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PREPARATION OF PHOSPHORUS- AND FLUORINE-CONTAINING
CALIX[4]ARENE DERIVATIVES, THEIR DICHLOROPLATINUM (II)
AND CHLOROGOLD(I) COMPLEXES, CONFORMATIONAL
ANALYSIS, SEPARATION OF THE CONFORMERS AND X-RAY
CRYSTAL STRUCTURE ANALYSIS OF A CONE CONFORMER.

I. NEDA, H.-J. PLINTA, A. FISCHER, P.G. JONES, R. SCHMIIT7.T.F.R.
Institut fur Anorganische und Analytische Chemie der Technischen
Universitat, Postfach 3329, D-38023 Braunschweig, Germany.

Abstract: The reaction of the p-tert-butylcalix[4]arene 1 with Et2NSiMe3 was
found to lead to the bis(trimethylsilyl) derivative 2. Treatment of 2 with PF2C1
gives the mono- and bis-difluorophosphite derivatives 3 and 4, which undergo
spontaneous elimination of Me3SiF or PF3 to yield the monofluorophosphite
derivative 5. 6 was allowed to react with P-chlorophosphorinone derivatives
with formation of a mixture of the four possible conformers l l a - l id , and
12a - 12d. In the case of 12a - 12d the cone conformer 12a was isolated. 12a
was allowed to react with (COD)PtCl2 and Au(C4H8S)Cl to form 13 and 14.

Key IVords: Calix[4]arenes; Supramolecidar chemistry

INTRODUCTION

The study of the chemistry of calixarenes including, especially, the calix[4]arenes m ,

is attracting constantly increasing interest. Calixarenes are distinguished by some

special features, e.g. a hydrophobic and a hydrophilic region, and a receptor space,

and there is a possibility of functionalizing the donor atoms |M1. Phosphorus-contai-

ning calix[4]arenes, for example, are of special interest, as a result of the ability of

phosphorus to exist in a variety of different oxidation states and/or coordination

numbers l818).

RESULTS AND DISCUSSION

In the reaction of 1 with Et2NSiMe3, 2 is formed (Scheme 1). The reaction of 2 with

PF2C1 in a 1:1 ratio led to the trimethylsiloxy-difluorophosphite derivative, 3 while

excess PF2C1 formed the bis(difluorophosphite) derivative, 4. Both 3 and 4 are con-

verted to the stable monofluorophosphite derivative 5; while 4 loses PF3 spontane-

ously upon standing in solution in hexane at room temperature over 6 h, the transfor-

mation of 3 into 5 requires 8 h heating in toluene solution at 50°C. Compound 5 is

obtained from 3 with loss of Me3SiF |l91, as from 4. The higher thermal stability of 3,

compared to that of 4, is suggested to be due to the thermodynamieally more fa-

vourable loss of PF3, as against the formation of Me3SiF.
113
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The fourfold lithiation of 1 l6), followed by the action of 7 furnished the stable cone

conformer 10a (Scheme 2). Contrary to previous observations '20) no conformational

changes occurred when 10a was heated in refluxing toluene over 10 h. This must be

due to the cone conformation being "frozen" through the bulky substituents at oxy-

gen. The reaction of 1, after fourfold lithiation t6), with 8 and 9, lead to a mixture of

all the four conformers l l a - l id , and 12a - 12d (Scheme 2). The cone conformer

12a was separated from the mixture through crystallization from acetonitrile/

n-hexane (3:1) or from a concentrated solution in THF. Because of the bulky groups

at the oxygen atoms no spontaneous conversion of conformers at room temperature

was observed. The conformers, 12b and 12c, could be separated by column chroma-

tography at kieselgel|18). The 1,3-alternating conformer 12d could not be obtained in

a pure state.

Preliminary attempts were undertaken at the study of the coordinating ability of

calix[4]arenes, involving P(III) substituents. The formation of the trans-platinum(II)

complex 13, and of the tetrakis-gold(I) complex 14 is typical (Scheme 3).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



PREPARATION OF CALIX[4]ARENE DERIVATIVES... 115

Scheme 3

STRUCTURAL CONSIDERATIONS

Conformers 12a - 12d could easily be distinguished by their characteristic 'H- and
l3C-n.m.r. pattern. Depending upon the symmetry of each conformer the 'H-n.m.r.

spectra were found to exhibit for the ArCH2Ar resonances either a pair of doublets

(12a), two pairs of doublets (12b), a singlet and a pair of doublets (12c), or a singlet

(12d). In the 'H-decoupled 13C-n.m.r. spectra the 8(I3C) values were observed in the

range, 31 to 37 ppm. The appearance of the I3C-n.m.r. spectra of the carbon atoms of

the methylene group was found to be affected by the orientation of the neighbouring

aryl groups, i.e. one 8(I3C) value for 12a and 12d and two 13C-n.m.r. signals (12c and

12c). A single crystal X-ray structure determination was conducted for the cone con-

former 12a.

It is apparent from the 3lP-n.m.r. spectrum of 13 that only two of the four P(III)

atoms coordinate to Pt(II). The value of 'J(3lPl95Pt) (2728 Hz) suggests a trans-con-

figuration. The identity of 14 was established by n.m.r. spectroscopy ('H, I3C, 3IP)

and IR spectroscopy, mass spectrometry, and elemental analysis.

ACKNOWLEDGEMENT

The support of DEGUSSA AG, and of the Fonds der Chemischen Industrie is grate-

fully acknowledged. Dipl.-Chemiker R. Sonnenburg is thanked for his help in

preparing this manuscript.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



116 I. NEDA et al.

REFERENCES

[I] V. Bohmer, Angew. Chem. 107, 785 (1995).
[2] B. M. Furphy, J. M. Harrowfield, D. L. Kepert, B. W. Skelton, A. H. White,

F. R. Wilner, Inorg. Chem. 26,4231 (1987).
[3] S. G. Bott, A. \V. Coleman, J. I. Atwood, J. Chem. Soc, Chem. Commun.

1986,610.
[4] M. M. Olmstead, G. Sigel, H. Hope, X. Xu, P. P. Power, J. Am. Chem. Soc.

107,8087(1985).
[5] C. Floriani, D. Jacoby, A. Chiesi-Villa and C. Guastini, Angew. Chem.

101, 1430 (\9%9); Angew. Chem. Int. Ed. Engl. 28, 1376 (1989).
[6] D. Jacoby, C. Floriani, A. Chiesi-Villa und C. Rizzoli, J. Chem. Soc. Dalton

Trans. 1993, 813.
[7] S. Shinkai, Tetrahedron 49, 8933 (1993).
[8] C. D. Gutsche, B. Dhawan, K. Hyun No, R. Muthukrishnan, J. Am. Chem.

Soc. 103,3782(1981).
[9] D. V. KhaSnis, M. Lattman und C. D. Gutsche, J. Am. Chem. Soc. 112,

9422(1990).
[10] D. V. Khasnis, J. M. Burton, M. Lattman und H. Zhang, J. Chem. Soc. Chem.

Commun. 1991, 562.
[II] I.V. Shevchenko'und M. Lattman, unpublished results

(Private communication to R. Schmutzler, 1993).
[12] Z. Goren, S. E. Biali, J. Chem. Soc, Perkin Trans. 1,1990, 1484.
[13] Y. Ting, W. Verboom, L. C. Groenen, J. D. van Loon und D. N. Reinhoudt,

J. Chem. Soc. Chem. Commun. 1990, 1432.
[14] L. N. Markovsky, V. I. Kalchenko und N. A. Parhomenko, Zh. Obshch. Khim.

60,2811(1990).
[15] S.D. Pastor, J. L. Hyun, P. A. Odorisio, R. K. Rodebaugh, J. Am. Chem. Soc.

110,6547(1988).
[16] J. Gloede, B. Costisella, M. Ramsu und R. Bienert, Phosphorus, Sulfur and

Silicon 84,217 (1993).
[17] C. Loeber, D. Matt, A.De Cian, J. Fischer, J. Organomet. Chem.

475,297 (1994).
[18] I. Neda, H.-J. Plinta, R. Sonnenburg, A. Fischer, P.G. Jones, R. Schmutzler,

Chem.Ber. 128,267(1995).
[19] R. Schmutzler, J. Chem. Soc. 1964,4551.
[20] K. Iwamoto, K. Araki, S. Shinkai, J. Org. Chem. 56,4955 (1991).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


