12H, C4€H,), 1.36 (m, 16H, €,CH,

2) = 12.2 Hz, ArCHAY), 3.79 (t, 8H,%) = 7.6 Hz, OCH),  cH,), 2.00 (br s, 8H, OCICH,), 3.68 (d, 4H2J = 14.2 Hz,

4.40 (d, 4HA) = 12.7 Hz, ArCHAT), 6.75 (s, 8H, ArH). —  ArCH,A), 3.97 (t, 8H3J = 7.1 Hz, OCH), 4.35 (d, 4H2) =

FD-MS (m/2: 817.1 (M). 13.7, Hz ArCHA), 7.63 (s, 8H, ArH). — FD-M31/2): 885.1
+
5,11,17,23-Tetra—tert—butyl—25,26,27,28-tetra-pentoxy—cal—('vI )-
ix[4] arene (89) Reduction of Nitro-calixarenes by Hydrazine (General
Procedure)

Yield 77%;m.p. 145—-147 °C (refm.p. 147—-148 °C [22]).
R, = 0.66 (hexane/chloroform 4:1).H NMR (CDCL): Hydrazine hydrate (10.5 ml, 216 mmol) was added to a sus-
dppm = 0.94 (t, 12H3 = 6.6 Hz, CHCH,), 1.06 (s, 36H, pension of a tetranitro calix[4]arene (1.94 mnaoi}i a cata-
t-Bu), 1.39 (m, 16H, 8,CH,CH,), 2.00 (quin, 8H3J = 7.3 lytic amount of Raney nickel in methanol (90 ml). The mix-
Hz, OCH,CH,.), 3.09 (d, 4H2J = 12.2 Hz, ArCHA), 3.83 ture was heated at reflux for 4 h and then filtered, whilst hot,
(t, 8H,3J = 7.6 Hz, OCH), 4.40 (d, 4H,2) = 12.2 Hz,  through Celité/. The filtrate was diluted with water and then
ArCH,Ar), 6.76 (s, 8H, AH). — FD-MS (n/2: 929.4 (M). extracted with dichloromethane (2 x 50 ml). The organic lay-
er was dried and the solvent evaporated. The resulting
tetraamines, characterised by FD-MS, were normally used
without further purification.

A mixture of glacial acetic acid (15 ml) and fuming nitric 5,11,17,23-Tetra-amino-25,26,27-trimethoxy-28-propoxy-
acid (15 ml) was added to a solution of fully alkylated calix[4]arene (103

calix[4]arene (2.81 mmol) in dichloromethane (90 ml). After _,. o )

1.5 h the solution turned from a deep black colour to orangeY'eId_ 94%; R, = 0.37 (chloroform/methanol 5:1).FD-MS
Water was added and the mixture stirred for 10 min. The wateqmlz)' 568.3 (M).

was decanted, and the organic layer washed with water (6 %11,17,23-Tetra-amino-25,27-dimethoxy-26,28-dipropoxy-
30 ml), dried and the solvent evaporated. Precipitation frontalix[4]arene (10b)

chloroform/methanol gave the desired compounds as palgield 84%;R; = 0.13 (chloroform/methanol 5:1). — FD-MS

Ipso-Nitration (General Procedure)

yellow solid of sufficient purity. (m/2: 596.6 (M).
5,11,17,23-Tetra-nitro-25,26,27-trimethoxy-28-propoxy- 5,11,17,23-Tetra-amino-25,26-dimethoxy-27,28-dipropoxy-
calix[4]arene (9a) calix[4]arene (109

Yield 74%; m.p. 309-311 °C.R; = 0.26 (chloroform). — Yield 93%;R; = 0.24 (chloroform/methanol 9:1). — FD-MS
FD-MS (m/2: 688.3 (M). (m/2: 596.9 (M).
5,11,17,23-Tetra-nitro-25,27-dimethoxy-26,28-dipropoxy-5,11,17,23-Tetra-amino-25-methoxy-26,27,28-tripropoxy-
calix[4]arene (9b) calix[4]arene (10d)

Yield 84%; m.p. 282—-285 °CR; = 0.33 (chloroform). — Yield 90%;R; = 0.36 (chloroform/methanol 5:1). — FD-MS
FD-MS (m/2: 716.5 (M). (m/2: 624.3 (M).
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5,11,17,23-Tetra-amino-25,26,27,28-tetra-propoxy-calix[4]- Cq,HggN,P,0;,-3H,0 Calcd.: C68.22 H5.85 N 3.46
arene(10f) (1565.5) Found: C68.27 H6.19 N 3.28.

The product was obtained as a white solid by precipitatiorp,11,17,23-Tetra-(diphenylphosphoryl)acetamido-25-meth-
from dichloromethane/hexane Yield 90fbp. 320-321 °C.  oxy-26,27,28-tripropoxy-calix[4]arengd)

Ry = 0.20 (chloroform/methanol 9:1.'H NMR (CDCL):  cojumn chromatography (chloroform/methanol 30:1). Yield
dppm = 0.92 (t, 12HJ = 7.6 Hz, CHCH,), 1.83 (sext, 8H,  9504:mp. 185-190 °CR, = 0.49 (chloroform/methanol 9:1).
3J =7.6 HZ, OCleﬂz), 2.89 (d, 4H?J =13.7 HZ, AI’CleI'), — EFD-MS (fn/z) 1595.4 (M)

3.43 (brs, 8H, Nb), 3.69 (t, 8HJ = 7.3 Hz, OCH), 4.28(d, ¢, H N,P,0,,-3H,0 Calcd.: C68.52 H5.99 N 3.40
4H, 23 = 13.2 Hz, ArCHAT), 6.06 (s, 8H, ArH). —FD-MS  (1593’6) Found: C 68.58 H6.26 N 3.14.

(m/2: 652.6 (M). ) .
. i 5,11,17,23-Tetra-(diphenylphosphoryl)acetamido-25,26,27,
5,11,17,23-Tetra-amino-25,26,27,28-tetra-pentoxy-calix[4]- 28 tetra-methoxy-calix[4]aren&2e)

arene(lOg) . , Column chromatography (chloroform/methanol 30:1). Yield
Yield 85% after precipitation from dichloromethane/hexane;sgo4: m p, 191-196 °C (deciR, = 0.41 (chloroform/metha-
m.p. 135-137 °C (dec) (refn.p. 136-137 °C [22]R = 0.22 g 9:1). — FD-MS if1/2: 1510.6 (M).

(chloroform/methanol 9:1)*H NMR (CDCL,): dppm = 0.89 CagHaN,P,0;,-3H,0 Calcd.: C67.51 H5.67 N3.58

(br's, 12H, CHCHj), 1.31 (br s, 16H 8,CH,CH;), 1.80 (br (1509 ) Found: C67.49 H5.94 N 3.47.
s, 8H, OCHCH,), 2.87 (d, 4H2J = 13.7 Hz, ArCHAr),

3.58 (brs, 8H, Nl), 3.71 (t, 8H3J = 7.1 Hz, OCH), 4.26 (d, 5,11,17,23-Tetra-(diphenylphosphoryl)acetamido—ZS,26,27,

4H,2) = 13.2 Hz ArCHAr), 6.07 (s, 8H, ArH). — FD-MS  28-tetra-propoxy-calix[4]areng2f)

(m/2: 765.0 (M). Column chromatography (chloroform/methanol 30:1). Yield
85 9%;m.p. 196—199 °CR. = 0.33 (chloroform/methanol 9:1).

5,11,17,23-Tetra-amino-25,26,27,28-tetra-methoxy-calix[4]-— IH NMR (CDCL): d/ppm = 0.91 (t, 12H3J = 7.1 Hz,

arene(108 CH,CH,), 1.79 (m, 8H, OCHKCH,.), 3.01 (d, 4H2J = 13.2

5,11,17,23-tetranitro-25,26,27,28-tetramethoxy—ca|ix[4]areneHZ’ ArCH,A), 3.71 (m, 16H, COCHPO + OCH), 4.25 (d,

- 4H,2) = 12.7 Hz, ArCHAI), 6.66 (s, 8H, ArH), 7.46—7.79
(600 mg, 0.91 mmol) and Sndk.26 g) were suspended in ’ ’ ' N '
ethanol (25 ml) and heated at reflux for 18 h. The hot mixtur m, 40H, PArH), 9.55 (4H, sNH). — FD-MS (n/2: 1622.6

: : . MH).
was poured onto ice and diluted with ethylacetate (200 ml) .
After 1 h of stirring, 4 HCI (200 ml) was added and the (Cl966';iﬁ'gl)4p4012 CF?)ISﬂd %7716155 HH559g3 NN33;4258

mixture stirred for a further 30 min. The organic layer was
then separated and washed with water and brine. The sol8;11,17,23-Tetra-(diphenylphosphoryl)acetamido-25,26,27,
tion was dried and the solvents evaporated to give a browR8-tetra-pentoxy-calix[4]aren&g)

glass (420 mg, 86%J = 0.18 (chloroform/methanol 9:1). vie|d 83%;mp. 206-211 °CR, = 0.39 (chloroform/metha-
FD-MS (m/2: 540.3 (M). nol 9:1).— 'H NMR (DMSO-d,): dppm = 0.87 (br s, 12H,
CH,CH, ), 1.32 (br s, 16H, B,CH,CH,), 1.78 (br s, 8H,
OCH,CH,.), 3.01 (d, 4H2J = 13.2 Hz, ArCHAr), 3.71 (br
were prepared in the same way as describegbfee by heat- m, 16H, OCH + COCH,PO), 4.23 (d, 4H2) = 13.2 Hz
ing the reactants at 50 °C for 18 h. Precipitation from chloro-ArCH,Ar), 6.66 (s, 8H, ArH), 7.47-7.79 (m, 40H, P—ArH),
form/hexane gave the desired product which was additional9.56 (s, 4H, NH). — FD-MSn(/2: 1734.5 (M).

ly purified by column chromatography as indicated. CiodH112N4P,O;,-3H,0 Calcd.: C69.86 H6.65 N 3.13

1733.7 Found: C 69.91 H6.30 N 3.08.
5,11,17,23-Tetra—(diphenylphosphoryl)acetamido-25,26,27—( ) oun

trimethoxy-28-propoxy-calix[4]arena)
Column chromatography (chloroform/methanol 30:1). Yield Extraction Studies
91%;mp. 176—-180 °CR; = 0.45 (chloroform/methanol 9:1).

(Diphenylphosphoryl)acetamido calix[4]arenes 2ag

— FD-MS {n/2: 1537.6 (M). Extraction to Dichloromethane
CoHgsN,P,O,,-3H,0 Calcd.: C67.92 H5.70 N 3.52 .
(1537.5) Found: C 67.72 H658 N 3.29. Solvents (dichloromethane [Carlo Erba, max 0.02% water,

stabilised with ethyl alcohol] and methanol [Carlo Erba,
5,11,17,23-Tetra-(diphenylphosphoryl)acetamido-25,27-99.9%)]) were used without further purification. Thorium(1V)
dimethoxy-26,28-dipropoxy-calix[4]arer{&b) and lanthanum(lll) were used as the nitrates: ThjiN&H,O

Column chromatography (chloroform/methanol 30:1). Yieldand La(NQ);-H,O (Merck p.a.) as purchased, while
959%;m.p. 184—188 °CR. = 0.37 (chloroform/methanol 9:1). EU(NGy);-xH,0 and Yb(NQ);-xH,O were prepared by re-

— FD-MS (n/2): 1566.2 (M). action of the corresponding carbonates with a nitric acid so-
Co,HgaN,P,0;,-3H,0 Calcd.: C68.22 H5.85 N 3.46 lution (Carlo Erba, 65% for analysis) following the literature
(1565.5) Found: C68.32 H6.03 N3.36. procedure [24].

) . . Stock solutions were standardised by complexometric
5,11,17,23-Tetra-(diphenylphosphoryl)acetamido-25,26-di-jtrations with EDTA in the presence of the appropriate indi-

methoxy-27,28-dipropoxy-calix[4]arer{2c) cator. Arsenazo(lll) (Aldrich) was used for the spectro-
Yield 90%;m.p. 184—189 °CR, = 0.45 (chloroform/metha- photometric determination of Ln(lll) and Th(IV) during ex-
nol 9:1). — FD-MS{n/2: 1567.4 (M). traction experiments.
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The percentage extraction of cations (%E) fromi&NO,
solution of lanthanide and thorium nitrates¢1M) into a

dichloromethane solution containing the ligand at various
concentrations (18— 104 M) has been determined at 20 °C  [°]
analysing the aqueous phase before and after extraction. The
conditions of a standard experiment have been previously

reported in detail [3], as well as the determination & £6

100 (A—-A)/(A,—A) andD = %E/(100-%E) and the theoret-

ical background of the log-log plot analysis.
Extraction to o-Nitrophenyl hexyl ether (NPHE)

[10]

[11]

Organic phases were prepared by dissolving a weighed amount
of extractant in NPHES( = 10-3 M), aqueous phases accord- [12]

ingly by dissolving a weighed amount of lanthanide nitrate

(cy = 10°M) in nitric acid solutions ranging from 1M to
4Mm. Actinides (Am, Cm) were used at trace lewg] € 10°—

109M corresponding to an activity of about 1500 kBg/l)

[13]

Equal volumes of organic and aqueous phases were shaken
for one hour and then separated by centrifugation. The initial
and final concentrations of lanthanides and americium in the
aqueous phases were determined by ICP-MS (Inductivelj14]
Coupled Plasma Mass Spectrometry). The activity of curium

in aqueous and organic phases was measured by liquid sci[nl—s]

tillation.
The distribution coefficient is defined &= 2 c(M),/~

¢(M) q (WhereZ ¢(M) ,,andz ¢(M),,, symbolise the sum of

the concentrations of all metal cation species in the organic
and in the aqueous phase). Values for D were calculated djt6)

rectly from the activity of both phases (case of Cm) or from

the concentrations in the aqueous phases befgrand after

extraction €) asD = (c;—c)/c (all other cations). An accuracy

of + 5% forD = 0.01 to 100 an#i10% forD > 100 (or < 0.01)
is estimated.
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