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Reaction between the 1,3-bis(trimethylsilyl) ether of calix[4]arene
and platinum(II) difluoro complexes unexpectedly results in the
formation of the 1,2-bridging platinum(II) calixarene complex, which,
upon treatment with 2 equiv of acyl chloride, reinstates the 1,3-
disubstitution pattern in the calixarene moiety.

While the coordination of metal ions to the oxygen atoms
of the calixarene scaffolds has been extensively studied
during the last 2 decades, nearly all of these studies involved
highly oxophilic early and middle-row transition metals.1,2

In the absence of a pendant soft donor ligand,3 coordination
of the Pt group metals to the oxygen atoms competes with
the more favorableη6 coordination to the calixarene aromatic
rings.4 Such competition was recently exemplified by Ishii
and co-workers, who demonstrated that a Rh center can be
coordinated to the lower calix[4]arene (calixarene) rim only
after one of the metal ions is attached to the phenoxide
aromatic ring.5 To circumvent this problem, we thought of
utilizing a strategy that directs a late transition metal toward
oxygen atoms of the lower rim. Silyl-protected calixarene
molecules6 appear to be a suitable starting point because the
protective groups can easily be removed by reaction with
the fluoride ion. As late-transition-metal fluoro complexes
can serve as sources of highly active fluoride ions,7 we were

interested in investigating the reactivity of platinum(II)
difluoro complex dpppPtF2 (dppp ) 1,3-diphenylphosphi-
nopropane)2a8 with 1,3-bis(trimethylsilyl) calixarene ether,
1. The reaction between the two compounds in benzene at
room temperature overnight resulted in the formation of
TMS-F (as observed by19F NMR spectroscopy) and a new
Pt complex3a (Scheme 1), which showed a single resonance
in the31P NMR spectrum at-8.35 ppm (JPtP ) 3492.6 Hz).
The same product was also observed when the reaction was
performed in chloroform.

Surprisingly, the1H NMR spectrum of the new compound
showed an asymmetric pattern for the bridging CH2 groups,
inconsistent with the expected 1,3-coordination mode. Six
sets of doublets were observed in this spectrum for the CH2

groups. One of these signals appeared at 6.50 ppm, a very
low field resonance for this group. The phenolic H atoms
showed a sharp singlet at 10.40 ppm,5a again far downfield
from the value expected for the disubstituted calixarene
molecule. Single crystals of3a were obtained, upon slow
evaporation of its CH2Cl2/pentane solution, and subjected
to X-ray analysis.9 The structure of3a (Figure 1) revealed
that the Pt center had indeed replaced both silyl groups in1.
However, an unprecedented concomitant metal migration to
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the 1,2-positions also occurred. The complex crystallizes with
a solvent molecule (CH2Cl2) entrapped inside the calixarene
cavity. An interesting crystallographic feature of3a is the
short distance of 2.254 Å between the metal center and axial
H atom of the calixarene bridging CH2 group (dashed line
in Figure 1). This short interaction is responsible for an
extreme downfield chemical shift of this H atom, which
appears at 6.50 ppm in the1H NMR spectrum. The bond
distances Pt-O1 and Pt-O2 of 2.051(3) and 2.061(3) Å,
respectively, are almost identical with the O1-Pt-O2 and
P1-Pt-P2 angles, being close to 90°, demonstrating a nearly
perfect square-planar arrangement at the metal center. This
arrangement seems to be the driving force for the 1,2 Pt shift
because transition-metal complexes with the 1,3-coordination
mode are well-known and show high stability. We also
reacted 1 with a difluoroplatinum(II) complex bearing
monodentate phosphine ligands, (Ph3P)2PtF2, 2b. Again, only
the 1,2-disubstituted platinum(II) calixarene complex3b
was obtained in this case, indicating that this substitution
pattern is not imposed by the presence of a chelating
diphosphine ligand. Because of a larger steric bulk of the
triphenylphosphine ligand, the signal of the endocyclic CH2

group hydrogen now appears even further downfield at 7.39
ppm.

The large downfield shift of the axial hydrogen atom,
accompanied by the short metal-H distance, has previously
been observed for late-transition-metal calixarene systems.5a,10

While regular agostic interactions normally cause an upfield

shift of the hydrogen resonance,11 there are many instances
of the opposite effect in d8 square-planar complexes.12 In
these cases, the large downfield shift was proposed to be a
result of the metal orbital anisotropy effect directed toward
an axial or pseudoaxial H atom.13 The X-ray structure of3a
shows that the aromatic rings of the phosphine ligand are
far away from the Ar-CH2-Ar H atoms and their ring
currents are unlikely to be responsible for the large downfield
shifts. The axial H atom is also located far away from the
oxygen atoms of the calixarene lower rim (>2.7 Å) to
interact with their lone pairs.10

In both cases,2a and2b, the reaction with the calixarene
ligand was complete within several hours at room temper-
ature and no formation of the 1,3-disubstituted product was
observed. The same substitution pattern was also obtained
with the calixarene ligand lacking the bulky t-Bu groups in
the para position to the phenolic oxygen atoms, showing that
the PtII coordination to the lower rim is not driven by steric
factors. As complexes3aand3b represent the first example
of a monometallic late-transition-metal calixarene complex
with a metal-O coordination mode, we were interested in
studying their reactivity. The addition of 2 equiv of acyl
halide to either3a or 3b in benzene resulted in a rapid
precipitation of the corresponding platinum(II) dichloride
complex. Unexpectedly, the formation of the 1,3-disubsti-
tuted (and not 1,2-disubstituted calixarene) esters was
observed as organic products (Scheme 2). The addition of
less than 2 equiv of acyl chloride gave a mixture of the 1,3-
disubstituted calixarene ester along with unreacted complex
3. These data indicate that, in a stepwise reaction, the Pt
center migrates to the less sterically hindered position
(Scheme 2).

When less reactive electrophiles, such as iodomethane or
benzyl bromide, were used, the reactions were sluggish and
required long times and a large excess of the reagents.
Reaction of3a with R-bromoethylbenzene at 50°C for 2

(10) Dieleman, C. B.; Marsol, C.; Matt, D.; Kyritsakas, N.; Harriman, A.;
Kintzinger, J.-P.J. Chem. Soc., Dalton Trans. 1999, 4139.

(11) Brookhart, M.; Green, M. L. H.; Wong, L.-L.Prog. Inorg. Chem.
1988, 36, 1.

(12) Yao, W.; Eisenstein, O.; Crabtree, R. H.Inorg. Chim. Acta1997, 254,
105.

(13) Albinati, A.; Pregosin, P. S.; Wombacher, F.Inorg. Chem. 1990, 29,
1812.

Figure 1. ORTEP drawing of a molecule of3a at 50% probability. H
atoms and the entrapped solvent molecule are omitted for clarity. Selected
bond lengths (Å) and angles (deg): Pt-O1, 2.051(3); Pt-O2, 2.061(3);
Pt-P1, 2.2293(11); O1-C28, 1.354(5); O3-C17, 1.380(5); O1-Pt-O2,
84.87(12); O1-Pt-P1, 171.70(9); P1-Pt-P2, 91.13(4).

Scheme 2
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days gave a mixture of the monosubstituted and 1,3-
disubstituted calixarene; however, a very small amount of
styrene was observed in the reaction mixture. These data
suggest that the acylation and alkylation of the phenolic
oxygen atoms proceed via the nucleophilic substitution
mechanism, without the change in the metal’s oxidation state.
The oxidative addition-reductive elimination mechanism is
unlikely to operate in this system because large amounts of
styrene would be expected in the reaction withR-bromoet-
hylbenzene. The nonionic character of the Pt-O bonds
explains the sluggish reactivity of complexes3 toward weak
electrophiles. It also implies that this reactivity should be
dependent on the stability of the Pt-aryl oxide bond. To
verify this, we decided to investigate the reactivity of 1,3-
bis(trimethylsilyl) ethers of calixarenes bearing nonidentical
aromatic rings. The 1:1 mixture of 1,3-bis(trimethylsilyl)
ethers of the dibromocalixarene,4a and 4b, was prepared
by refluxing a solution of dibromocalixarenetetraphenol with
(TMS)2NH in p-xylene.6 As expected, treatment of this
mixture with 2a gave a single complex5 (Scheme 3). This
complex shows two different phenolic proton signals in the
1H NMR spectrum at 10.1 and 10.5 ppm, indicating that no
fluxional processes occur in the platinum calixarene com-
plexes at room temperature. Reaction of5 with PhCOCl
produced two isomeric 1,3-dibenzoyl esters,6a and6b, in
an approximately 1:2 ratio. Thus, the Pt-O bond of the Br-
substituted phenolic ring breaks preferentially over the Pt-O
bond of the nonsubstituted phenolate.

This preference for the formation of6b correlates with
the Pt-OAr bond strength14 rather than the basicity of the
phenolates.15 The Pt-O bond cleavage is followed by rapid
Pt migration to the position opposite to the first ester group.
Interestingly, direct acylation of the 1,3-dibromo-substituted
calixarenetetraphenol with benzoyl chloride under the stan-
dard basic conditions16 affords a 1:1 mixture of6a and6b.

The results presented herein demonstrate that late-transi-
tion-metal fluorides can be used as an efficient entrance point
toward the synthesis of O-bound metal calixarene complexes.
Unlike more oxophilic early metals, Pt complexes strongly
favor the 1,2-binding mode. However, the 1,3-substitution
pattern becomes more attractive once the metal is attached
to a single phenolic oxygen atom.
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