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Abstract: The synthesis of the first phosphorylated derivatives of p-tert-butylthiocalix[4]arene was
achieved by reaction with phosphorus trichloride. The product containing two cyclic P(I1l) atoms is
not hydrolytically stable. The flattened 1,2-alternate conformation of a P(IV) derivative was
established by 'H, °C, *'P NMR experiments and X-ray analysis. © 1999 Elsevier Science Ltd. All rights reserved.

In recent years supramolecular chemistry has been drawn to the calix[nJarenes due to their ability to act as
pre-organizing complexing agents, carriers and potential biomimics as well as being able to undergo multiple
functionalization."? The insertion of phosphorus containing moieties into calix[n]arenes allows extension of the
possibilities for engineering of supramolecular systems.>* We are currently studying the phosphorylation of
thiocalix[4]arene 1, which was recently synthesized in a satisfactory yield by the condensation of rert-
butylphenol and sulfur under basic conditions at elevated temperatures.® Of course, the presence of the four
sulfur atoms could bring new features into the chemical behavior of calixarenes.

In the present paper the first synthesis and structural analysis of phosphorylated thiocalix{4]arenes in the
solution and crystalline state are reported. Phosphorus trichloride was chosen as the phosphorylation reagent
because the P-Cl compounds are very useful starting materials for further transformations.

The phosphorylation of 1 by PCl; with the commonly used procedure (toluene, NEt; (excess), room
temperature) yields a single product which shows an intense (100%) peak in the MALDI spectrum at m/z 848.°
In the *'P NMR spectrum of the reaction mixture one resonance at & 170.2 is observed. This value is in the
range for three-coordinate phosphorus. The comparison with the 31p chemical shifts of model compounds 3a (&
168.4) and 3b (8 170.4) suggest the formation of cyclic chlorophosphite 2 (Scheme 1). However, during
attempts at isolation, 2 decomposed to give free p-rert-butylthiocalix[4]arene, as well as other unidentified
products. So the product obtained is less hydrolytically stable than corresponding cyclic chlorophosphite of p-
tert-butylcalix[4]arene.s The influence of a sulfur atom in the dioxathiophosphocin ring system may be
responsible for such behavior (due to P-8 interactions).

Using a slightly modified literature procedure ? we reacted 1 with the excess of PCl; in p-bromotoluene
without base at elevated temperatures.10 After dilution of the reaction mixture with hexane, a colorless,
crystalline precipitate was formed after 12 h (Scheme 1). These crystals were found to be a complex of
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phosphorylated thiocalixarene 4 with p-bromotoluene (stoichiometry 2:1) according 'H NMR and X-ray data.
The formation of chlorophosphate 4 instead of the expected compound 2 indicates that the initially formed

chlorophosphite readily undergoes oxidation by air.
: i “t-Bu

t-Bu t-Bu t-Bu t-Bu

2
xé \CI
1 2 X = lone pair 3a X =lone pair, R = Me
4 X=0 3b X = lone pair, R =t-Bu
5 X=0,R=Me

Scheme 1

The structure of 4 was established by "H NMR (the absence of an OH resonance), *'P NMR and mass-
spectrometry methods.’ Such fully substituted macrocycles containing two phosphorus atoms in the rings can
form a mixture of isomers due to different orientations of substituents at phosphorus. However, the *'P NMR
spectrum of 4 shows only one signal at & -4.16 (*'P shift of model compound 5 is -9.49 ppm’), which indicates
that only one isomer is formed. The conformation of the
macrocycle in solution has been studied by 'H and '>C NMR. In
fact, a few conformations for such bis-(O,O-phosphorus)-bridged
compounds are possible: cone, flattened cone, 1,2-alternate and
flattened 1,2-alternate. The '"H NMR spectrum of 4 is more
ﬂ complicated than that of the parent macrocycle 1 which is in a cone
” conformation ** and displays three singlets at 8 1.22 (fert-Bu), 7.64

(two aromatic protons) and 9.60 (OH).3
In the product 4 the fers-butyl resonance is also a singlet at &
1.37 while the aromatic protons appear as an AB spin system. So,
the protons of the aromatic ring are not equivalent. Their
resonances at 8 7.61 and 7.65 are two doublets (“Jyy = 2.5 Hz) and
are shown on Figure 1. However, one of the doublets is
additionally split to give a doublet of doublets due to phosphorus

Figure 1. Portion of the 'H NMR s
spectrum of 3 in CDCl;,. Coupling coupling with "Jpy = 1.6 Hz. These data indicate that product 4

constant data: 8 7.613 (Vi =2.5Hz, "Jou  adopts a /,2-alfernate or flattened I,2-alternate conformation in

not observed), 7.648 (i = 2.5 Hz, *Joy

= 1.6 Hz). CDCl; solution. The *C{’H} NMR spectrum also supports this

conclusion, Carbon atoms 2 — 2" as well as 3 — 3’ are inequivalent
and appear as two singlets'" in each case (numbering is shown on Scheme 1). The spectrum recorded without
'H decoupling shows that C,H coupling constants are also different for both pairs of chemically equivalent
carbon atoms. For example, C3 and C3’ atoms: 'Jeu are 161.2 and 163.2 Hz, *Jcy are 8.0 and 8.6 Hz."
respectively.
The solid state structure of 4 has been elucidated by a single crystal X-ray crystallographic study.® The
ORTERP structure of 4 is represented in Figure 2 together with numbering scheme of the asymmetric part. The
shape of the calixarene platform deviates from an ideal / 2-alternate and may be defined as a



8463

centrosymmetrical flattened 1,2-alternate conformation, in which two diametrically opposite benzene rings are
nearly parallel to the plane of the sulfur bridge atoms (main plane). This structure may also be rationalized as a
(uo, u, do, d) conformation according Gutsche.' The dihedral angles from the main plane to the aromatic rings
are 77.1 (plane 1, C2-C7), 13.0 (plane 2, C9-C14). The geometry of the phosphoryl groups of 4 are similar to
that of ordinary phosphoryl compounds.'® The average bond distances P1-O1, P1-07, P1-014, P1-Cl1 are
1.46(1), 1.57(1), 1.58(1), 1.972(6) A, respectively. Bond angles at phosphorus atoms are in the range of 101-
118°.

Figure 2. Crystalstructure of 4.
H atoms and the solvent
molecule have been omitted.

The two eight-membered rings have a rwisted tub conformation.’® The atoms forming the floor of the tub
(014, C7, C6, C14) are coplanar within £0.017 A. Atoms P1, O7, S8, C9 are displaced from this plane in the
same direction by distances of 1.239(5), 1.016(9), 1.235(4) and 0.58(1) A, respectively. X-ray data indicates the
existence of weak P-S interactions in 4 because P-S distance of 3.22(1) A across these rings are shorter than the
sum of the van der Waals radii for sulfur and phosphorus of 3.65 A'” and compares with 3.114-3.177 A for
dioxathiophospacin ring systems containing tertacoordinated phosphorus atoms (for example, 5) in which such
bonding interactions have been observed.” It should be also mentioned the interaction between the m-system of
the benzene ring (C2 — C7) and the Cl1’ atom (distance between ring plane and chlorine atom is 3.22(1) A).

In conclusion, the synthesis of the first phosphorylated thiocalix[4]arenes has been achieved. The solid
state structural analysis revealed that 4 adopts flattened 1,2-alternate conformation. The rigidity of the
molecular structure of compound 4 and spectral data obtained indicate the same conformation in solution.
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