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A tetradentate ligand, L, derived from a bowl-shaped calix[4]resorcinarene by incorporation of four phosphonite 
donors, has been used in the synthesis of several tetragold(1) and tetracopper(1) complexes, such as [L(AuCI),] and 
[pyHl+{LC~~(p-Cl )~(p~-Cl ) ] - ;  the halide inclusion found for the copper complexes is unique in calixarene chemistry. 

Calixarenes are bowl-shaped molecules that have a remark- 
able ability to contain either neutral or cationic guests.1-3 
However, owing to the poor electrophility of calixarenes, 
there is little anion inclusion chemistry and no halide 
inclusion.4 This paper reports the derivatization of the upper 
rim of calixarenes to give phosphorus donors whose metal 
complexes provide a suitable environment for anion inclusion. 
Most known metal derivatives of calixarenes are with 0x0- 
philic metal ions, which cannot easily be used for anion 
inclusion.2.3 

Reaction of the calix[4]resorcinarene7 la,  R = CH2CH2Ph,1 
with phenyldichlorophosphine, with pyridine as base, gave the 
new phosphorus(rI1) derivative L. There are six possible 
isomeric forms of compound L, with different combinations of 

orientations of the phenyl and lone-pair substituents on 
phosphorus, either outwards or inwards with respect to the 
middle of the bowl. Molecular mechanics calculations indi- 
cated that the isomer with all phenyl groups directed outwards 
and lone pairs directed inwards would be preferred and this 
stereochemistry is consistent with the observation of a single 
31P NMR resonance for L.t  

Reaction of ligand L with [AuCl(SMe2)] occurred with 
displacement of SMe2 to give [L(AuC~)~] ,  2a, X = C1. The 
complexes 2b, X = Br and 2c, X = I, were then prepared 

t Spectroscopic data for L; NMR in CD~CIZ: 8(31P) (ref. H3P04) 
166.3(s); EI-MS: mlz = 1328.394; calc. for Cs4Hh808P4 1328.386. 
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HO+OH 
la;  R = CH,CH,Ph 

L 

2 
a; X = CI 
b; X = Br 
c ; X = l  

by reaction of 2a with the corresponding sodium halide. In 
each case, the 3lP NMR spectra of the gold complexes 2 
contained only one resonance, consistent with the expected 
stereochemistry with all phenyl substituents directed 
outwards and all AuCl substituents inwards, and this was 
confirmed by an X-ray structure determination on complex 
2a.0.SCH2Cl2-2.SMeCN-H20.$$ The structure of 2a is shown 
in Fig. 1. Three of the roughly linear AuCl units form a 'picket 
fence' around the upper rim of the bowl but the fourth AuCl 
unit [Au(3)C1(3) in Fig. 11 is folded into the centre of the bowl 
and so occupies the cavity normally available to  a guest 
molecule. As a result, the solvent molecules occupy regions of 
space between and not inside the potential host molecules. 
Nevertheless, since all PAuCl units are equivalent on the 
NMR time scale even at -80 "C, it is clear that the Au(3)C1(3) 
unit can easily move to the periphery of the bowl and hence 
that small guest molecules could be admitted. The ligand holds 
the gold atoms apart and prevents any Au-. .Au bonding.' 

i: Data for 2a: NMR in CD2C12: 6(31P) = 144.1(s); FAB-MS, mlz 
2026; calc. for M+-AuCl2026. 

Q Crystal data: Cs4H68Au4C1408P4- 0.5CH2C12. 2.5 MeCN.H20, M = 
2422.16, triclinic, Pi, a = 15.271(5), b = 28.399(8), c = 11.060(5) 8,. 
(x = 93.40(3), (3 = 111.21(3), y = 98.41(2)", V = 4390.8 A3, Z = 2, 
D,(D,) = 1.87(5) (1.83), Enraf-Nonius CAD4 diffractometer, 
Mo-Ka radiation, 11 422 unique data, Lorentz, polarization, decay 
and absorption corrections applied, R = 0.0534, R, = 0.0504 for 5233 
observations [ I  3 3o(r)] and 445 variables. 

Fig. 1. A view of the structure of complex 2a. The Au-Cl and Au-P 
distances range from 2.270(6)-2.297(6) 8, and 2.191(6)-2.223(6) 8, 
respectively. The P-Au-Cl units are all somewhat distorted from 
linearity [range of angles P-Au-Cl 164.2(2)-167.7(2)"], apparently as 
a result of repulsive interactions between different AuCl units. For 
example, the shortest non-bonded Au..-Cl distance is Au(3)--.C1(2) 
3.359(8) 8, and the repulsive interaction on Cl(2) leads to the angle 
P( ~ ) - A u (  2)-C1( 2) 164.2( 2)". 

Treatment of ligand L with [(CuCCPh),] in the presence of 
pyridinium chloride gave [C5H5NH] [LCu4( F - C ~ ) ~ (  p3-Cl)] , 3a, 
in high yield (76%) with release of HCCPh which can be 
recovered quantitatively. Ligand L failed to react with 
(CuCCPh), in the absence of pyridinium chloride. The 
structure of 3a was determined by X-ray structure determina- 
tion and the anion is shown in Fig. 2.111 The main structural 
features are summarized as follows: (i) there is a C U ~ ( P - C ~ ) ~  
unit arranged in a crown shape around the bowl rim, and so 
closing the bowl, in which the Cu-C1 bond distances are in the 
range 2.306(6)-2.410(5) A; (ii) a C1- ion is trapped inside the 
bowl and is more weakly bound to  three of the copper atoms 
with Cu-C1 distances in the range 2.467(5)-2.548(6) A; (iii) as 
a result, the atoms Cu(1)-Cu(3) have irregular tetrahedral 
geometries with bond angles C1-Cu-C1 in the range 95.1(2)- 
109.7(2)' while Cu(4) has trigonal planar geometry. This 
crown structure is unprecedented in tetranuclear copper(1) 
halide derivatives, for which cubane or  ladder structures are 
typical.6 

The bromide and iodide derivatives of 3 (3b, X = Br; 3c, 
X = I) can be obtained either from 3a by halide exchange 
using LiBr and NaI respectively or by direct reaction of L with 
(CuCCPh), in the presence of C5HsN-HC1 and LiBr or NaI. 
The occluded p3-Cl as well as the more exposed vz-Cl ligands 

7 Data for 3a: NMRin CD2C12: S(31P) 134.9 (5); S(lH) 9.03 (s, br, 1H, 
C,H,N.HCl); 8.00-6.94 (m, 53H. arom.-H); 4.75 [s, br, 4H, 
CH(CH,),Ph]; 2.62 [s, br. 16H, CH(CH,),Ph]; 1.90 (s, 6H, MeCN). 
IR: vlcm-1 (NH) 3200w. 

/I Crystal data: C89H74N1C~4C1sP408.2MeCN, M = 1923, triclinic, Pi, 
a = 17.511(4), b = 21.479(4), c = 13.253(2) A, (x = 101.52(1), (s = 
111.94(1), y = 82.14(2)", V = 4519.8(16) A3, Z = 2. Enraf Nonius 
CAD4F diffractometer, graphite monochromator, Mo-Ka radiation, 
h = 0.71073 A, 12 047 unique data, Lorentz, polarization. decay and 
absorption corrections applied, R = 0.0803 and R, = 0.0863 for 4651 
observations [ I  2 3o(l)] and 439 variables. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre for both structures 2a and 3a. See Notice to Authors, 
Issue No. 1. 
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Fig. 2. A side view of the molecular structure of 3a. The phenyl rings 
(both PPh and CH2CH2Ph) have been omitted for clarity. The guest 
chloride ion is Cl(5). 

of 3a are readily replaced by bromide or iodide. The 31P NMR 
spectra of complexes 3 in CH2C12 solution contain only one 
resonance either at room temperature or at -90 "C whereas, 
in the solid-state structure, three such resonances would be 

expected. This indicates that the anions 3 are fluxional, with 
the trapped p3-Cl ligand migrating rapidly between the four 
copper atoms to give effective fourfold symmetry. This type of 
inclusion compound appears to be unique for the calixarenes 
and is made possible by the presence of the electrophilic 
copper(r) centres. 

The difference in the preferred stereochemistries of gold(r) 
and copper(1) clearly has a profound effect on the ability of the 
bowl complexes to occlude a halide ion. The gold complex 
does not bind halide ions strongly whereas the copper complex 
does. Clearly, by modifying the metal substituents, there is the 
potential to tune the halide binding ability. 
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