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Abstract

Cone calix[4]arenes substituted at the lower rim by one to four -CH 2P(O)Ph2 lunctionalities have been prepared in moderate 10

excellent yield, either directly from p-/ert-butylcalix[4jarene or piecewise from calix/41arenes containing easily removable protecting
groups, The X-ray structure of II calix14]arcne-dcrivcd tris-Iphosphine oxide) is presented. © 1997 Elsevier Science SA
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1. Introduction

Molecules containing a phosphine oxide functionality
continue to attract considerable attention [I - 5], espe
cially in view of their potential use as ligands for the
recovery of actinides from nuclear waste. Recent devel
opments in this area have been stimulated by the work
of Gatrone er al. [6,7] and of Conary et al. [8] using
carbamoylphosphine oxides (CMPOs). This class of
compound combines a phosphoryl subunit with an amide
donor and has been shown to behave as potentextrac
fonts of actinides from acidic media. A logical extension
to this area would involve the use of macrocyclic
matrices funct ionalized with mulliple phosphine oxides,
but surprisingly such materials are scarce [9]. In these
systems the macrocycle is intended to provide a plat
fonn that could promote synergy between the disparate
anchored binding functions. Of the many macrocyclcs
that could be considered for use as such platforms, the
calix[4]arenes offer many advantages.

The calix[4]arene matrix has been used to support
various phosphorus-containing ligands [10-30]. Indeed,
we have recently described synthetic methodologies
allowing construction of 1,3-difunctionalized cone
calix[4Jarenes bearing two phosphoryl arms and ap
pended chains equipped with a variety of donor sites
(e.g. esters [3IJ. amides[32], ethers [33]). Some of these
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compounds display valuable extractive properties to
wards the alkaline cations, and also for other monova
lent cations such as Ag" or Cu" [34,35]. In extending
the range of macrocyclic ligands having exo-( P =0)
and exo-(POII)) substituents [23,36,37], we now report
the preparation of new p-tert-butyJcalix[4]arene (J)
derivatives substituted with one or more phosphine
oxide moieties. The synthetic strategy developed herein
allows attachment of up to four -CH 2P(O)Ph 2 groups
on the lower rim of the caJixarene, according to a
predetermined pattern and with retention of the cone
conformation. The structure of a triply-phosphorylated
compound has been established by X-ray crystallogra
phy.

2. Results and discussion

For the phosphoryl-substituted calixarenes described
here, the phosphoryl groupls) (-CH 2P(O)Ph2) were
tethered to the rnacrocycle using a two-step approach.
In the first step, (i) an appropriate solvent/base couple
was used to deprotonate a hydroxy-substituted cal
ixarene precursor. Subsequent alkylation (in with
Ph 2P(O)CH 20Ts (Ts = 02S-P-C6H~,Me) or
Ph2P(O)CH 21 afforded the required material. The pre
cursor was either a generic caJixarene (i.e.• substituted
by four hydroxy groups) or contained the same number
of hydroxy groups as phosphoryl groups to be intro
duced. In each case, the isolated calixarene was found



462 C.B. Dielemon etal.I Iournal of Organometallic Chflll istry 545-546 (19971 46J-473

Table I
Important spectroscopic data of compounds L1 -LII

8(11-1)' 8(13C). li(3II')b

Compound R C6H2CHAHsC6H2 ~AIl C6H2CH2C6H2
OA: 08oAB 1Hz:)

Ll P(0 )Ph2 4.81; 2.73 ( 13) 2.08 32.2 25.6

L2 P1'h2 4.43: 2.87 (13) J.56 32.7 · 20.4

L3 4.97; 3.02 (13) 1.25 32.2 f 31.5 26.4
Me 4.21; 3.07 (13) 0.75 23.0

L4 4.97: 3.04 (14) 1.93
32.11nJ,c

25,8
H 4.41: 3.11 (13) 1.30 24,1

LS ill
4.69; 2.44 (13 ) 2.25

32.7 f 32.05
23.6

4.27; 3.00 (13) 1.27 25.4

u'

4.82: 3.25 (13) 1.57 32.\
1.6 4.67: 3.13(13) 1.54 31.9 26.6

4.29: 3.27 (14) 1.02 29.7

Ii

ilz

4,15: 3.18 (13)

4,48; 2.90 ( J3)

4,21:1 06 (13)

0.97

1.5fl

U5

n.f.'

32.0

31.5

25.6

22.2

24.1

1) 0

1)1

4,16: 3.00 (14)

4.64: 3.39 (13)
4.14; 3.39 (13)

1.16

1.25
0.75

30.9

32.8/32.2

24.1

27.9

' In CDCI 3•

bin CDCI; except for L6, L9 and LlO , in CH2Cl zIC6D6 •

cPeak not found.

to possess the cone conformation according to conven
tional analysis by J Hand 13C NMR spectroscopy (Table
l) [38].

2.1. Attachment of four phosphine oxide residues and
their subsequent reduction

Compound L1 was obtained in 80%yield by reaction
of p-tert-butylcalix[4]arene (1) with NaH and

Ph2P(O)CH20 Ts in toluene at 80°C (Scheme I). Con
sistent with a cone conformation, the bridging methy
lene carbon atoms of J} appear as a single peak at
32.22 ppm in the 13C NMR spectrum while the corre
sponding CH2 protons give an AB spectrum. The
chemical shift difference between the two non-equiv
alent'C H2 protons (A AL = 5A - 5B == 2.08 ppm, see
Table J) is larger than that found for 1, suggestingsome
structural modification of the calixarene. It is likely that
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spectrum at room temperature displays broad signals
that sharpen on warming, the spectra corresponding
then to a C,rsymmetrical species in solution. The broad
ness of the room temperature peaks is indicative of
dynamic equilibration under these conditions. Theexact
nature of the interconverting species is unknown, but
the observation of a non-zero "J(P-NCH 2) coupling
constant would appear to exclude fast transfer of 'Pd(C
() N)' units between phosphorus arums.

steric crowding by the phosphine groups and/or repul
sion between phosphoryl oxygen atoms serve to dimin
ish thecone angle of the calixarene. However, the solid
state structure of L1

, which was reported earlier, shows
little if any deviation from the normal shape found for
cone calixarenes [37].

Compound LI can be converted into the correspond
ing tetra-phosphine LZ by reaction with phenylsilane
used assolvent at 100°C (Scheme I). Since this reaction
requires about one week to reach completion, the tem
perature should be kept below 110°C in order to avoid
decomposition of theresultant phosphine. The31 P NMR
spectrum of LZ shows a singlet at - 20.4 ppm indicat
ing equivalence of the four phosphorus atoms. All I H
and 13C NMR spectral data were consistent with a cone
conformation. Compound LZ is thefirst known example
of a cone calix[4]arene bearing four phosphine ligands,
although a related compound has been reported by
Hamada et a1. [13] and tetraphosphites are well known
[10,22,39].

Ligand L2 provides the appropriate complexation
domain for binding four transition metal atoms. Thus,
reaction of L2 with [Pd(C () N)Clh (C () N = 0

C6H 4CH 2NMe2) (I Ligand: 2 dimers) gave the te
tranuclear complex 2 in quantitative yield. The FAB
mass spectrum of 2 shows a peak at 2510.8 (6%)
corresponding to the [M-CW ion with the expected
isotopic profile. The 31 P NMR spectrum exhibits a
single peak (slightly broad) at 33.1 ppm. The I H NMR

R=Me.3
R=Bz,4

I) 3.2BI18·

II) 3.2Ph,P(e)CH~eT.

THFIDMF (9:1), reIIux, 3d.

"bile: NeH. R.. Me
BuleN•• R• BE

Scheme 2.

Bu'

'W i) NaH (excesl) -e:ii) 4.2Ph~P(O)CH,oT.

," t . .. v 6'r .
HO OHOH OH toluene, 800c, 3d.

(0 0 0')0
yield, eo % p~pto »

1 Ph~P-;'O O=PPh~

L1

P~"'Jl00"C, 7 d. Yield: 84%

aul Bu'S.' au'

'~/¥»j 21{Pdlo-CeH.CH~NM&:!)ClhI

'''.&t . '" ," 6'r .
(00) 0" o~

CH:zC~

too') 0
yield: 86% P~P ( PPh~

p@PG~~~ P~P pp~
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((,e 6' CI
- Pd'

N'

Mf'Ml

Scheme I.

2.2. Preparation of calixarenes bearing three (phos
phine oxide) residues

Attempts to prepare a tris-phosphorylated calixarene
from 1 in a single step were unsuccessful and instead it
was necessary to employ a protection-deprotection pro
cedure. Such a strategy has been applied for the prepa
ration of other functionalised calixarenes [40,41). Thus,
reaction of the monomethoxy calixarene 3 with NaH
and PhzP(O)CH 20Ts in THF/DMF (9:1, v/v) af
forded LJ in ca. 30% yield after work-up (Scheme 2).
Other non-identified products were formed, and reaction
was not optimized. The 13C NMR spectrum of LJ

exhibits two signals for the bridging ArCHzAr groups,
consistent with a Cs-symmetrical molecule, with the
observed chemical shifts, 32.19 and 3J.50 ppm, being
indicative of a cone conformation. Of the two dAD

values apparent in the IH NMR spectrum one (AAD =
0.75 ppm) is unusually small. Such behaviour is often
observed when a small substituent enters the interior of
a cavity and thereby causes some deviation from the
ideal cone conformation. Regarding the transformation
LJ ~ L4, it was found that TMSI (trimethylsilyl iodide)
selectively cleaves the O-methyl bond without affecting
the phosphoryl arm. Deprotection was achieved in re-
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Fig. I . Molecular structure of LS showing the numbering scheme (Onep-3 [42,43]).

fluxing chloroform during which the cone conformation
was retained. The PCH 2 hydrogens of opposite phos
phoryl groups, being common to both L3 and L4

,

exhibit a characteristic ABX pattern.
The poor selectivity observed during alkylation of 3

most probably arises because the methoxy group at
(a ; _.~d to the lower rim penetrates into the cavity and

Table 2
Selected bond lengths (A) and angles (") for LS

promotes formation of non-cone conformers. It was
surmised that this problem could be circumvented by
the use of a large protective group. Consequently
mono-benzyloxy calixarene 4 was synthesized and found
to give much improved selectivity towards formation of
the required tris-phosphorylated derivative. In this case
conversion of 4 10 Ls was achieved in 70% yield

P(I)-0(2)
P(I)-CO 3J)
P(2)-0(4)
P(2)-C(23I )
P(3)-0(6)
p(3)-C(32I)
O(J)-C(J 1)
0(3)-C(2)}
0(5)-C(3I)
0(7)-C(41)
0(2)-P(t)-C0 2n
C(121)-P( J)-C(131)
CO21l-PO )-CO 15)
0(4)-P(2)-C(22IJ
C(221)-P(2)-C(23I )
C(221)-P(2)-C(215)
0(6)-P(3)-C(33 I)
C(331)-P(3)-C(32 J)
C(33J)-P(J)-C(315)
C(J1)-00 )-C(I 15)
C(31)-0(5)-C(315)
C(426)-C(42I )-C(415)

1..186(2)
1.815(3)
1.487(2)
1.810(3)
1.488(2)
1.810(3)
1.389(3)
1.391(3)
1.395(3}
1.393(3)
111.79(14)
106.82(14)
107.71(14)
1/2.63(14)
106.43()4)
108.62()4)
I J2,36()3)
107.24(14)
107.63(13)
120,3(2)
119.7(2)
120.3(3)

PO)-Ci12 I)
PO)--C(I IS)
P(2)-C(22I)
P(2)-C(2IS)
\'(:,)-C(33 1)
1>(3)-C(315)
O(J)-C() 15)
0(3)-C(215)
0(5)-C(315)
0(7)-C(415)
0(2)-PO)-C(I31)
0(2)-P(] )-C(l15)
C((31)-PCI)-C(1 15)
0(4}-P(2}-C(23I)
0(4)-P(2)-C(215)
C(231 )-P(2)-C(2IS)
Q(6)-P(3)-C(32J)
0(6)-P(3)-C(315)
C(32! )-P(3)-C(3IS)
C(21)-0(3)-C(215)
C(41)-0(7)-C(415)

1.806(3)
1.838(3)
1.800(3)
1.815(3)
1.807(3}
1.8370)
1.422(3)
1.433(3)
1.426(3)
1.437(3)
II 1.15(1 3)
115.66(13)
103.03(13)
113.13(11)
113.83(13)
101.38(13)
112.74{J3)
II3.63()3)
102.58(13)
117.2(2)
113.3(2)
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(Scheme 2). However, to prevent accidental displace
ment of the benzyl group it was necessary to use
ButONa in THF jDMF (9:1, vIv) in place of NaH. The
protected phosphorylated calixarene L S adopts the cone
conformation, as deduced from 13C NMR data
(8(ArCH 2 of calix) = 32.74 and 32.05 ppm). The two
LlAB values found for this conformer are 2.25 and 1.27
ppm.

Crystals of LS suitable for X-ray diffraction were
obtained by slow diffusion of hexane into a solution of
LS in chlorobe:nzene. The triclinic unit cell contains two
molecules of I}, four of PhCl, and one of hexane. Fig.
1 shows the structure of L S

, with selected bond dis
tances and angles being given in Table 2. The macro
cyclic matrix adopts the usual shape for a calixl-tjarene
in the cone conformation, since two opposite aryl rings
(based on C(2}), C(4l)) lie essentially parallel (dihedral
angle 10.8°) with the other two being almost perpendic
ular (dihedral angle 89.3°). The P=O bonds associated
with the 'orthogonal' arenes (P(I)O(2) and (P(3)O(6)),
are directed at a tangent to the cavity defined by the
calixarene substituents, while that trans to the benzyl
group is directed toward the interior of the cavity (Fig.
2). Interestingly, the cuu and C(I2I) aryl rings are
sufficiently close together, the co n-cq21) and
C(I2)-C(l2I) distances being 3.32 and 3.40 A, respec
tively, to provide 1T-1T stacking. The same holds for the
C(3}) and C(33}) aryl rings. Clearly, such structural
attributes would cause the P=O bonds to adopt the
observed orientations. The benzyl group faces the cavity
and augments the cavity wall.

Reaction of LS with TMSI in CHCl3 yielded L4 in
quantitative yield under ambient conditions (Scheme 2).
It is clear therefore that the benzyl protective group is
more easily removed than the corresponding methyl
function.

2.3. Preparation of calixarenes with two appended
phosphoryl groups

Two families of disubstituted calix[4]arenes can be
obtained, namely the 1,2 (or proximal) and 1,3 (or
distal) derivatized compounds. In seeking to restrict
substitution to the required degree, it is important to
exert the maximum kinetic control possible over the
reaction conditions. Detailed examination of the litera
ture suggests that such control might be obtained by
judicious choice of the leaving group for the ensuing
SN2 reaction. In particular it is known that, for com
pounds of the general type Ph 2 P(0 )CH 2 X, higher rates
of substitution are found for X = tosylate than for the
corresponding iodide [44]. We sought therefore to em
ploy this strategy to optimise the preparation of suitably
disubstituted calixarenes containing phosphine oxide
groups. Some degree of control over the site of substitu
tion can be obtained by careful consideration of the
relative concentration of base used for deprotonation,
although in practice this procedure is somewhat empiri
cal.

Suitable conditions for the preparation of a proxi
mally disubstituted compound, namely L6

, are illus
trated in Scheme 3. Thus, reaction of 1 with 2.5 equiv.

Fig. 2. Partial view (Ortep-S [42,43]) of L5 from below showing the orientation of the P=O bonds.



466 C.B. Dieleman etal./ Journal ofOrganometallic Chemistry 545-546 (1997) 461-473

1

I)2.5NaH

II}2,2PhzP(O}CHzOTs
~

THF/DMF (9:1), reflux. 48h.

yield: 25%

Scheme 3.

But eil6u' But

¥»J
HO OHOH OH

1

I)NaH (excess)

II}2.2PhzP(O}CHal

toluene, 800c, 6 d.

yield: 78%

Scheme 4.

of NaH and Ph2P(O)CH10Ts in refluxing THF·DMF
(9:1, v/v) for 2 d gave Lf

' .in VO/O yield after work-up
(Scheme 3). Although this reaction is not selective, L fi

is easily separated by column chromatography. Among
theproducts formed, wedetected thepresence of L1 and
L' (see below). There is a single plane of symmetry
inherent in such a 1,2-disubstituted calixarene such that
the 1H NMR spectrum of L6 shows three AB spin
systems for the bridging methylene groups, with aAB

values of t.57, t .54, and 1.02 ppm. The chemical shifts
found for the corresponding carbon atoms lie in the
range expected for a cone confonnation.

The distally-substituted product L' was generated in
high yield via a single step upon reacting 1 with excess
NaH and PhzP(O)CH2 I in toluene at 80°C for 6 d
(Scheme 4). It was necessary to use only the stoichio
metric amount of PhzP(O)CHzI since it proved difficult
to separate excess reagent from the calixarene product.
The H NMR spectrum of L' displays the AB system
for the bridging methylene groups, with aAB = 0.97
ppm, that we consider characteristic for the cone con
formation. The 13C NMR spectrum showed no indica-

r------ ------------------------~

9,0 8.5 8,0 7.5 7.0 6.5 6.0

(ppm)

5.5 5,0 4.5 4.0

I I

I I I
T'T'TT"f'T"n'll jii' Iflii" i 'ii'l"l,iiliij III illli' "'iil II, II'" "i'" ji,1 jllflqtr,.,,~

160 150 140 130 120 110 100 90 80 70 60 50 40 30

(ppm)

Fig. 3. I H NMR (top)and DCNMR (bottom) spectra of calixcrown L10 (CDCI 1).
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B~& Jut _i~_:~_:_:~_')'_0)_C~2_OT_S ___

~ THFIOMF (9:1), r.:fUx.
",0 OHOH 0,

R R 'base: eJoNI, S, 3d.
NaH, 8,2d .

R=Bz,5
R=Me,6

R=Bz,L',80%
R=Me,L',QO%

I) NIH(axee58)

U) 2.2 Ph2P(O)CH:!1

THF. refUx, 5 d.

yield: 43%

Scheme 7.

CHC~, r.t, 2h., La, 80%
CHCII' renux, 2h., L', 85%

symmetrical coneconformer (see Fig. 3). An interesting
feature of compound 0° is that it contains ten oxygen
atoms that roughly define a spherical cavity. Prelimi
nary experiments showed that with potassium iso
cyanate, LIO forms a 1: I complex (see experimental
part). but the coordinative properties of this ligand will
be reported elsewhere.

Scheme S.

tion of conformers other than the expected cone, al
though the characteristic ArCH zAr signal of the latter
was obscured by one of the Bu' resonances,

An alternative route to L7, requiring shorter reaction
periods, starts from the protected 1,3·dibenzyloxy cal
ixarene 5 (Scheme 5). Double alkvlation of 5 was
achieved at 80% yield within 3 d using Bu·ONa and
Ph1P(O)CH10Ts in refluxing THF-DMF (9:1, vIv).

• - 8
Subsequent deprotection of the resultant compound L
was accomplished in quantitative yield with TMSI in
CHC1 3 at room temperature. Similarly the I,3-di
methoxy-protected calixarene 6 Gave the corresponding
diphosphorylated compound L9 in excellent yield
(Scheme 5). In the latter case, deprotection had to be
performed in rejluxing CHCI 3•

Dialkylation of calixcrown 7 with NaH and
PhzP(O)CH 20Ts in DMF at 60°C afforded the ex
pected calixcrown-bislphosphine oxide) LID in 26%
yield (Scheme 6), The surprisingly moderate yield of
this reaction is due to partial decomposition of the
starting compound under the reaction conditions. Isola
tion of LIO therefore required purification by chro
matography. Both the IH NMR spectrum (.:lAB = 1.16
ppm) and the 13C NMR spectra (a(ArCH 2) =30.91
ppm) unambiguously indicate the formation of a C2-

¥#J Q2.4NaH ¥#4,'" 'I ' Ii)2.4P~P(O)CH20Ts ,... T •
(0 OHOH 0)

..
(00 o\o~DMF, eeoc, 4d.

o 0,
yield: 26%

o ( O'P~O
~O 0.1 \.::~o oJ

\...../ <:»

7 L10

Scheme 6.

2.4. Synthesis of a calixarene bearing a solitary phos
phoryl group

In orderto limitreaction to mono-funetionalisation, it
was deemed necessary to use only the least reactive
alkylating agent, namely Ph2P(O)CH 2I. Selective con
version of 1 into the mono-phosphine oxide LII was
realized by reaction with excess NaH and Ph2P(O)CH 2I
in refluxing THF (Scheme 7). After 5 d the conversion
had reached 43%. As expected for this Cs·symmetrical
molecule, the I H NMR spectrum displays the two AB
spin systems for the bridging methylenes. The solid
state IR spectrum displays two absorption bands in the
OH region. at 3370 and 3178 em- J. The lower rre
quency is comparable to that found in 1 (3145 cm")
and indicates hydrogen bonding for one of the OH
groups.

In summary, we have presented a seriesof function
alisation reactions allowing introductlon of one to four
-CH,P(O;Ph, ligands on a calix[4]arene matrix. Under
the conditions used (strong sodium bases, alkylating
agents of the type Ph2P(O)CH 2X), cone calixarenes
were formed exclusively. Consistent with earlier stud
ies. it was found that the rate of phosphorylation de
pended upon the nature of the leaving group in the
alkylating reagent. In particular, there were marked
differences in the rates of alkylation with Ph2P(O)CH 21
and Ph2P(O)CH 20Ts which could be exploited to pre
pare callxarenes bearing the required number of phos
phoryl substituents. Using this approach. together with
careful selection of U.•.5 concentration and type of the
deprotonar'ug agent, it is possible to selectively prepare
a range of lower rim-modified calixarenes. More sub
tlety is required to prepare the corresponding tris-sub
stituted derivative and we found it necessary to devise a
protection/deprotection strategy in this case. The same
procedure can be used to increase the yield of the
distally substituted bis-Iphosphine oxide). It is impor-
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tant to note that the deprotection routine using TMSI is
-pecific for cleavage of the benzyloxy or methyloxy
group and leaves the -CH 2P(O)Ph 2 moiety intact.

The various phosphorylated calixarenes described
here can be converted into the corresponding calixphos
phines under standard conditions, as outlined for L1

•

This provides access to a series of compounds that
might be expected interesting co-ordinative behaviour
towards catalytically active metal centres. We have in
fact described the synthesis of one such metal complex.
Further studies will concentrate on the ability of these
phosphine oxides to bind adventitious cations and on
the catalytic properties of callxphosphine-derived plat
inum me'Jl) complexes.

3. Experimental

3.1. Reagents and physical measurements

All manipulations were performed in Schlenk-type
flasks under an, atmosphere of argon. Solvents were
dried by conventional methods and distilled immedi
ately prior to usc. CDCI3 was passed down a 5 em thick
alumina column and stored under argon over molecular
sieves (4 A). IR spectra were recorded on a Perkin
Elmer 1600 spectrometer (4000-400 ern -I). Routine
1H, 31p{ I H} and 13...:{I H} NMR spectra were recorded
with an Ff Bruker WP-200 SY instrument. IH NMR
spectral data were referenced to residual protiated sol
vents (7.25 ppm for CDCI 3) , I3C chemical shifts arc
reported relative to deuterated solvents <77.0 ppm for
CDCl l ) , and the 31P NMR data are given relative to
external H3PO~. The mass spectra were recorded on a
ZAB HF VG Analytical spectrometer using lIl-nitro
benzyl alcohol or tetraglyrne (2,5,8,11,14-pentaoxapen
tadecane) as a matrix. For column chromatography
Geduran SI (E. Merck, 0.040-0.063 mm) was used.
Routine thin-layer chromatography analysis were done
by using plates coated with Merck Kieselgel 60 GF2S~'

Elemental analyses were performed by the Centre de
Recherche Chirnie, Strasbourg, analytical service. Com
pound L9 was prepared using a modification (see be
low) of the original procedure [45]. Samples of p-tert
butylcalixl-llarene (1) [46], 5,11,17,23-tetra-tert-butyl
25-methoxy-26.27,28-trihyd;.'0xycalix[4]arene (3) [40],
5,11 ,17,23-tetra-ft:rt-butyl-25-benzyloxy-26,27,28-trihy
droxycalixl-ljarene (4) [40], 5,1 I, 17,23-tetra-tert-butyl.
25,27-dibenzyloxy-26.28-dihydroxycalix[4]arene (5)
[47], 5, II, 17,23-tetra-tert-butyl-25,27-dimethoxy
26,28-dihydroxycalix[4]arene (6) [48], 25,27-dihydroxy
calixjslarene-crown-S (7) [41], Ph,P(O)CH,OTs (Ts =
02S-P-C6H~-Me) [49], Ph2P(O)CH 21 [44]"and [Pd(o
C6 H~CH 2 NMe 2)CI]2 [50] were prepared according to
literature procedures.

3.2. Syntheses

3.;'./. 5,1/, /7,23 -tetra -tert-butvl-Ti ,26,27,28
tetmkis(diph('nylp"osphilloYlll1ctllOxy)~calix[4lorene
(L1)

A suspension of p-lert-butylcalix[4]arene (J) (1.000
g, 1.54 mmol) and NaH (0.222 g, 9.24 mmoll in toluene
(45 cnr') was stirred at 80°C for 6h. Then
Ph2P(O)CH 20Ts (2.500 g, 6.47 mmot) was added and
the resultant solution was maintained ill 80°C for a
further 3 d. Excess NaH was decomposed with MeOH
(20 em"), and the solvent was evaporated in vacuo. The
residue was taken up in CH,CI, (IOO crrr') and washed
with J N HCI (50 crrr') then w"'ith water (2 X 50 em'),
The organic layer was dried with MgSO~, and filtered.
After evaporation of the solvent, the solid residue was
recrystallised from acetone ( - 20°C) affording the prod
uct as a white powder (R r = 0.29. CH2CI2/MeOH,
95:5, v/ v) (1.8S5 g, 80%), m.p, > 270°C (Found: C,
76.40; H, 6.70. C96HIIUPj\P~ requires C. 76.60; H.
6.70%; M, "" 1505.74). FAa mass spectrum: 111/:' 1505
(100%) (M+); "maxlcm-I (KBr) 11965 (P=O, tenta
tive assignment). NMR: 1H (CDCI 3) . 8 7.80-7.71 and
7.35-7.20 [40H, P(O)Ph 2], 6.36 (8H, s, m-C6H2 ), 5.24
[8H, s, OCH,P(O)], 4.81 and 2.73 (8H, AB system,
2J(AB) 13 Hz, CoH~CH2C6H ~]. 0.93 (36H, s, Bul

) ;

13C{IH} (CDCl l ) , D 152.95 [d, 3J(PC) 4 Hz, O-CquaJ,
1·14.7, 133.3 and 132.9 (aromatic Cqua'>' 131.1 , 130.9,
128.4.128.1 and 124.7 (aromatic CH's), 71.1 [d, J(PC)
78 Hz, OCH,P(O)]. 33.5 [s, C(CH 1)l]' 32.2 (s,
Cr,'H2CH2C(,H) 31.2 [so C(CH3).l]; .11p{I"H} (CDCI 3).
8 25.6 [so P(O)Ph 2].

3.2.2. 5, // ./7.23 -tetra-tel'l-bllt\'{-25 ,26.27.28
tetrakisidipllellylplwsphillometllOxy)ca'/ix[4larene (L2)

A suspension of L1 (0.500g, 0,33 mmol) in phenylsi
lane (10 cnr', 81.00 mrnol) was heated at 90-100°C for
7 d. After evaporation of the solvent in vacuo, the
residue was taken up in CH2CI 2 and the solution was
filtered through a layer of silica gel (ca. 5 em) to
remove side products. The filtrate was concentrated to
ca. !O cnr'. Addition of MeOH yielded the product as a
white powder (R r = 0.64, CH2C12) (0.399 g, 84%),
m.p. 211.5-212°C (Found: C, 80.11 ; H, 7.22.
C%HJOuO~P~ requires C, 79.98; H, 6.99%; M, =
1441.74). FAB mass spectrum: m/z 1441 (2£ft ,) (M+),
1255 (5%) [(M-PPh2)+]. NMR: IH (CDCI 3) , 8 7.29
7.11 (40H, PPh). 6.54 (8H, 5, m-C6H2) , 5;07 (8H, s,
OCH,P) . 4.43 and 2.87 [8H. AB system. -J(AB) 13
Hz. Cr,H 2C H2C(.H2]. 1.02 (36H. s, Bul

) ; I3C{IH}
(CDCI3)~ () 153.3 (s, O-equal), 144.7 (s, aromatic
Cquat)' 137.3 [d. J(PC) 15 Hz, P-Cqum], 133.7 (s,
aromatic Cquat), 133.2, 132.8. 128.15 and 124.6
(aromatic CH's), 76,0 [d, J(PC) 7 Hz, OCH, p], 33.6
[s, C(CH 3).1 l. 32.7 (s, Cr,H 2CH2C6H 2), '31.3 Is,
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C(CH])J]; JI p{1 H} (CDCI ]), 8 .- 20.4 (5, PPh,). Be
cause or"a typographical error, .~~. wrong J(PC) coupling
constant was given for the signal at 8(13C) =76.0 ppm
in the preliminary cornmunicuion (see Ref. [36)).

3.2.3. Tetranuclear pal/adb ,''1 complex [{Pd(o
C6 Hoi CH2NMe2 )CI/oj L1/ (2)

To a solution of L2 (0.115 i.~,J\{j8 mmol) in CH2CI 2
(50 cm') was added ;::l solution of [Pd(o
C6H"CH 2NMe2)CI]2 (0.092 g, 0.17 mmol) in CH2CI 2
(50 em'), After stirring for I h. the solution was
concentrated to ca. 10 cnr' and filtered through cel.te.
Addition of pentane yielded the complex as a pale
yellow powder(O.175 g. 86%\ m.p, 160-164°C (Found:
C, 62.5; H. 5.5. CI32HI"~CI ,~Np,,P4Pd4 requires C,
62.3; H. 5.9%; M, =2545.93). FAB mass spectrum:
mlz 2510.8 (6%)[(M-C))+]. NMR: I H (CDCI J. 328K).
8 7.87-7.78 (40H, rn, PPh 2), 6.91-6.16 (l6H', ABMN
system. C6 Hot of dimethylbenzylamine), 6.42 (8H, s,
m-C6 lf2). 5;66 (8H. br 5, OCH2P), 4.49 and 2.70 [8H,
AB system. -J(AB) 13 Hz, C6~H2CH2C(IH2]' 3.98(8H,
br 5, NCH,), 2.75 [24H, d, J(PH) 2 Hz, N(CH J), ] .

- IJ ' •
1.00 06H. s, Bu'); .C{' H} (CDCI 3, 328K). D 153.7.
151.2, 147.95, 143.0, 131.5 and 131.1 (aromatic Cq,,) ,

137.2. :37.0. 135.05. 131.5, 128.5. 128.3, 125.2, 124.9,
124.8, 123.3 and 121.9 (aromatic CH's), 75.65 [d,
J(PC) 23 Hz. OCH, P], 73.1 (5, NCH,), 50.2 [5,
N(CH 3)2]' 33.5 -[So C{CH 3\ , ], -31.7 (5,
C6H 2CH 2C6H), 31.5 [s, C(CH3)~]; P{IH} (CDCI 3,
328K), /) 33.1 (s, PPh1)'

3.2.4. 5 II. J7.23-tetra-tert-!Jmvl-25·metllOxv-26,27,28
tris(diphenytphosphinoylmetho .~)'Icalis!41ar~Jle (L'f)

5,11,17,23-Tetra-rerr-butyl-Zfi-rnethoxy-Ze.Z?.28-tri
hydroxycalixlalarene (3) (2.161 g, 3.26 rnmol) was
reacted with NaH (0.250 g, 10.43 mmol) for 2 h in a
refluxing THFIDMF mixture (9:1, v/», 200 em').
Then Ph2P(O)CH 20Ts (4.030 g, 10.43 rnmol) was
added and the resultant solution was further refluxed for
3 d. Methanol (20 cnr') was added. After filtration, the
solvent wasevaporated in vacuo. The residue was taken
up in CH2CI 2(I50 cnr') and washed with I N HCI (50
cnr') then with water (2 X 50 cm3

) . The organic layer
was dried with MgS00t and the solvent was evaporated
in vacuo. The compound was purified by flash chro
matography using CH1CI2/MeOH (96:4, v/v) as elu
ent. L·t was obtained usa white powder in 30% yield
(Rr = 0.18, CH2CI 2/MeOH. 95:5. v/v), rn.p, > 270°C
(Found: C, 77.34; H, 7.14. C84 H9P7P3 requires C,
77.28; H, 7.03%; Mr = 1305.58). FAB mass spectrum:
1111:. 1305 (40%) [(M+H)+]; vmax cm" (KBr) 1193s
(P~O, tentative assignment). NMR: I H (CDCI 3) . 5
8.14-7.20 [30H, P(O)Ph 2], 7.04 and 6.69 (2H+ 2H, 2s.
m-C6H2 ), 6.29 and 6.25 [4H, AB system, 2J(AB) < 4
Hz, m-C6H2], 5.~7 [2H, s, OCH2P(O)], 5.35 and 4.50
[4H, AB system, -J(AB) 14 Hz, OCH2P(O) adjacent to

methoxy], 4.97 and 3.02 [4H, AB system, :J(AB) U
~z, C6H2CH2C6H2]' 4.21 and 3.07 [4H, AB system.
"J{AB) 13 Hz. C6H2CH2C6H2]' 2.65 (3H. s, OCHJ ),

1.31, 1.24 and 0.75 (9H+9H+ 18H, 3s. Bul
) ; uC{'H}

(CDCI 3) , 8 155.6 (s, O-Cqual)' 155.05 [d, 3J(PC) 7 Hz,
O-CqUal], 151.6 (5 br, O-CqUal)' 145.6-130.4 (aromatic
CqUal ) , 131.8. 131.6. 131.45, 131.3, 131.1, 128.9. 128.7.
128.45. 128.2, 125.4, 125.3, 124.9 and 124.3 (aromatic
CH's). 73.7 [d. J(PC) 83 Hz. OCH,P(O)], 70.0 [d,
J(PC) 7~ Hz, OCH2P(O)]. 59.55 (s, OCH3), 34.1, 33.9
and 33.6 [35, C(CH,), ], 32.2 and 31.5 (2s,
~6H2CH2C6H 2)' 31.7, 31'.7 and 31.1 [3s, C(CH3)3];
. P{IH} (CDeI,), 5 26.4 [5. 2P, P(O)Ph,]. 23.0 [5, IP,
P(O)Ph

2
]· . -

3.2.5. 5. JJ•J7.23-tetra-tert-bu tyl·25-&ellzyloxy
26,27,28-tris(dipllellylpllOSphbw,l'lmetJlOxyJcalixl41arene
(L 5)

5.11,17.23-Tetra-te'rt-btJlyl-25-benzyloxy··26,27,28
trihydroxycalixldjarene (4) (2.409 g, 3.26 mrnol) was
treated with Bu'Obla (1.002 g, 10.43 mmol) in a reflux
ing THF/DMF mixture (9:1. vlv, 200 cnr') for 2h.
Then Ph2P(O)CH20Ts (4.030 g. 10.43 mmol) was
added and the resultant solution was further refluxed for
3 d. After filtration. the solvent was evaporated in
vacuo. The residue was taken up in CH2CI 2 (150 cnr')
and washed with I N HCI (50 em) then with water
(2 X 50 cnr'). The organic layer was dried with MgSOot
and the solvent was evaporated in vacuo. The com
pound was purified by flash chromatography using
CH2C12/MeOH (96:4, vIv) as eluent. Compound L5

was obtained as a white powder in 70% yield(R r=0.38.
CH 2Clz/MeOH, 95:5, vIv), m.p. > 270°C (Found: C.
78.03; H, 6.82. C90H9507P3 requires C, 78.24; H,
6.93%; Mr = 1381.70). FAB mass spectrum: mlz 1381
(28%) (M+); vmax cm- I (KBr) )195s (P=O, tentative
assignment). NMR: I H (CDCI]), 8 8.15-7.07 (35H,
aromatic H's), 6.83 and 6.35 (~H + 2H, 2s, m-C6 fJ2 ) .

6.44 and 6.15 [4H. AB system, •J(AB) 2 Hz, 11I-C6 HJ
5.51 [2H, s, OCH,Ph or OCH,P(O)], 5.11 and 4.56
[4H, ABX system with X =P, 2J(AB) 15 Hz, 3J(AX) 4
Hz. 'J{BX) 5 Hz, OCH,P(O) adjacent to benzyl], 4.69
and 2.44 [4H, AB· system, 2J(AB) 13 Hz,
C6H2CH2C6H2]' 4.49[2H. s, OCH2P~O) or OCH2Ph],
4.27 and 3.00 [4H. AB system, -J{AB) 13 Hz,
C6H2CH2~6H2]' 1.15,1.04and 0.85(9H + 9H+ 18H.
3s, Bu'); I C{IH} (CDCI J), s 154.2 and 153.8 (Zs,
O-Cqua)' 151.8 [d, .1J (PCf 4 Hz,O-equal]' 145.0. 144.5,
139.0, 134.4, 133.6. 133.0, 132.4, 132.0. 131.7 and
130.1 (aromatic C'!Uat)' 131.6-124.5 (aromatic CH's),
76.7 (s, OCH,Ph). 71.7 [d, J(PC) 78 Hz, OCH,P(O)].
70.1 [d, J(pe) 74 Hz, OCH,P(O)l. 33.8. 33.6a~d 33.5
[3s, C{CH3)3]' 32.7 and 32~05 (ZS31C6tH2CH2C6H2)'
31.5,31.3 and 31.1 [3s. C{CH3)3]; P{ H} (CDCI~). 8
25.4 [5. 2P, P(O)Ph 2], 23.6 [so IP, P(O)Ph~].
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3.2.6. 5.1J. 17.23·tetra-Ierl-1Jlltyl.25.26.27·tris(diplteny!«
pho.~phil1o)'lmethoxy)·28·"ydroxycalix{ 4lorene (L")

This compound was obtained via a protection-depro
tection procedure starring either from LJ or L5

. To a
solution of 5,ll,17,23-tetra-tert-butyl-25-alkoxy
26,27,28-tns(diphenylphosphinoylmethoxy)ealix[4larene
(alkoxy = OMe, LJ

; OCH2Ph. L5) (0.57 mmol) in
CHCll (100 cnr') was added iodotrimethylsilane 0.71
mmol), The deproteetion of L5 was perfonned at room
temperature while that of L J was achieved in refluxing
CHCI 3• The reaction was monitored by TLC analysis.
Aftercompletion of the reaction. I N Hel (50 cnr') was
added. The aqueous layer WRS discarded, and the yellow
organic layer was washed with a saturated N~2S203

solution (50 ern'), then with water (2 X 50 em'). The
resultant colourless organic solution was dried with
MgS04• After removal of the solvent, the solid residue
was recrystallised from a CH2Cl 2/hexanc mixture.
Compound L4 was obtained as a white powder (88%
from L3, 86% from L5

) (R r == 0.18, CH2CI 2/MeOH,
95:5, v/v), m.p. >270°C (Found: C, 77.16; H, 7.06.
CS3HslJ07P3 requires C, 77.19, H, 6.94%; Mr =
1291.55). FAB mass spectrum: m/z )291 (37%) [(M +
H)+]; vmax em-I (KBr) 345401 br (OH), !'200s (P;:::O,
tentative assignment). NMR: IH (CDCI 3) . 8 iUJO-7.19
[30H, P(O)Ph2 ], 6.98 and 6.76 (2H+ 2H, 2s, moL /) Hz),
6.37 and 6.34 [4H, AB system, 2l(AS) < 4 Hz, t~

C6H2], 5.53 un, s, OH), 5.47 [2H, s, O~H2P{O)],

5.03 and 4.64 [4H, ABXsystem withX:= P, -J(AB) 14
Hz, 3J(AX) 3 Hz, 3J(BX) 0 Hz, OCH,P(O) adjacent to
hydroxy], 4.97 and 3.04 [4H, AB system, 2J(AB) 14
~z, C6HzCHzC6H2]' 4.41 and 3.11 [4H. AB system,
J(AB) 13 Hz, C6H2CH~C~H2]' 1.29, 1.26 and 0.75

(9H+9H+ 18H, 3s, Bul
) ; I. C{IH} (CDCI 3) , 5 153.1

[d, :lJ (PC) 6 Hz, O-CqUaI], 152.7 (s br, O-Cquot), 150.8
(s, O-Cql'u), 145.9-131.3 (aromatic Cq1wt) ' 132.0,
131.5, 131.3, 128.9, 128.7. 128.5, 128.3, 125.7, 125.5
and 125.0 (aromatic CH's), 74.0 [d, J(PC) 81 Hz,
OCH,P(O)], 71.0 [d, J(PC) 74 Hz, OCH,P(O)], 34.0,
33.8 a'itd 33.7[35, C(CH3)3]' 32.1 (s, C6H;CH 2C6H2),
31.8,31.6 and 31.0 [3s, C(CH3)3] (the second
ArCH2Ar signal is probably overlapping with a Bu'
signal); 31p{IH} (CDCI3) . 8 25;8 [so IP, P(O)Ph 2 ], 24.1
[s, 2P, P(O)Ph 2] .

3.2.7. 5,J1.17,23-tetra-tert-butyl-25,26-bis(diphenyl
phosphinoy!methoxyl-27,28-dihydroxycalixl4[arene
(L6)

A suspension of p-tert-butylcalix[4]arene (1) (0.500
g, 0.77 mmol) and NaH (0.046 g, 1.92 mmol) in a
refluxing THF/DMF mixture (9:1, v/v, 20 crrr') was
stirred for I h. Then Ph2P(O)CHPTs (0.654 g. 1.69
mmol) was added and the resultant solution was re
fluxed for a further 48 h. Excess NaH was decomposed
with MeOH (10 crrr'), and the solvent was removed in
vacuo. The residue was taken up in CH2C1 2 (50 crrr')

and washed with I N HCl (30 enr') then with water
(2 X 30 em'). The organic layer was dried with MgS04

and evaporated to dryness to afford a solid that was
purified byflash chromatography usingCH2CI 2/MeOH
(98:2, vIv) as eluent. Starting compound 1 eluted first,
followed by L6

• The latter was obtained as an analyti
cally pure white solid (Rr == 0.55, CH2CI2/ MeOH,
94:6, vIv) (0.205 g. 25%), m.p, 255°C (Found: C,
78.20; H, 7.21. C7oH7806P2 requires C, 78.04; 1I,
7.30%; Me =: 1077.35); Vmax em"! (KBr) 1192s (P;:::O,
tentative assignment). NMR: IH (CDCI 3) , S 8.64 (2H,
s, OH). 7.91-7.82 and 7.56-7.30 [20H, P{O)Ph,], 6.89
(4H, 2s, m-C6H 2), 6.71 and 6.61 [4H, AB ~ystem,
4J(AB) 2 Hz. III-C6H2 ]. 5.11 and 4.99 [4H, ABX
system ',':lih X;::: P, 2J(AB) 14 Hz. ]J(AX) 4 Hz,
3J(BX) 0 Hz, OCH, P(O)], 4.82 and 3.25 [2H, AB

2 -system, J(AB) I? Hz, C6H 2CH2Cr,H 2], 4.67 and 3.13
[4H, AB system, -J(AB) 13 Hz, C6H2CH2C6H2]' 4.29
and 3.27 [2H, AB system, 2J(AB) 14 Hz,
C(,H2CH2Cr.H2)' 1.19 and 1.00 (ISH + 18H, 2s, Bu');
I3C{IH} (CDC1~), 8 153.5-127.0 (aromatic CqUal) '

132.3-124.9 (aromatic CH's), 72.'9 [d, J(PC) 80 Hz,
OCH2P(O)], 33.8 and 33.7 [2s, C(CH3)3]' 32.1, 31.9
and 29.7 (3s. LH,CH 2C6H,), 31.5 and 31.1 [Zs,

31 ~ • •
C(CH 3)3]-' . F{I HI (CH2CI2/C6D6)' 5 26.6 ls.
P(O)Phzl.

3.2.8. Synthesis of 5.11.17.23-tetra-Icrr·butyl-25,27-bis
(diphenylphosphinoylllle IIIOXY)-26,28-dihydroxycalix{4l
Grelle (£11

This compound has been synthesised, in. two ways,
either by direct alkylation of jHen.butyJcalix(4)arene
(I) (method A) or via a protection-deprotection proce
dure starting from 5 or 6 (method B).

3.2.8.1. Method A. A suspension of p-terl
butylcalix[4]arene (1) (1.000 g, 1.54 mmol) and NaH
(0.185 g, 7.70 mmol) in toluene (30 cnr') was stirred at
80°C for 4 h. Then Ph2P(O)CH2I (1.160g, 3.40 mrnol)
was added and the resultant solution was maintained at
80°C for a further 6 d. Excess NaH was decomposed
with MeOH (20 cnr'), and the solvent was removed in
vacuo. The residue was taken up in CH2CI 2 (100 cnr'),
The solution was washed with a saturated Na2S203
solution (50 em') then with water (2 X 50 ern'), The
resulting colourless organic solution was dried with
MgS04, concentrated to ca. 10 crrr' in vacuo. Addition
of hexane yielded the product as a white powder I R, =
0.37, CHzCI 2/MeOH, 95:5, v/v) (1.294 g, 78%)
(characteristic NMR data are given below).

3.2.8.2. Method B. Compound I} was obtained from L8

or L9 (2.00 rnmol) using a procedure similar to that
given for L4 but employing two equivalents of TMSI.
The solid residue was recrysrallised from
CH2Cl 2/hexane yielding L7 as a white powder (80%
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from LS
, 85%from I}}, m.p. > 270°C (Found: C, 77.'( ;:

H, 7.11. C7oH7S06P2 requires C, 78.04; H, 7,30%;
Mr =1077.35). FAB mass spectrum: mlz 1077 (74%)
[(M + H)+]; "max cm" (KBr) 3470m br (OH), 1186s
(P=O, tentative assignment), NMR: 1H (CDCI,), 8
8.08-7.99 and 7.44-7.43 [20H, P(0)Ph2]. 7.03' and
6.58 {4H + 4H, 2s, m-C(.H2} , 5.73 qH, s, OH ex
changes with O2° ), 4.64 [4H. d, -J(PH} 6 Hz,
OCH2P(O}], 4.15 and 3.18 [8H, AB system, 2J(AB} 13
Hz, Cf1H2CH2C6H2]' 1.32 and 0.83 (J8H + 18H, 2s,
But); c(l H} (CDCI 3) , 8 151.4, 151.2, 150.2, 147.1,
141.5, 131.1, 129.5 and 127.9 (aromatic Cqual), 132.3,
131.6. 131.4, 128.9, 128.7. 125.6 and 124.95 (aromatic
CH's), 74.6 [d, J(PC) 81 Hz. OCH2P(0)], 33.7 and
t?7 [2 s, C(CH 3}3], 31.6 and 30.8 [2s, C(CH3)3];

P(lH} (CDCI 3) , 8 25.6 [so P{O)Ph 2].

3.2.9. General procedure for the synthesis of
5,1 l,17,23-telra-tert-bllt)'I-25,27-dialkoxy-26,28-bi.~di.

phellylphosphillo)'lmethoxyJcalixf4Jarelles [alkoxy =
OCH1Ph (L8

), OMe (L9)J
A solution of 5.II,17,23-tetra-tert-butyl-25,27-dial

koxy-26,28-dihydroxycalix[4]arene (alkoxy = OCH 2Ph,
5; alkoxy =OMe, 6) (3.48 mmol) in a retluxing
THFIDMF mixture (9:I, v/v. 200 cnr') was treated
with the adequate base {7.66 mmol, Bu'Olva for the
benzyloxy calixarene, NaH for the methoxy compound}
for 2 h. Then Ph2P(O)CH 20Ts (7.66 mmol) was added
and the resultant solution-was'further retluxed for 3 d (2
d in the case of 6). If NaH was used for deprotonation,
MeOH (20 em3) was added at this stage; no quenching
was necessary for the reaction with BuIONa. After
filtration, the solvent was evaporated in vacuo. The
residue was taken up in CH2Cl z (IOO cnr') and washed
with I N HCI (50 crrr') then with water (2 X 50 crrr'),
The organic layer was dried with MgS04 and the
solvent wasevaporated in vacuo. Compounds L8 and L9

(white solids) wererecrystallized from CH2Cldacetone
at - 20°C (yield: La, 80%; L9, 90%).

3.2.10. 5,1J, J7,23-tetra-tert-IJUtyl-25,27-dibenz)'loxy
26,28-bis(diphenylphosphinoyl-methoxyicafixf4lorene
(L 8 )

(Rr=0.28, CH2CI2/MeOH, 95:5, v/v), m.p. >
270°C (Found: C, 80.39; H. 7.09. C84 H9006P2 requires
C, 80.23; H. 7.21 %; Mr = 1257.60). FAB mass spec
trum: 111/2 1257 (58%) [(M + H}+]; J/max cm- I (KBr)
1208s (P=O, tentative assignment). NMR: IH (CDCI3) .

8 7.70-6.96 (30H, aromatic H's), 6.66 and 6.42(4H +
4H, 2s, m-C6H2 ), 5.09[4H, s, OCH2Phor OCH2P(0 )],
4.75 [4H, s. OCH,P(O) or OCH, Ph], 4.48 and 2.90

2 • •
[8H, AB system. J{AB) 13 Hz,CqHzCHzC6Hz], 1.22
and 0.85 (I8H + I8H, 2s, Bul

) ; 3C(IH} (CDCl l ) . 8
. 3 '

/53.0 (5, O-Cqual), 151.5 (d, J(PC) 5 Hz,O-equm}.
l45.6, 144.2. 138.2, 135.6. 133.4. 132.2 and 131.5

(aromatic CqUal)' 130.7-124.5 (aromatic CH's), 77.7 (s,
OCHzPh), 69.0 [d, J(PC} 72 Hz, OCH2P{O)], 33.7
and 33.4 [Zs, C(CH 3)3]' 3~P (5. C6H2CH2ChHz)' 31.4
and 30.9 [25, C(CH3)3}; P(IH} (CDCI3). 8 22.2 [s,
p(O}rh 2]·

3.2.JJ. 5,11,17,23·tetra-tert-but)'I-25,27-dimct!loxy
26,28-bis(diphenyl» Ijphilloyl-methoxy)calix{4lorene
(L'J)

iR,=0.50, CHzClz/MeOH, 96:4, v/v), m.p. 235
240°C (Found: C, 77.94; H, 7.64. CnHs206P2 requires
C, 78.23; H, 7.48%; u,= 1105,39). FAB mass spec
trum: mil. 1105 (52%) (M+); "max em-I (KBr) 1193s
(P=O, tentative assignment>. NMR: 1H (CDCI 3). 8
7.91-7.82 and 7.53-7.40 [20H, P(O)Phz], 7.02 and
6.29 (4H + 4H, 2br s, m-C6 Hz), 4.51 [4H, d, zJ(PH) 4
Hz,OCHzP(O)], 4.17 and3.01 [8H, AB system, 2J{AB}
12 Hz, C6H2CH2C6Hz]' 3.28 (6H, br s, OCH3). 1.29
and 0.74 (181-1+ 18H, 2s, Bu1) ; 13C(lH) (CDCl l ) . 5
155.6-124.5 (aromatic C), 71.8 [d. J{PC) 84' Hz,
OCH2P(O)], 60.3 (5, OCH3), 34.1 and 33.5 [25,
C(CH 3}3]' 31.7 a~d 31.0 [Zs, C(CH3)3]' 31.5 (5,
C(,H 2CH 2C6H 2); P{'H} (CH2CI2/C6D6)' 8 24.1 ls,
P(O)Ph z].

3.2.12. 25,27-bis(diphellylphosphinoylmethox)'Jcalixf4J
arene-crown-ti (L IO)

A solution of 25,27-dihydroxycalix[4]arene-crown-6
(7) (4.000 g, 6.38 rnmol) and NaH (0.367 g, 15.31
mmol) in DMF (ISO em') was heated for 2 h at 60°C.
Then Ph2P(0}CH 20Ts (5.911 g, 15.3: mmol) was
added and the resultant solution was further heated for 4
d. Excess NaH was decomposed with MeOH (20 em"),
and the solvent was evaporated in vacuo. The residue
was taken up in CH2CI 2 (100 cnr') and washed with 1
N HCI (SO em') then with water (2 X50 ern"). The
organic layer was dried with MgS04 and evaporated to
afford a solidwhich was purified by flash chromatogra
phy using CH2CI 2/MeOH (93:7, vIv) as eluent(other,
non-identified products elute first). Evaporation in vacuo
of the solvent yielded a white solid (R( = 0.38,
CH2C1dMeOH, 93:7,v/v) (1.750 g, 26%), m.p, 175
177°C (Found: C, 73.14; H, 6.24. Cfl.jH640IOP2 re
quires C, 72.85; H, 6.11%; u,= 1055.16). FAB mass
spectrum: mlz 1055 (31%) [(M+H)+]; vrnat em"!
(KBr) 1185s (P=O, tentative assignment>. NMR: 1H
(CDCI 3) , 0 7.92-7.81 and 7.55-7.48 [20H, P{O)PhzJ.
7.04 and 6.89 [A2B spin system constituted by a dou
blet (i> 7.04, 4H) and four lines (2H) centred at 6.89.
111- and p-ArH of calix], 6.13 and 5.86 [AB2 spin
system. t(2H} +d(4H), 111- and p-ArH of calix], 4.56
[4H, d, 2J(PH) 4 Hz, OCH~P(O}J, 4.16 and 3.00 [8H,
ABsystem, 2J(AD) 14 Hz,C"6H2CH2C6HzJ, 3.86-3.66
02H, m, CH;5 of crown), 3.72 (8H, s,

- . 13 I
ArOCH,CH,0CH~CH~, tent. assignment); C{ H}

- - - - 3
(CDCI3) . 8 158.1 (O-Cqual), 156.1 [d, O-Cqu~t' J(PC)
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9 Hz], 136.7-122.0 (aromatic C's), 73.5 [d, J(PC) 83
Hz, OCH2P(O), tent. assignment], 72.55, 71.15. 71.0,
70.4, and 69.3 (55, CH2's of crown), 30.9 (s,
C6H2CH2C6H2); 31 p(lH) (CH2CI2IC6D6)' s 24.1 [s,
P(0)Ph2]·

3.2.13. Addition of KSCN to a solution ofeo
Excess KSCN was added to a dichloromethane solu

tion of L'". After filtration, pentane was added to the
solution affording a white precipitate. FAB mass spec
trum: mlz 1093 (100%) (expected mass of L IOc K+'
1093). IH (CDCI 3) , S 7.88-7.77 and 7.59-7.45 [20H:
P(0)Ph2], 7.03 and 6.88 [A 2B spin system constituted
by a doublet (S 7.03, 4H) and four lines (2H) centered
at 6.88, m- and p-ArH of calix], 6.23 and 6.0.5 [ABz
spin system constituted by four lilies (2H) centered at
6.23 and a doublet (4H) at 6.05, m· and p-A.rH (lr
calix], 4.69 [4H, d, zJ(PH) 3 Hz, OCH,P(O)], 4.17 and

[
2 -2.95 8H, AB system, J(AB) 12 Hz, C(jH2CH2C(jH 2J.

4.03 (4H, pseudo t, CH, 's of crown), 3.82 (8H, s,
ArOCH2CHzOCH2CHzl"3.85-3 .75 (m, 4H, CH2's of
crown), 3.64(d, 4H,CH2'~ of crown). 31 p{1 H} (CDCI]),
l3 25.3 [s, P(O)Phz]' .

3.2.14. 5,1I, I7,23-tetra-tert-blliyl-25-(diphenylphos
philloylmethoxy)-26,27,28-trihydroxycalix[41arelle (L/I)

A suspension of p-tert-butylcalix[4]arene (I) (1.000
g, 1.54 mmol) and NaH (0.111 g, 4.62 mmol) in THF
(45 cnr') was stirred under reflux for 4 h. Then
Ph2P(0)CHzI (I.l60 g, 3.40 mmol) was added and the
resultant solution was further refluxed for 5 d. Excess
NaB was decomposed with MeOH (20 cnr'), then the
solvent was evaporated in vacuo. The residue was taken
up in CH2CI 2 (100 em') and washed with 1 N HCl (50
em') then with water (2 X 50 ern'). The organic layer
was dried with MgS04 and evaporated to afford a
yellow solid that was purified by flash chromatography
(CH2ClzIMeOH, 98:2, vIv). Compound 1 eluted first,
followed by L II (R f == 0.83, CH2CI 2/MeOH, 95:5,
v/v) (0.571 g, 43%), m.p. >270°C (Found: C, 79.39;
H, 8.00. CS7Hb70SP requires C, 79.32; H, 7.82%;
Mr =863.13). FAB mass spectrum: mlz 863 (100%)
[(M +H)+]; vmax cm- 1 (KBr) 3370m and 3178m sh
(OH), 1202ms (P=O, tentative assignment). NMR: I H
(CDCI3) , s 9.76 (IH, s, OH exchanges with D20),
8.87 (2H, s, OH exchanges with DzO), 8.11-8.01 and
7.66-7.60 [IOH, P(O)Phz], 7.05 and 6.95 [4H, AB
system, 4l (AB) 2 Hz, m-C6H2 ], 7.04 (4H, s, 2 X
m-C6H2 ) , 5.01 [2H, d, 2l(PH) 3 Hz, OCH2P(O)], 4.64
and 3.39 [4H, AB system, zl(AB) 13 Hz,
~6H2CH2CbH2]' 4.14 and 3.39 [4H, AB system,
-l(AB) 13 Hz, C6H2CH2C~H2]' 1.23, 1.21 and 1.17
(9H + ISH +9H, 3s, Bul

) ; I C{IH) (CDCl 3) , l3 151.6
[d,3J(PC) 7 Hz,O-CquuIJ, 148.3-127.0 (aromatic CqUal)'
132.65-125.4 (aromatic CH's), 74.0 [d, J(PC) 81 Hz,

3.2.15. X-ray structure analysis of LS

Single crystals of L5 were obtained by slow diffusion
of hexane into a chlorobenzene solution of the com
pound. Crystal data: L 5 • 2C6H sCI · 0.5C6 HI4 ,

ClOsH112C120,Pj' Mr =1649.76, triclinic, space group
P1-, a;.:: 13.934(2), b =: 14.854(2), c == 23.798(3) A,
Q' = 106.242(10), B== 99.974(10), 'Y == 93.949(8)°, V ==
4621.5 A3, Z= 2, D. == 1.186 Mg m- 3, A(Mo K ) ==

& ~ a
0.71073 A, JL=0.I8mm- l , T= -100°C. Data collec-
tion and reduction : A colourless block 0.9 X 0.4 X 0.4
mm was mounted in inert oil. Data were collected to
20rn'\1; 50'~ on a Siemens P4 diffractometer (scan type
tiT). Monochromated Mo K" radiation was employed.
Of 16344 measured data, 15926 were unique (R.IRI
0.020). Structure solution and refinement: the structure
was solved by direct methods and refined anisotropi
cally Oll FZ using all reflections (program: SHELXL-93,
a.M. :"lheldrick, University of Gottingen). Hydrogen
atoms were included using a riding model or rigid
methyl groups. The hexane molecule was badly re
solved. The final wR( F Z) was 0.158 for 1039 parame
ters, conventional R(F) 0.055 for F> 4u(F). S == 0.97;
max. !:J.p 1.1 e A - 3.

4. Supplementary material available

Full details of the structure determination have been
deposited at the Fachinformationszentrum Karlsruhe,
Gesellschaft fiir Wissenschaftiich-technische Informa
tion mbH, D-76344 Eggenstein-Leopoldshafen, Ger
many. Any request for this material should quote the
full literature citation and the reference number CSD
406836.

5. Note added in proof

Since submission of this paper, an improved synthe
sis was found for compound L3• Thus, treatment of 3
with NaH (3.2 equivalents) and Ph, P(O)CH,OTs 0.2
equivalent) in toluene at 90°C for 3d gave 0 in 65%
yield. Same work-up as for L1

, recrystallisation from
CH2CI2/methanoi (I :5 , volzvol).
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