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p-tert-Butylcalix[4]arene tetrakis(diphenylphosphinite), calix[4]-(PPh2)4 (1), and tetrakis(dimethylphosphinite),
calix[4]-(PMe2)4 (2), provide a phosphorus surface consisting of four coplanar trivalent phosphorus atoms for
binding two metal ions into a close geometrical proximity. Homodimetallic complexes have been obtained in
the reaction of1 with [(COD)MCl2] [COD ) cycloocta-1,5-diene], namely, [{calix[4]-(PPh2)4}(MCl2)2] [M )
Pd (3), Pt (4)]. Characterizations by1H and31P NMR were particularly informative and showed how the bridging
methylene of the calix[4]arene skeleton may function as a spectroscopic probe. A dimeric complex was obtained
by reacting1 with [Rh(CO)2Cl]2 to give [{calix[4]-(PPh2)4}{Rh(CO)Cl}2] (5). Reaction of1 with excess NiCl2
gave exclusively the monometallic complex, [{calix[4]-(PPh2)4}NiCl2] (6), regardless of the stoichiometry used.
The analogous Pd monometallic complex (7) undergoes a ligand disproportionation reaction, while the corresponding
Pt analogue does not exist under the same conditions. Complex6 represents a good entry to dinuclear
heterodimetallic complexes. In fact, its reaction with [(NBD)Mo(CO)4] [NBD ) norbornadiene] led to [{calix[4]-
(PPh2)4}NiCl2{Mo(CO)4}] (8). The use of the more basic and less sterically demanding ligand2 led to the
synthesis of homonuclear bimetallic complexes [{calix[4]-(PMe2)4}(MCl2)2] [M ) Ni (9), Pd (10), Pt (11)].

Introduction

The phosphorus functionalization of calix[4]arene1 in its cone
conformation provides a rather unique planar set of four
phosphorus atoms and thus mimics a binding surface for
transition metals. The methodology for the exhaustive phos-
phorus derivatization of calix[4]arene was introduced by us a
few years ago.2 It consisted of convertingp-tert-butylcalix[4]-
arene into the corresponding phosphinite derivative using
diphenylchlorophosphane and 3-tert-butyl-2-chloro-1,3,2-oxa-
phospholidine.2a More recently, examples of partial P-func-
tionalization of the lower and the upper rims of the calix[4]-
arene skeleton were pursued, along with their use in metal
complexation.3,4 Only very recently two approaches on calix-
[n]arene-related systems were reported, namely, the synthesis

of calix[4]phosphole by Mathey5 and resorcinarene phosphinites
and phosphonites by Puddephatt.6

The objective of our investigation was to utilize the fully
P-functionalized calix[4]arene for fixing dimetallic units. We
felt that this should exist without the support of any bridging
ligand or metal-metal bond; thus the two metal centers on the
calix[4]arene phosphorus skeleton are held within cooperative
distance. This, however, largely depends on the steric hindrance
of the R substituent in the PR2 fragment.
We report here the complexation of transition metal ions by

both thep-tert-butylcalix[4]arenetetrakis(diphenylphosphinite),
calix[4]-(PPh2)4, andp-tert-butylcalix[4]arene tetrakis(dimeth-
ylphosphinite), calix[4]-(PMe2)4. Particular attention is devoted
to the structural analysis of such compounds in solution by

* To whom correspondence should be addressed.
† University of Lausanne.
‡ University of Parma.
X Abstract published inAdVance ACS Abstracts,March 15, 1997.

(1) For comprehensive reviews, see: (a) Bo¨hmer, V.Angew. Chem.1995,
107, 785. (b) Shinkai, S.Tetrahedron1993, 49,8933. (c) Vicens, J.,
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NMR, particularly on the bridging methylene which can be used
as a spectroscopic probe for inspecting the metal fragments
attached to the P4 system.

Experimental Section

General Procedure. Unless otherwise noted, materials were
obtained from commercial suppliers and used without further purifica-
tion. Solvents were dried and distilled by standard methods prior to
use. All compounds were handled using modified Schlenk techniques
under a nitrogen atmosphere or in an inert atmosphere drybox under
nitrogen. 1H NMR spectra were recorded at 200.132 MHz and31P{1H}
NMR spectra at 81.015 MHz on a Bruker AC-200 instrument or on a
Bruker AMX-400 instrument at 400.264 and 162.03 MHz, respectively.
They are referenced to an external standard of tetramethylsilane atδ
) 0 with positive value to low field and to an external standard of
phosphoric acid (85%) with positive value to low field, respectively.
The standard for195Pt is [Na2PtCl6]. If not noted otherwise, the spectra
were recorded in CD2Cl2 at 293 K. The magnitude of the coupling
constant is given in positive value if not noted otherwise. IR spectra
were recorded on a Perkin-Elmer 1600 FT IR instrument.
The following compounds were synthesized according to the

published methods:p-tert-butylcalix[4]arene,7 calix[4]-(PPh2)4, [(COD)-
PtCl2],8a [(COD)PdCl2]8b [COD) cycloocta-1,5-diene], NiCl2,8c [(NBD)-
Mo(CO)4]8c [NBD ) norbornadiene) bicyclo[2.2.1]hepta-2,5-diene],
[Rh(CO)2Cl]2,8e and [{calix[4]-(PPh2)4}{Fe(CO)3}2].
Preparation of 2. To a stirred suspension ofp-tert-butylcalix[4]-

arene (12.98 g, 20.0 mmol) in THF (100 mL) was added dropwise
BunLi (50 mL, 80 mmol). The resulting pale yellow solution was stirred
overnight. The solution was cooled to 0°C, and freshly distilled
dimethylchlorophosphine (7.72 g, 80 mmol) in THF (20 mL) was slowly
added while the reaction mixture was kept at 0°C. A white precipitate
formed immediately. The reaction mixture was allowed to come to
room temperature and stirred for 4 h. Evaporation of the solvent yielded
a yellow taffy product, which was redissolved in toluene (15 mL). LiCl
was filtered off over a bed of Celite. The resulting yellow solution
was evaporated to dryness. Adding acetonitrile (100 mL) yielded a
white precipitate, which was filtered off and dried. The product was
recrystallized fromn-octane. Yield: 14.5 g (83.4%). Anal. Calcd
for C52H76O4P4: C, 70.23; H, 8.62. Found: C, 70.06; H, 8.72.1H
NMR: δ ) 7.69 (s, 8H); 5.49 (d,J ) 12.6 Hz, 4H); 4.19 (d,J ) 12.6
Hz, 4H); 2.67 (d,J ) 6 Hz, 24H); 2.16 (s, 36H).31P{1H} NMR: δ )
127.3.
Preparation of 3. To a stirred solution of1 (1.88 g, 1.36 mmol) in

dichloromethane (10 mL) was added a solution of [(COD)PdCl2] (0.776
g, 2.72 mmol) in dichloromethane (10 mL). The solution slowly turned
orange and was stirred overnight. The solvent was evaporated to
dryness and the orange residue washed with coldn-hexane (30 mL),
filtered off, and dried. Crystals suitable for X-ray analysis were
obtained from toluene/acetonitrile. Yield: 2.34 g (93.4%). Anal. Calcd
for C92H92Cl4O4P4Pd2‚C7H8: C, 64.89; H, 5.50. Found: C, 64.84; H,
5.72. 1H NMR (400 MHz, CD2Cl2, 293 K): δ ) 8.03 (m, 5H); 7.53
(m, 10H); 7.26 (m, 5H); 7.17 (m, 10H); 7.06 (m, 10H); 6.53 (d,J )
2.2 Hz, 4H); 6.29 (d,J) 2.2 Hz, 4H); 5.19 (dt,J1 ) 13.6 Hz,J2 ) 2.1
Hz, 2H); 4.25 (d,J) 14 Hz, 2H); 2.71 (dd,J1 ) 13.6 Hz,J2 ) 14 Hz,
4H); 0.90 (s, 36H). 31P{1H} NMR: δ ) 117.7.
Preparation of 4. To a stirred solution of1 (1 g, 0.722 mmol) in

dichloromethane (10 mL) was added a solution of [(COD)PtCl2] (0.539
g, 1.44 mmol) in dichloromethane (10 mL). The solution slowly turned
yellow and was stirred overnight. The solvent was evaporated to
dryness, and the white residue was washed with coldn-hexane (30
mL), filtered off, and dried. Crystals suitable for X-ray analysis were
obtained from toluene/acetonitrile. Yield: 1.31 g (95.5%). Anal. Calcd
for C92H92Cl4O4P4Pt2: C, 57.62; H, 4.84. Found: C, 57.68; H, 5.00.
1H NMR: δ ) 8.12 (m, 5H); 7.61 (m, 5H); 7.17 (m, 30H); 6.51 (d,J
) 2.6 Hz, 4H); 6.30 (d,J ) 2.4 Hz, 4H); 5.86 (dt,J1 ) 11.4 Hz,J2 )
3.4 Hz, 2H); 4.38 (d,J ) 14 Hz, 2H); 2.85 (d,J ) 14 Hz, 4H); 0.90

(s, 36H). 31P{1H} NMR: δ ) 90.7 (JP-Pt ) 4368 Hz). 195Pt{31P,1H}
NMR: δ ) -1736 (JPt-P ) 4285 Hz).
Preparation of 5. To a stirred solution of1 (1.0 g, 0.722 mmol) in

dichloromethane (10 mL) was added a solution of [Rh(CO)2Cl]2 (0.28
g, 0.722 mmol) in dichloromethane (10 mL). The solution slowly
turned yellow and was stirred overnight. After addition ofn-hexane
(50 mL) a white precipitate formed and was filtered off. It turned out
to be free ligand (0.48 g). The solvent was evaporated to dryness.
Crystals suitable for X-ray analysis were obtained on extraction with
diethyl ether. Yield: 350 mg (56.6%). Anal. Calcd for C94H92-
Cl2O6P4Rh2: C, 65.72; H, 5.40. Found: C, 65.59; H, 6.09. IR
(CH2Cl2): ν (CO) ) 1994 (s) cm-1. 1H NMR: δ ) 8.06 (m, 5H);
7.66 (s, 4H); 7.35 (m, 5H); 7.69 (m, 30H); 6.56 (d,J ) 13.4 Hz, 2H);
6.08 (s, 4H); 4.88 (d,J ) 13.6 Hz, 2H); 3.65 (d,J ) 13 Hz, 2H); 1.85
(d, J ) 12.6 Hz, 2H); 1.59 (s, 18H); 0.79 (s, 18H).31P{1H} NMR: δ
) 138.1 (d,JP-Rh ) -214 Hz), 135 (d,JP-Rh ) -212 Hz).
Preparation of 6. To a stirred suspension of1 (5 g, 3.6 mmol) in

THF (100 mL) was added solid NiCl2 (1.0 g, 7.7 mmol). The
suspension was heated at reflux for 3 days while slowly turning deep
red. The hot solution was filtered in order to remove excess NiCl2.
Evaporation to half of its volume and addition of toluene (150 mL)
yielded a red powder, which was filtered off and dried. Yield: 5.05 g
(92.5%). Anal. Calcd for C92H92Cl2NiO4P4: C, 72.9; H, 6.0. Found:
C, 72.63; H, 6.22.1H NMR: δ ) 8.22 (m, 5H); 7.6 (m, 10H); 7.3 (m,
10H); 7.0 (m, 15H); 6.57 (dd,J1 ) 2.4 Hz,J2 ) 8 Hz, 4H); 6.40 (dt,
J) 14 Hz, 1H); 6.44 (d,J) 2.02 Hz, 2H); 6.11 (d,J) 2.02 Hz, 2H);
4.76 (d,J ) 13 Hz, 1H); 3.67 (d,J ) 13.8 Hz, 2 H); 3.53 (d,J ) 13.6
Hz, 1H); 2.87 (d,J ) 12.8 Hz, 1H); 2.11 (d,J ) 13.8 Hz, 2H); 0.99
(s, 18H); 0.83 (s, 18H).31P{1H} NMR: δ ) 121, 112.6.
Preparation of 7. To a stirred solution of1 (1.0 g, 0.722 mmol) in

dichloromethane (10 mL) was added a solution of [(COD)PdCl2] (0.206
g, 0.722 mmol) in dichloromethane (10 mL). The solution slowly
turned orange and was stirred overnight. The solvent was evaporated
to dryness, and the orange residue was washed with coldn-hexane (30
mL), filtered off, and dried. Yield: 0.95 g (84.2%). Anal. Calcd for
C92H92Cl2O4P4Pd: C, 70.7; H, 5.93. Found: C, 70.52; H, 6.30.1H
NMR: δ ) 8.13 (m, 5H); 7.43 (m, 10H); 7.26 (m, 10H); 7.22 (m,
15H); 6.61 (d,J) 2.6 Hz, 2H); 6.51 (dd,J1 ) 8 Hz,J2 ) 2.4 Hz, 4H);
6.44 (d,J ) 2.5 Hz, 2H); 5.9 (dt,J ) 14.1 Hz, 1H); 4.78 (d,J ) 12.8
Hz, 1H); 3.76 (d,J ) 14 Hz, 2H); 3.24 (d,J ) 13.4 Hz, 1 H); 2.90 (d,
J ) 12.8 Hz, 1H); 2.18 (d,J ) 13.6 Hz, 2H); 0.99 (s, 18H); 0.87 (s,
18H). 31P{1H} NMR: δ ) 121.1, 114.8.
Preparation of 8. To a solution of6 (0.54 g, 0.36 mmol) in THF

(50 mL) was added solid [(NBD)Mo(CO)4] (0.11 g, 0.36 mmol).
Stirring was maintained over a period of 3 h with a concomitant color
change from deep red to light red. The solution was evaporated to
dryness and the residue recrystallized from toluene. Yield: 0.53 g
(83.3%). Anal. Calcd for C96H92Cl2MoNiO8P4: C, 66.91; H, 5.38.
Found: C, 66.75; H, 5.97. IR (CH2Cl2, 293 K): ν (CO)) 2025 (vs),
1958 (b), 1905 (b) cm-1. 1H NMR: δ ) 7.66 (s, 5H); 7.35 (m, 5H);
7.69 (m, 30H); 6.56 (d,J ) 2.2 Hz, 2H); 6.48 (d,J ) 2.2 Hz, 2H);
6.29 (d,J ) 2.3 Hz, 2H); 6.24 (d,J ) 2.3 Hz, 2H); 5.81 (dt,J ) 13.4
Hz, 1H); 5.59 (dt,J ) 13.7 Hz, 1H); 5.10 (d,J ) 13 Hz, 1H); 4.6 (d,
J )13 Hz, 1H); 3.2 (d,J ) 14 Hz, 2H); 1.85 (d,J ) 12.6 Hz, 2H);
0.97 (s, 18H); 0.80 (s, 18H).31P{1H} NMR: δ ) 146.7, 103.2.
Preparation of 9. To a stirred suspension of2 (0.43 g, 0.483 mmol)

in THF (50 mL) was added solid NiCl2 (0.41 g, 3.16 mmol). The
suspension was heated at reflux for 2 days and slowly turned deep red.
The hot solution was filtered in order to remove excess NiCl2. Cooling
resulted in orange needles. Red cubic crystals suitable for X-ray
analysis were obtained from toluene/acetonitrile. Yield: 0.41 g
(73.9%). Anal. Calcd for C52H76Cl4Ni2O4P4: C, 54.39; H, 6.67.
Found: C, 52.89; H, 6.94.1H NMR: δ ) 7.01 (s, 4H); 6.95 (s, 4H);
5.23 (d,J ) 12 Hz, 2H); 4.18 (d,J ) 13 Hz, 2H); 3.84 (d,J ) 13.4
Hz, 2H); 3.29 (d,J ) 13.3 Hz, 2H); 1.67 (s, 12H); 1.55 (s, 12H); 1.11
(s, 36H). 31P{1H} NMR: δ ) 126.5.
Preparation of 10. To a stirred solution of2 (0.26 g, 0.296 mmol)

in dichloromethane (10 mL) was added a solution of [(COD)PdCl2]
(0.17 g, 0.592 mmol) in dichloromethane (10 mL). The solution slowly
turned orange and was stirred overnight. The solvent was evaporated
to dryness, and the orange residue was washed with coldn-hexane (30
mL), filtered off, and dried. Crystals suitable for X-ray analysis were

(7) Gutsche, C. D.; Iqbal, M.Org. Synth.1985, 68, 234-237.
(8) Handbuch der Pra¨paratiVen Anorganischen Chemie,3rd ed.; Brauer,

G., Ed.; Enke: Stuttgart, 1981; (a) p 1908, (b) p 1904, (c) p 1685, (d)
p 1884, (e) p 1961.
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obtained from toluene/acetonitrile. Yield: 0.32 g (80.2%). Anal. Calcd
for C52H76Cl4O4P4Pd2‚C7H8: C, 53.05; H, 6.34. Found: C, 53.35; H,
6.34. 1H NMR: δ ) 7.07 (d,J ) 2.3 Hz, 4H); 6.95 (d,J ) 2.3 Hz,
4H); 4.72 (dt,J1 ) 13.2 Hz,J2 ) 2.5 Hz, 2H); 4.28 (d,J ) 13.2 Hz,
2H); 3.68 (d,J ) 13.2 Hz, 2H); 3.41 (d,J ) 13 Hz, 2H); 2.56 (virtual
triplet, 12H); 1.84 (virtual triplet, 12 H); 1.12 (s, 36 H).31P{1H}
NMR: δ ) 129.0.

Preparation of 11. To a stirred solution of2 (0.30 g, 0.342 mmol)
in dichloromethane (10 mL) was added a solution of (COD)PtCl2 (0.26
g, 0.684 mmol) in dichloromethane (10 mL). The solution slowly
turned yellow and was stirred overnight. The solvent was evaporated
to dryness, and the white residue was washed with coldn-hexane (30
mL), filtered off, and dried. Crystals suitable for X-ray analysis were
obtained from toluene/acetonitrile. Yield: 0.29 mg (60.1%). Anal.
Calcd for C52H76Cl4O4P4Pt2: C, 43.95; H, 5.39. Found: C, 44.24; H,
5.63. 1H NMR: δ ) 7.07 (d,J ) 2.2 Hz, 4H); 6.95 (d,J ) 2.3 Hz,
4H); 5.23 (dt,J1 ) 13.2 Hz,J2 ) 2.0 Hz, 2H); 4.30 (d,J ) 13 Hz,
2H); 3.64 (d,J ) 13.4 Hz, 4H); 3.40 (d,J ) 13.2 Hz, 4H); 2.57 (dd,
JP-H ) 13.4 Hz,JPt-H ) 40.8 Hz, 12H); 1.82 (dd,JP-H ) 13.4 Hz,
JPt-H ) 40.8 Hz, 12H); 1.12 (s, 36H).31P{1H} NMR: δ ) 95.2 (JP-Pt

) 4170 Hz).

X-ray Crystallography for Complexes 2, 10, and11. Suitable
single crystals of complexes2, 10, and 11 were mounted in glass
capillaries and sealed under nitrogen. The reduced cells were obtained
with the use of TRACER.9 Crystal data and details associated with
data collection are given in Tables 1 and S1 (Supporting Information).
Data were collected at room temperature (295 K) on a single-crystal
diffractometer (Siemens AED for2, and10 and Enraf-Nonius CAD4
for 11. For intensities and background, individual reflection profiles
were analyzed.10 The structure amplitudes were obtained after the usual
Lorentz and polarization corrections,11 and the absolute scale was
established by the Wilson method.12 Intensities of compound2 were
corrected for crystal decay (68%), detected during data collection
through the decay of three standard reflections. The crystal quality
was tested byψ scans showing that crystal absorption effects could
not be neglected. Data were then corrected for absorption using the
program ABSORB13 for all compounds. The function minimized during
the least-squares refinement was∑w(∆F2)2. Anomalous scattering

corrections were included in all structure factor calculations.14b Scat-
tering factors for neutral atoms were taken from ref 14a for non-
hydrogen atoms and from ref 15 for H. Structure solutions and
refinements were based on the observed reflections [I > 2σ(I)].
The structures were solved by direct methods using SHELX8616 for

2 and by the heavy-atom method starting from a three-dimensional
Patterson map for10 and11. Refinements were done by full-matrix
least squares first isotropically, then anisotropically for all the non-H
atoms, except for the disordered atoms. As is usually observed in
calixarene compounds, some methyl carbon atoms oftert-butyl groups
(C30-C32, C35, C38-C40 in2; C21-C23 in10; C17-C19 and C21-
C23 in 11) were affected by high thermal parameters indicating the
presence of disorder. This was solved by splitting the atoms over two
positions isotropically refined with a site occupation factor of 0.5.
During the refinement the C-C bond distances were constrained to
1.54(1) Å. In compound2 one PMe2 group (P3, C49, C50) was found
to be disordered over two positions sharing the C49 methyl carbon
atom. The P3 and C50 atoms were split over two positions (A and B)
and refined anisotropically (for P3) and isotropically (for C50) with
site occupation factors of 0.6 and 0.4, respectively. In the isostructural
complexes10and11 the C29 methyl of the guest acetonitrile molecule
and the toluene solvent molecule of crystallization (C41-C47) were
found to be disordered about a mirror plane. These were isotropically
refined with a site occupation factor of 0.5. Moreover the acetonitrile
solvent molecule (N2, C30, C31) was found to be statistically distributed
over two positions (A and B) isotropically refined with a site occupation
factor of 0.25 since the two positions were in the near proximity of a
mirror plane. The choice of the space group in complexes10 and11
was done on the basis of theE-statistics and confirmed by the successful
structure refinements. Attempts to refine the structures in the non-
centrosymmetricPna21 space group in order to remove disorder were
unsuccessful due to strong correlations between symmetry-related atoms
and the persistence of disorder.
All hydrogen atoms except those associated with the disordered

carbon atoms, which were ignored, were put into calculated positions
for 2 and located from difference Fourier maps for10 and11. They
were introduced in the subsequent refinements as fixed atom contribu-
tions with isotropicU’s fixed at 0.10 for2 and 0.08 Å2 for 10 and11.
In the last stage of refinement the weighting schemew ) 1/[σ2(Fo2) +
(aP)2] with P ) (Fo2 + 2Fc2)/3 anda ) 0.1695, 0.1094, and 0.0827
for 2, 10, and11, respectively, was applied.
All calculations were performed by using SHELX7617 for the early

stages of solution and SHELXL9218 for refinements. The final
difference maps showed no unusual feature, with residual peaks about
1.00 e Å-3 for 10and11 located along the direction of M-P and M-Cl
bonds. Final atomic coordinates are listed in Tables S2-S4 for non-H
atoms and in Tables S5-S7 for hydrogens. Thermal parameters are
given in Tables S8-S10, bond distances and angles in Tables S11-
S13.19

Results and Discussion

1. p-tert-Butylcalix[4]arene Tetrakis(phosphinites). The
syntheses of the calix[4]arene phosphinite ligands1 and2were
carried out by reacting the dialkyl- or diarylchlorophosphane
with the lithium salts ofp-tert-butylcalix[4]arene, which was
preparedin situ (eq 1).2 The synthesis of1 has been detailed
recently,2 while the synthesis of2 is reported here. Reaction 1
carried out with dimethylchlorophosphane20 gave a white solid,
which is very soluble in the majority of the solvents, including

(9) Lawton, S. L.; Jacobson, R. A.“TRACER”, a cell reduction program;
Ames Laboratory: Iowa State University of Science and Technology,
1965.

(10) Lehmann, M. S.; Larsen, F. K.Acta Crystallogr., Sect. A: Cryst. Phys.,
Diffr., Theor. Gen. Crystallogr.1974, A30, 580.

(11) Data reduction, structure solution, and refinement were carried out
on an IBM PS2/80 personal computer and on an Encore 91 computer.

(12) Wilson, A. J. C.Nature (London)1942, 150, 151.
(13) Ugozzoli, F. ABSORB. A program forFo absorption correction. In

Comput. Chem.1987, 11, 109.

(14) “International Tables for X-ray Crystallography”; Kynoch Press:
Birmingham, England, 1974; Vol. IV, (a) p 99, (b) p 149.

(15) Stewart, R. F.; Davidson, E. R.; Simpson, W. T.J. Chem. Phys.1965,
42, 3175.

(16) Sheldrick, G.SHELX86, Program for the solution of crystal structures;
University of Göttingen: Göttingen, Germany, 1986.

(17) Sheldrick, G. M.SHELXL76, Program for crystal structure determi-
nation; University of Cambridge: Cambridge, England, 1976.

(18) Sheldrick, G. M.SHELXL92,Program for crystal structure refinement,
University of Göttingen: Göttingen, Germany, 1992.

(19) See the paragraph at the end of the paper regarding the Supporting
Information.

(20) Parshall, G. W.Org. Synth.1965, 45, 102.

Table 1. Experimental Data for the X-ray Diffraction Studies on
Crystalline Complexes2, 10, and11

complex 2 10 11

empirical formula C52H76O4P4 C52H76Cl4O4P4Pd2 C52H76Cl4O4P4Pt2
a (Å) 17.853(3) 23.275(5) 23.255(3)
b (Å) 11.444(2) 22.856(5) 22.846(3)
c (Å) 14.272(2) 14.256(4) 14.207(2)
R (deg) 70.20(2) 90 90
â (deg) 93.02(2) 90 90
γ (deg) 82.58(2) 90 90
V (Å)3 2706.0(9) 7584(3) 7548.0(18)
Z 2 4 4
fw 889.1 1417.9 1595.3
space group P1h Pnma Pnma
t (°C) 22 22 22
λ (Å) 1.541 78 0.710 69 0.710 69
Fcalcd (g cm-3) 1.091 1.242 1.404
µ (cm-1) 15.89 7.32 40.07
Ra 0.112 0.061 0.055
Rwb 0.293 0.155 0.135

a R ) ∑|∆F|/∑|Fo| (calculated for the unique observed data).b Rw
) [∑w(∆F2)2/∑(wFo2)2]1/2 (calculated for the unique observed data).
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aliphatic hydrocarbons. The NMR spectrum of the crude
product showed a mixture of all conformers, with the prevalence
(ca. 90%) of the cone conformer. Fortuitously, the cone
conformer is insoluble in acetonitrile, which results in simple
purification and isolation.
The31P{1H} NMR spectrum of2 consists of a singlet atδ )

127.3. In the1H NMR spectrum, the signals assigned to the
bridging methylene protons are split into two doublets with a
coupling constant of2J ) +12.6 Hz. This nonequivalency
(diastereotopicity) is due to the fact that one proton is oriented
out of the calixarene macrocycle (theexoproton) and the other
oriented inward (theendoproton). In addition, theendoproton
is influenced by the dipolar moments of the neighbouring
oxygen atoms. This splitting is clear evidence for the cone
conformation.21 The signal of the methyl groups bonded to
phosphorus appears as a doublet due to the coupling of the
methylene protons with phosphorus; the magnitude of the
coupling constant is2JP-H ) +6 Hz.
The solid state structure of2 (Figure 1) confirmed the results

in solution derived from the NMR data, and it shows that there
is a close solid state-solution structural correlation. Selected
bond distances and angles are given in Table 2, and relevant
conformational parameters are compared in Table 3. The O4

core is nearly planar; the displacement from the mean plane
ranges from-0.053(5) to 0.072(6) Å. It is parallel to the
reference plane defined by the C7, C14, C21, and C28 bridging
methylene carbon atoms, the dihedral angle between them being
2.6(1)°. The mean plane through the P1, P2, P3A, P3B, and
P4 atoms shows remarkable distortions ranging from-0.601(4)
to 0.310(3) Å. The dihedral angles it forms with the reference
plane and the O4 core are 5.5(1) and 2.9(1)°, respectively. The
torsion angle of the O4 plane (O1-O2-O3-O4) is 4.31(3)°.
The corresponding angle for the P4 plane (P1-P2-P3A-P4)
is -17.45(6)°. In contrast to the ligand calix[4]-(PPh2)4 (1)22

the O4 and P4 planes are no longer almost planar and parallel.
This is due to the increased flexibility of the dimethylphosphino
groups in calix[4]-(PMe2)4 (2) as compared to the diphenylphos-
phino groups in1. The A and B positions of the P3 phosphorus
atom are symmetrically arranged with respect to a local mirror
plane running perpendicular to the P2‚‚‚P4 line without giving
rise to inconsistent intramolecular contacts. The contact
distances between adjacent phosphorus atoms are 5.320(3) and
4.988(3) Å for P1‚‚‚P2 and P1‚‚‚P4, respectively, and range
from 4.367(7) to 5.669(6) Å for those involving the P3
disordered atom. The functionalization of the oxygen atoms
by the dimethylphosphino groups removes theC4 symmetry of
the calix[4]arene, which assumes an elliptical cone section
conformation, two aromatic rings (A, C) being pushed outward
and two (B, D) inward with respect to the cavity of the
macrocycle (Table 3). This reflects in the separation between
oppositepara carbon atoms, the C4‚‚‚C17 and C10‚‚‚C24
distances being 9.222(15) and 5.443(9) Å. The overall con-
formation of the macrocycle should be attributed to the
flexibility of calixarene and the steric hindrance of the PMe2

groups. In this respect it is worth noting that only one of these
methyl groups is oriented toward the columnar axis of calixarene
giving rise to the shortest C‚‚‚P intraligand contact: C49‚‚‚P1,
3.728(12) Å. Unfortunately the C49 methyl is bonded to the
disordered P3 atom, preventing thorough conclusions on possible
interactions between the methyl protons and the P1 lone pair.
2. Metal Complexation byp-tert-Butylcalix[4]arene Tet-

rakis(diphenylphosphinite). 2A. Homodimetallic Com-
plexes. The displacement of a labile ligand has been used for
the metalation of1 according to eq 2. Complexes3 and4 have
been obtained as crystalline solids (yield>95%). Their
syntheses, without any structural information, have been briefly
mentioned.23 The structures were assigned on the basis of a

(21) Happel, G.; Mathiasch, B.; Ka¨mmerer, H.Makromol. Chem. 1975,
176, 3317.

(22) Floriani, C.; Chiesi-Villa, A.; Rizzoli, C. Unpublished results.

Figure 1. A SCHAKAL view of compound2. Disorder omitted for
clarity.

Table 2. Selected Bond Distances (Å) and Angles (deg) for
Compound2

P1-O1 1.663(5) P3B-C49 1.919(11)
P1-C45 1.793(10) P3B-C50B 1.81(4)
P1-C46 1.793(11) P4-O4 1.664(4)
P2-O2 1.663(4) P4-C51 1.784(16)
P2-C47 1.798(13) P4-C52 1.816(12)
P2-C48 1.773(13) O1-C1 1.389(14)
P3A-O3 1.717(7) O2-C13 1.396(10)
P3A-C49 1.800(11) O3-C20 1.394(8)
P3A-C50A 1.82(2) O4-C27 1.410(11)
P3B-O3 1.677(10)

C45-P1-C46 95.9(6) O3-P3B-C50B 101.0(12)
O1-P1-C46 105.6(4) O3-P3B-C49 91.0(5)
O1-P1-C45 105.2(4) C51-P4-C52 97.3(6)
C47-P2-C48 97.3(6) O4-P4-C52 96.5(5)
O2-P2-C48 102.6(5) O4-P4-C51 100.3(4)
O2-P2-C47 97.3(4) P1-O1-C1 122.5(4)
C49-P3A-C50A 99.0(8) P2-O2-C13 116.3(4)
O3-P3A-C50A 99.9(7) P3B-O3-C20 115.4(5)
O3-P3A-C49 93.9(4) P3A-O3-C20 117.3(5)
C49-P3B-C50B 100.3(11) P4-O4-C27 115.9(5)

Table 3. Comparison of Conformational Parameters for
Compounds2, 10, and11

dihedral anglea (deg) 2 10 11

E-O4 2.6(1) 0.2(1) 1.1(2)
E-A 127.7(2) 113.1(2) 112.1(2)
E-B 90.7(2) 116.8(2) 116.6(3)
E-C 133.1(2) 113.1(2) 112.1(2)
E-D 91.1(2) 116.8(2) 116.6(3)
A-C 99.3(3) 101.9(2) 101.7(2)
B-D 179.6(2) 105.1(2) 103.7(3)

a E refers to the reference plane C7, C14, C21, C28 in2; C7, C14,
C7′, C15 in10and11. O4 refers to the plane through the four phenolic
oxygens. A, B, C, and D refer to the aromatic rings bonded to O1,
O2, O3, and O4, respectively (O3 and O4 should be read O2′ and O1′
respectively for10 and11).
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comparison of their1H NMR spectra with that of [{calix[4]-
(PPh2)4}{Fe(CO)3}2], for which we reported the X-ray analysis.2b

In order to simplify the understanding of the spectroscopic data,
we should mention that the overall structure of3 and4 consists
of two 10-membered metallacycles, bridged by two methylene
groups. The phosphametallacycle is shown in Figure 2 with
the numbering scheme of relevant protons. Additional support
to the proposed structures comes from their31P{1H} NMR
spectra.
The detailed analysis of the NMR data of3 also applies to4

and analogous derivatives. The31P{1H} NMR spectrum
consists of a singlet assigning the four phosphorus atoms as
equivalents (δ ) 117.7 ppm), which is in agreement with the
singlet observed for the four But signals in the1H NMR
spectrum (δ ) 0.90). These data are consistent with the
proposed structure of3. The signals which were assigned to
the protons of the aryl groups were split into two doublets with
a coupling constant of4J ) +4 Hz. This nonequivalency is
due to the fact that two aryl protons are inside the 10-membered
metallacycle (H1) and two are pointing outside the metallacycle
(H2) (see Figure 2). The doublet (2J ) +14 Hz) at 2.71 ppm
has been assigned to theexoproton of the bridging methylene
(Figure 2), while theendoproton appears at 5.19 ppm as a
doublet of triplets with coupling constants of2J ) +13.6 Hz
(coupled to the geminalexo) and ofJ ) +2.1 Hz. The latter
coupling may be due to coupling between Hendo and the two
equivalent phosphorus atoms of the metallacycle (a similar P-H
coupling in a phosphaoxetane derivative was observed by Pastor
et al.24) or to coupling with the aryl protons. The latter
possibility was excluded, on the basis of magnitude of the
corresponding4JH-H coupling constant (∼1 Hz).25

Apparently, the metal atom forces the metallacycle into a
favorable geometry where P-Hendo coupling can occur either
“through bonds” or “through space”.26 A two-dimensional
hetero-COSY (or HETCOR) experiment for31P-1H determines
J-coupled protons to the phosphorus nuclei.27 This would allow
one to see whether the P-H coupling was a5JP-H coupling
through bonds or not. In spite of several mixing times, only
the protons from the adjacent phenyl rings in3 appeared to be
coupled to phosphorus. This result rules out the possibility of
through-bond coupling. To confirm this conclusion, a hetero-
TOCSY (total correlation spectroscopy)31P-1H experiment was
performed on3 (Figure 3).

The singlet in the31P{1H} NMR spectrum correlates with
the signals of two doublets assigned to the methylene protons
in the 1H NMR spectrum. These signals were assigned as
follows: the first correlated signal was assigned to the doublet
of Hexo at δ ) 2.71 and the second correlated signal to the
doublet of triplets of Hendo at 5.19 ppm. A through-space
interaction28 between Hendoand the two equivalent phosphorus
atoms of the metallaphosphacycle can therefore be postulated.
This effect was observed for the corresponding platinum,4,
nickel,6, and iron, [{calix[4]-(PPh2)4}{Fe(CO)3}2], derivatives.2b
The31P{1H} NMR spectrum of4 consists of a singlet with the
corresponding195Pt satellites atδ ) 90.7 and a coupling constant
of 1JP-Pt ) +4368 Hz. The195Pt spectrum showed one peak
atδ ) -1736 with a coupling constant of1JP-Pt ) +4285 Hz.
The splitting pattern of the1H NMR spectrum was identical to
that of the palladium analogue3, the major difference being
the chemical shift of theendoproton of the methylene group,
moving from 5.19 to 5.86 ppm.
The use of ligand1 allowed the generation of another

interesting starting material for this reactivity study, namely,
the dimetallic rhodiumcis analogue of the Vaska compound.
The synthesis was achieved in CH2Cl2 according to eq 3, and
complex5was obtained from Et2O as a yellow crystalline solid.
The IR spectrum shows a single CO stretching vibration at

1994 cm-1. The 31P{1H} NMR spectrum consists of two
doublets atδ ) 138.1 and 135 (1JP-Rh ) -214 and-212 Hz).
In the 1H NMR spectrum two singlets of equal intensity are

(23) Xu, W.; Puddephatt, R. J.; Manojlovic-Muir, L.; Muir, K. W.;
Frampton, C. S.J. Inclusion Phenom. Mol. Recogn. Chem.1994, 19,
227.

(24) Odorisio, P. A.; Pastor, S. D.; Spivack, J. D.; Steinhubel, L.Phosphorus
Sulfur Relat. Elem.1983, 15, 9.

(25) Bovey, F. A.Nuclear Magnetic Resonance Spectroscopy, 2nd ed.;
Academic: New York, 1987.

(26) See, for a related example: Goddard, J. D.; Payne, A. W.; Cook, N.;
Luss, H. R.J. Heterocycl. Chem. 1988, 25, 575.

(27) (a) Bampos, N.; Field, L. D.; Messerle, B.Organometallics1993, 12,
2529. For general reference: (b) Martinand, G. E.; Zektzer, A. S.Two
dimensional NMR Methods for Establishing Molecular ConnectiVity;
VCH: Weinheim, Germany, 1988. (c)Phosphorus-31 NMR Spec-
troscopy in Stereochemical Analysis;Verkade, J. G., Quin, L. D., Eds.;
VCH: Weinheim, Germany, 1987.

(28) (a) Hilton, J.; Sutcliffe, L. H.Prog. Nucl. Magn. Reson. Spectrosc.
1975, 10, 27. (b) Mallory, F. B.J. Am. Chem. Soc. 1973, 95, 7747.
(c) Ernst, L.; Ibrom, K.Angew. Chem.1995,107, 2010. (d) Szalontai,
G.; Bakos, J.; To´th, I.; Heil, B.Magn. Res. Chem. 1987, 25, 761.

Figure 2. The metallacycle formed within the phosphacalix[4]arene.

Figure 3. Hetero-TOCSY (31P-1H) NMR spectrum of3 (400/162.030
MHz, CDCl3, 298 K).
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observed for the But groups (1.59 and 0.79 ppm), as well as
the nonequivalence of the phosphorus atoms in the31P{1H}
NMR spectrum. The signals assigned to the Hendowere shifted
downfield, as compared to the platinum and palladium derivative
at δ ) 6.56 (2J ) +13.4 Hz). This doublet was not further
split in a triplet as observed for3 and 4, because the two
phosphorus atoms of the phosphametallacycle are no longer
magnetically equivalent. It should be mentioned that, on the
basis of our spectroscopic data, it would be difficult to determine
the exact spatial arrangement of the two [Rh(CO)Cl] moieties,
though our NMR data allow one to conclude that we have a
single isomer among the possiblecis andtransdispositions of
the two CO groups. Thecis isomer is shown as5 in eq 3.
2B. Monometallic and Heterodimetallic Complexes.The

entry into this area was made possible by observing that reaction
of 1with NiCl2 gave only the monometalated species, regardless
of the large excess of NiCl2 used (eq 4). In the case of

palladium, the monometalated form is accessible by running
reaction 2 or using PdCl2 as the starting material with the
appropriate 1:1 ligand:metal stoichiometric ratio (eq 5). The

monometalated form in the case of Pd is, however, the kinetic
product. Keeping7 in solution for 2 weeks resulted in the slow
ligand disproportionation reaction, according to eq 6.

In the case of platinum, regardless of the starting material,
PtCl2 or [(COD)PtCl2], or the ligand:metal stoichiometric ratio,
we obtained exclusively the bimetallic complex4. The same
observation was made by mixing equimolar amounts of3 and
1. The equilibrium shown in eq 6 explains the traces of3
always found in the synthesis of7. The disproportionation
reaction has been monitored by31P{1H} NMR spectroscopy.
One singlet appears atδ ) 117.7 for3, while in the case of7
we observe two singlets atδ ) 121.1 and 114.8. The similar
31P{1H} and1H spectra of6 and7 (see Experimental Section)
suggest similar structures. Further support comes from an
approximate X-ray analysis on6.22 Details are given for the

NMR spectra of7. The downfield peak (δ ) 121.1) in the
31P{1H} NMR spectrum of7 was assigned to the two nonco-
ordinated phosphorus atoms on the basis of the value for the
free ligand at 121 ppm. The high-field signal (δ ) 114.8) was
assigned to the two phosphorus atoms bonded to palladium. The
shift to high field for the latter peak was greater than for the
corresponding bimetallic compound3 (δ ) 117.7). This may
be indicative of an increased bond strength due to less steric
strain.29 The two phenyl groups of the noncomplexed phos-
phorus, which areendoto the macrocyclic cavity, relieve steric
strain by twisting to a more favorable geometrical arrangement.
The corresponding1H NMR spectrum of7 shows two signals
at 0.99 and 0.87 ppm for differenttert-butyl groups. This is
consistent with the data from the31P{1H} NMR spectrum. The
signals assigned to the methylene groups are split into six
doublets due to the low symmetry of7.
The synthetic relevance of complexes like6 and7 stays on

their potentiality as precursors of heterodimetallic complexes.
This is particularly true for6, due to its easy preparation on a
large scale. The first problem to be faced in the synthesis of
heterodimetallic complexes is the metal-ion exchange process
observed in the reaction of6with [(COD)MCl2] [M ) Pd, Pt].
In this case we observed a complete transmetalation reaction.
The synthesis of a heterodimetallic complex was however
successful in a number of cases, one of them being exemplified
by reaction 7. The31P{1H} NMR spectrum of8 shows two

singlets atδ ) 146.7 and 103.2 ppm, which are assigned to
phosphorus complexed to molybdenum and nickel, respectively.
The latter peak shows a large shift to high field (∆ ) 9.4 ppm),
which may be due in part to the increased steric hindrance and/
or the electronic changes caused by the presence of Mo(0). The
[Mo(CO)4] should have aC2V local symmetry, for which four
IR active C-O stretching bands (2A1 + B1 + B1) are expected,
rather than the three which are observed (2025, 1958, and 1905
cm-1). In a number of cases, however, the two A1 bands in
[L2Mo(CO)4] complexes fall very close.30 The rather high
frequency of the CO stretching vibrations allows us to show
that theσ-donor properties of our bidentate system are quite
close to those of bis(diphenylphosphino)ethane, dppe.31

3. Metal Complexation Using p-tert-Butylcalix[4]arene
Tetrakis(dimethylphosphinite). The steric hindrance of the
P4 set of donor atoms and the phosphorus basicity change
remarkably from1 to 2, and it is these features which have
allowed the formation of particularly promising phosphorus
derivatives of Ni(II), Pd(II), and Pt(II) starting materials. Their
syntheses were achieved as shown in eq 8. We attribute the
formation of a dimetallic derivative to the increased basicity
and the decreased steric demand of2, compared to1. There is
only a slight influence of the metal on the phosphorus resonance
in the 31P{1H} NMR spectrum of9 (from δ ) 127.3 to 126.5
ppm), contrary to what was observed for6 and8 in comparison
with 1, with a much larger shift difference.

(29) (a) Grim, S. O.; Keiter, R. L.; McFarlane, W. M.Inorg. Chem.1967,
6, 1113. (b) Grim, S. O.; Keiter, R. L.Inorg. Chim. Acta1979, 4, 56.

(30) (a) Verkade, J. G.Coord. Chem. ReV. 1972-1973, 9, 1. (b) Braterman,
P.Metal Carbonyl Spectra; Academic: New York, 1975.

(31) Powell, J.; Lough, A.; Wang, F.Organometallics1992, 11, 2289.

2[{calix[4]-(PPh2)4}PdCl2]
7

h

[{calix[4]-(PPh2)4}(PdCl2)2]
3

+ 1 (6)

Calix[4]arene Phosphinites Inorganic Chemistry, Vol. 36, No. 8, 19971699



The signals in the1H NMR spectrum of9 are broader than
those of10and11. This is due to the well-documented square
planar (diamagnetic)-tetrahedral (paramagnetic) equilibria for
[(R3P)2NiCl2] complexes in solution. The signals assigned to
the aryl protons appeared either as a broad singlet in CDCl3

(6.98 ppm) or as a broad doublet in CD2Cl2 (7.01 and 6.95 ppm).
The signals assigned to the methylene protons appeared as broad
doublets at 5.23, 4.18, 3.84, and 3.29 ppm. The signal at 5.23
ppm was assigned to theendoproton. The signals which were
assigned to the protons of the methyl groups at the phosphorus
atoms appeared as two broad singlets at 1.67 and 1.55 ppm.
They are more split up, compared to the free ligand2, where
only one doublet was observed. This is due to the complexation
to nickel, which makes the methyl groups at phosphorus
nonequivalent. The But groups give rise to a singlet at 1.11
ppm.
The structures proposed for9-11are supported by the X-ray

analysis carried out on10and11, which are isostructural. The
structural parameters discussed refer to10, while the values of
complex11 are given in square brackets in the text (Table 4).
The crystals contain solvents of crystallization in a 1:1:2

complex:toluene:acetonitrile molar ratio. The complexes have
an imposedm symmetry, the mirror plane running through the
bridging C14 and C15 methylene carbon atoms of calixarene
(Figures 4 and 5). The four phosphorus atoms define a binding
surface for two metal atoms, each one bonded to a pair of
adjacent P atoms. Coordination around each metal is completed
to square planar by twocis chlorine atoms. The coordination
plane shows a small but significant tetrahedral distortion around
palladium (displacements ranging from-0.037(7) to 0.018(3)
Å) and around platinum (displacements ranging from-0.024(4)
to 0.020(4) Å). Such a plane forms a dihedral angle of 53.8(1)
[52.9(1)]° with the mean reference plane (C7, C14, C7′, C15),
which is tetrahedrally distorted (displacements from-0.320(12)
[-0.332(16)] to 0.146(8) [0.155(11)] Å). The O4 and P4 cores,
which are planar for symmetry requirements, are parallel to each
other (dihedral angle 1.1(1) [0.3(1)]°) and parallel to the mean
reference plane (dihedral angles 1.1(2) [0.2(1)] and 1.4(2)
[0.9(1)]° for O4 and P4, respectively.
The chelating behavior of the macrocycle ligand toward two

metal atoms results in a P1‚‚‚P2 bite distance of 3.449(4)
[3.434(4)] Å, the other P‚‚‚P distances between adjacent
phosphorus atoms being P1‚‚‚P1′, 5.751(4) [5.721(3)] Å,
P2‚‚‚P2′, 5.623(4) [5.606(3)] Å, and between opposite phos-
phorus atoms being P1‚‚‚P2′, 6.650(4) [6.623(3)] Å. The
distance between the two metal ions is 7.437(2) [7.324(2) Å],
while the minimum distance they can eventually achieve is
3.447(2) [3.433(3) Å]. This distance would allow cooperative
effects between the two metal centers. The metal freezes the
cone conformation of calixarene as is seen from the dihedral
angles given in Table 3 and from the distance between opposite
para carbon atoms (C4‚‚‚C10′, 7.819(12) [7.781(16)] Å). The
behavior and conformation of the macrocycle are similar to those
observed for the [{p-But-calix[4]-(PPh2)4}{Fe(CO)3}2]2b com-

plex, indicating that the ordering role of the metal atoms is a
primary factor in determining the calix[4]arene conformation.
The size and conformation of the cavity are suitable for hosting
an acetonitrile molecule, which shows a disordered C29. The
extent of inclusion of the guest molecule into the cavity is
indicated by the distance of the N1 atom from the O4 core, which
is 4.001(18) [3.97(2)] Å.
The singlet in the31P{1H} NMR spectrum moves slightly in

10 compared to the free ligand2 (129.0 and 127.3 ppm,
respectively). An analogous spectral change was also observed
for 3 compared to1 (117.7 and 121 ppm, respectively). This
may be indicative of the weak P-Pd interaction, compared to
the strong interaction for Pt-P in 11, which has a singlet atδ
) 95.2 ppm (1JP-Pt ) 4170 Hz). The splitting pattern of the

Figure 4. A SCHAKAL view of complex 10. Prime denotes a
transformation ofx, 0.5- y, z. Disorder omitted for clarity.

Table 4. Selected Bond Distances (Å) and Angles (deg) for
Complexes10 (M ) Pd) and11 (M ) Pt)

10 11

M-Cl2 2.353(3) 2.351(4)
M-Cl1 2.366(3) 2.360(3)
M-P1 2.242(3) 2.217(3)
M-P2 2.241(3) 2.216(2)
P1-O1 1.615(5) 1.620(7)
P1-C24 1.785(12) 1.798(14)
P1-C25 1.814(10) 1.811(13)
P2-O2 1.635(5) 1.632(7)
P2-C26 1.777(11) 1.762(13)
P2-C27 1.773(9) 1.784(13)
O1-C1 1.399(8) 1.387(11)
O2-C13 1.388(8) 1.441(11)

P1-M-P2 100.5(1) 101.5(1)
Cl1-M-P2 174.6(1) 173.0(1)
Cl1-M-P1 84.8(1) 85.5(1)
Cl2-M-P2 83.4(1) 84.4(1)
Cl2-M-P1 175.5(1) 174.0(1)
Cl2-M-Cl1 91.2(1) 88.6(1)
M-P1-C25 112.2(3) 111.2(5)
M-P1-C24 110.6(4) 112.3(4)
M-P1-O1 117.5(2) 117.0(3)
C24-P1-C25 107.0(5) 105.1(5)
O1-P1-C25 107.0(4) 103.2(5)
O1-P1-C24 101.8(4) 107.0(5)
M-P2-C27 111.0(3) 112.2(4)
M-P2-C26 112.4(3) 111.4(4)
M-P2-O2 118.2(2) 116.9(2)
C26-P2-C27 105.9(5) 104.7(6)
O2-P2-C27 102.2(4) 102.4(5)
O2-P2-C26 106.0(4) 108.2(5)
P1-O1-C1 122.3(4) 123.3(6)
P2-O2-C13 122.9(4) 121.7(6)
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PMe2 group in the1H NMR spectra of9-11 may be an
indication of the tetrahedral distortion from the normal square
planar coordination around the metal. In the1H NMR spectrum
of 11, the signals assigned to the protons of the dimethylphos-
phino group appear as two doublets atδ ) 2.57 and 1.82 with
a coupling constant of2JP-H ) +13.4 Hz (the second coupling
constant3JPt-H of +40.8 Hz was also observed). This is
indicative of acis product. In the solid state structure of11
(Figure 5) the P-M-P angle is, as a matter of fact, 101.4(2)°.
Apparently, the calixarene skeleton is quite flexible in solution
and allows a more regular square planar arrangement of the
P2PtCl2 moiety than in the solid state. The1H NMR spectrum
of the corresponding palladium derivative10shows two virtual
triplets, which are assigned to the dimethylphosphino protons
at δ ) 2.56 and 1.84 (in the extreme case of atranschelating
ligand, a triplet would have been observed).27c,32 The distorted
triplet with a broad central peak is an example of virtual
coupling. The2JP-P coupling of this compound is larger than
when the two phosphorus atoms are bondedcis to the metal;
this eventually can be used as a criterion for a tetrahedral
distortion in10. This is in agreeement with the data obtained
from the solid state structure of10 (Figure 4), where the
P-M-P angle is 100.5 (1)° (see Table 4). Complex9 displays
only two broad singlets at 2.58 and 1.67 ppm; this feature,
together with its paramagnetism, is indicative of a distorted
geometry around the nickel atom. The interpretation of the

splitting pattern of the protons of the methyl groups at
phosphorus allows the assignment of the structure in solution
for the corresponding P2MCl2 fragments in the derivatives9-11.
The metal with the smallest radius, Ni (9), adopts partly a
tetrahedral structure, and the metal with the largest radius, Pt
(11), a cis square planar one. Palladium in10 displays a
behavior between those of the two limiting cases.
At this stage we should comment on the spectroscopic

visibility of the bridging methylene signals. In the calix[4]arene
skeleton they serve as a spectroscopic probe for structural
correlations in complexes3-5, particularly considering the
changes in chemical shift and the magnitude of theJP-H
coupling constant of theendo hydrogen (see Figure 2). A
remarkable downfield shift was observed for the sequence3f
4 f 5, the free ligand1 being the reference. A further
downfield shift was observed on going from4 to 11, according
to an increase of electron density at the metal (phenylVsmethyl
substituents at phosphorus). The same downfield shift is found
on going from di- to monometallic species,i.e., from 3 to 7
with a ∆ ) 0.71 ppm. The first argument is based on
geometrical constraints and postulates a sort of weak interaction
between the metal center and the Hendoproton. However, this
kind of interaction was not further specified. An agostic type
of interaction can be excluded, because this would result in a
high-field shift for the proton which undergoes the agostic
interaction.33 This is clearly not the case. Instead, the opposite
trend was observed, a downfield shift of the signal assigned to
Hendo, compared to the free ligand. This phenomenon may be
explained in terms of an increased deshielding of theendo
proton, because the formation of a metallacycle results in an
additional ring current which opposes the external field.34

Additional electron density increases the deshielding and leads
to a further downfield shift, compared to the electron-poor
derivatives.
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Figure 5. A SCHAKAL view of complex 11. Prime denotes a
transformation ofx, 0.5- y, z. Disorder omitted for clarity.
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