
Single-crystal X-ray analysis has shown that p-tert-butyl-
sulfinylcalix[4]arene (H4L) can bind Pd2+ ion by using either S
or O atoms of bridging S=O groups in addition to phenolic oxy-
gen atoms to form in [Pd2(H2L)(H3L)2] complex.      

Soon after the discovery of the practical method for the
synthesis of p-tert-butylthiacalix[4]arene (1),1 we have been
engaged in the development of its novel functions and applica-
tions,2 which are not attainable by the conventional methylene-
bridged calix[4]arenes (e.g. 2).3 One of the most noteworthy
features of 1 is the ability to bind various soft metal ions by
virtue of the cooperative ligation of the epithio function and the
phenoxide oxygens as revealed by solvent extraction studies
and X-ray crystallography.4,5

The well-known ready oxidizability of an epithio function
to the sulfinyl and/or sulfonyl group should be another attrac-
tive feature of 1.  Thus, we first showed that 1 can be oxidized
to either p-tert-butylsulfinyl- (3) or p-tert-butylsulfonylcalix[4]
arene (4) by controlling the amounts of NaBO3 as the oxidizing
agent.6 Interestingly, conversion of S atoms to S=O groups
allowed 3 to extract not only soft but also hard metal ions.
Considering the fact that 1 can bind only soft metal ions as stat-
ed above, it seemed reasonable to presume that O atoms (hard
donor) as well as S atoms (soft donor) of S=O groups of 3
should take part in the complexation with metal ions.  For the
first example to substantiate the hypothesis, herein we report
the crystal structure of a 3-Pd2+ complex to show the ligation by
both S and O atoms.

Treatment of 3 (H4L) with a 4-fold excess of Pd(OAc)2 in
benzene afforded orange-colored complex.  Vapor diffusion of
MeOH into a solution of this complex in CH2Cl2 at room tem-
perature gave a single crystal suitable for X-ray structural
analysis.7,8

As shown in Figure 1, 3-Pd2+ complex comprises one dian-
ion (H2L

2–) and two monoanion (H3L
–) fused at the rims by two

Pd2+ ions to have the composition of [Pd2(H2L)(H3L)2] and C2

symmetry with symmetry axis passing through the center of the
cavity of H2L

2–.  As is well known in calix[4]arene chemistry,
there are four conformational isomers according to the orienta-
tion of four phenyl rings, that is, cone, partial cone, 1,2-alter-
nate, and 1,3-alternate isomers.  In fact, H2L

2– adopts 1,3-alter-
nate conformation in the complex, whereas two H3L

– do partial
cone conformation (Figure 2).  Distal aromatic rings are equiva-
lent each other in H2L

2–, whereas all of the four aromatic rings
are not equivalent in H3L–.  This indicates that there are six
kinds of aromatic rings in [Pd2(H2L)(H3L)2].  Importantly, two
coordination modes of the sulfinyl group are observed in the
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complex.  In H2L
2–, sulfinyl and phenolate oxygen atoms coor-

dinate to Pd2+ ion to form six-membered ring, whereas in H3L
–,

sulfinyl sulfur and phenolate oxygen coordinate to form five-
membered ring. 

In a square planer geometry, the bond length between Pd2+

and ligating atoms is 1.997(4) Å for Pd-O(12), 2.032(4) Å for
Pd-O(10), 2.039(4) Å for Pd-O(8), and 2.1877(18) Å for Pd-
S(4) (Table 1). The coordination of the S=O group affected the
bond length: the S=O, in which O atom coordinates to Pd2+ ion,
slightly elongates (1.529(4) Å) as compared to free S=O groups
(av 1.503 Å).  On the other hand, the S=O, in which S is doner
to metal ion, shortens (1.457(4) Å).    

Another noticeable structural feature of the complex is the
intramolecular hydrogen bonding.  It has been revealed that in
the crystal state the free H4L adopts 1,3-alternate conformation,
which is stabilized by four pairs of OH···O=S hydrogen bond-
ings between OH and the neighboring S=O.9 The similar
hydrogen bondings are observable in the complex between OH
and S=O [O···O = av 2.732 Å] not participating in the coordina-
tion (Figure 2).  It should be noted that the bifurcated one,
OH···O(=S)···HO, exists in H3L

–, which is caused by the syn-
orientation of the two phenol rings.

The 1H NMR of single crystal spesies [Pd(H2L)(H3L)2]
dissolved in CDCl3 exhibited six pairs of meta coupled doublets
for aromatic protons and six singlet peaks of tBu groups.7 This
suggests the existence of six kinds of aromatic rings and there-
fore C2 symmetry of the complex is kept in solution.  It should
also be noted that four pair of intramolecular OH···O=S bonds
are retained as judged by the δH values.  

In conclusion, the X-ray structure analysis of
[Pd2(H2L)(H3L)2] complex has revealed that either S or O
atoms of bridging S=O groups can bind cationic metal center.
The crystallographic study of complexes of 3 with other metal
ions (including hard Ti4+ ion) are now underway.  
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