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ABSTRACT
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The first example of a 624%-dioxaphosphenium cation 5 bearing dioxathiophosphocin ring systems stabilized by an intramolecular dative P*
— S bond and its reactivity with pyridine and cycloaddition reaction with 2,3-dimethylbutadiene are reported.

The phosphorus analogues of carbens, known as phospheef them were derivatives of 8-hydroxyquinolinel§ (vith a
nium cations, are reactive species. Many reactions can bechloride anion as a counterion that was observed in equi-
attributed to the electrophilic character of these cations. librium at low temperature {60 °C).* The second one,
Moreover the dative action by the lone pair provides an compound2, was identified as chloride and tetraphenylbo-
unusual reactivity and permits the cation to exhibit rich rate®
coordination chemistry. Over 50 phosphenium cations have
been identified in solution, and some of them have also been
isolated and comprehensively characterized. |
In most cases the phosphenium ion stabilization is achieved R
either by interaction with a directly attached donor atm
(P—N) or by intramolecular dative P- X bonds??2 Unlike
diazaphosphenium ions dioxa derivatives are very unstable.
Until now only a few examples of such cations stabilized
by intramolecular P— N interactions are known. The first
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+ Dresden University of Technology. interaction at phosphorus has been found to increase in the
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ions possesses higher electrophilicity than in the above-
mentioned organophosphorus compounds. So, the stabiliza-
tion of a two-coordinated phosphorus atom by the intramo-

lecular donor action of sulfur can be expected. Moreover,
such a cycle is included in recently synthesized P(lll)
derivatives of p-tert-butyl thiacalix[4]arené&.The transfor-

mation of these compounds into phosphenium cations can

extend the synthetic possibilities for further modification of
the thiacalix[4]arene platform and for the design of novel
macrocyclic receptors.

The general route to phosphenium ions by aluminum
chloride promoted halide ion abstractioftom the corre-
sponding chlorophosphite precursdhas been used. Chlo-
rophosphite8 was prepared by the reaction of R@ith 2,2"
thiobis(4-methyl-6-tert-butylphenol used as model com-
pound of thiacalix[4]arene. It was found that the best yield
and purity of product3 can be achieved using a slightly
modified literature procedury(an excess of PgIn p-xylene
without base at elevated temperatui®e)n the 3'P NMR
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CDCl; solution with solid anhydrous Al@lyields a single
product that shows an intense (100%) peak in the MALDI-
TOF-MS spectrum am/z 388 and one resonance @tl53

31
spectrum of the reaction mixture and also of the isolated PPM in the’P NMR spectrum of the reaction mixture.

product only one resonance@il69 ppm is observeth.The
comparison with the literature value 6f168.462 for this
compound confirms the formation of the cyclic chlorophos-
phite 3 (Scheme 1). The treatment of chlorophospliite

(2) For more recent publications, see: (a) Bouhadir, G.; Reed, R. W.;
Reau, R.; Bertrand, GHeteroatom. Chenil995,6, 371. (b) Burford, N.;
Cameron, T. S.; Clyburne, J. A. C.; Eichele, K.; Robertson, K. N.; Sereda,
S.; Wasylishen, R. E.; Whitla, W. Anorg. Chem.1996, 35, 5460. (c)
Gudat, D.Coord. Chem. Re 1997, 163, 71. (d) Brunel, J.-M.; Villard, R.;
Buono, G.Tetrahedron Lett1999,40, 4669.
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36, 231. (b) Sanchez, M.; Cosledan, F.; Sotiropolos, J. M.; Lamande, L.;
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36, 2085. (c) Becker, W.; Schomburg, D.; Schmutzler, Fhpsphorus,
Sulfur, Silicon1989, 42, 21. (d) Burford, N.; Losier, P.; Bakshi, P. K;
Cameron, T. SChem. Commuril996, 307. (e) Besombles, J.-Ph.; Carre,
F.; Chuit, C.; Corriu, R. J. P.; Mehdi, A.; Reye, €. Organomet. Chem.
1997,535, 81.

(4) Lamande, L.; Minoz, ATetrahedron Lett1991,32, 754.

(5) (a) Balitzky, Y. V.; Pipko, S. E.; Sinitsa, A. D.; Chernega, A. N.;
Gololobov, Y. G.Phosphorus, Sulfur, Silicoh993,75, 167. (b) Pipko, S.
E.; Balitzky, Y. V.; Sinitsa, A. D.; Gololobov, Y. GTetrahedron Lett.
1994,35, 165.

(6) (a) Sherlock, D. J.; Chandrasekaran, A.; Day, R. O.; Holmes, R. R.
J. Am. Chem. S04997, 119, 1317. (b) Chandrasekaran, A.; Sood, P.; Day,
R. O.; Holmes, R. RInorg. Chem.1999, 38, 3369. (c) Sherlock, D. J.;
Chandrasekaran, A.; Day, R. O.; Holmes, R.IRorg. Chem.1997, 36,
5082. (d) Holmes R. RAcc. Chem. Resl998, 31, 535 and references
therein.

(7) (&) Antipin, 1. S.; Stoikov, I. I.; Gubaidullin A. T., Litvinov, I. A.;
Weber, D.; Habicher, W. D.; Konovalov, A. Tetrahedron Lett1999,40,
8461. (b) Weber, D.; Gruner, M.; Stoikov, I. I.; Antipin, I. S., Habicher,
W. D. J. Chem. Soc., Perkin Trans.2000, 1741.

(8) Kumagai, H.; Hagesawa, M.; Miyanari, S.; Sugawa, Y.; Sato, Y.;
Hori, T.; Ueda, S.; Kamiuama, H.; Miyano, $etrahedron Lett1997,38,
3971.

(9) Mukmeneva, N. A.; Kadirova, V. Kh.; Jarkova, V. M.; Cherkasova,
O. A. J. Obshch. Khim1986,56, 2267.

(10) Modified Synthetic Procedure for 3. A mixture of 1 g (2.7 mmol)
of 2,2-thiobis(4-methyl-Gert-butylphenol) and 0.6 mL (6.1 mmol) of PLI
in 3 mL of xylene was stirred at 80C for 1 h in aninert atmosphere. The
stirred mixture was then gradually heated to 220over a period of 1 h,
and the temperature was increased byQG&teps every hour up to 15C.
The resulting mixture was cooled to 5C, the excess of Pgland the
solvent were removed in vacuo, the residue was diluted with 6 mL of
heptane, and a colorless crystalline precipitate was dried in vacuo’@L. 70
This method gives a quantitative yield&fmp 174 T. The product obtained
was used without further purification. According to spectral data the purity
of product3 is higher than 98%. Spectral data2if 1H NMR (CDCls) 6
1.33 s (18H, 6CHh), 2.19 s (6H, 2CH), 7.06 s (2H, AR), 7.22 (2H, Ar);
13C NMR (CDCh) 6 20.74; 29.82; 35.12; 121.47; 130.10; 132.66; 133.47;
140.91; 153.36 (RJpc = 12.8 Hz).
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Phosphorus chemical shifts of phosphenium ions are
usually in the range of-500 to+200 ppm! However, the
formation of dative bonds leads to an upfield shift. For
example, for compound 6, = 117 ppm (X= Br) and 92
ppm (X= H) and for compoun@ ép = 103.5 ppm for both
chloride or tetraphenylborate were found. So the phosphorus
chemical shift observed for compourt is in a good
agreement with literature data for dioxaphosphenium cations
stabilized by an intramolecular dative bond. The phosphe-
nium ion formation is also confirmed by théAl NMR
spectrum. The chemical shift at 104 ppm (relative to [Al-
(H20)]®") corresponds to the value earlier repotttmt the
anion [AICl,]~. The proposed structure is also supported by
H and3C NMR datat?

Cation 5 exhibits a remarkable stability. It is stable in
chloroform solution at room temperature (!) for 2 weeks (in
inert atmosphere). This indicates the existence of the
stabilizing P—S interactions. So, the dative PS interac-
tions in the dioxathiophosphocin ring systems play a major
role in the stabilization ob.

The obtained compoun® shows a reactivity typical for
phosphenium ion.It reacts with pyridine via chloride
transfer to the phosphenium cation yielding immediately
chlorophosphite3 and the stable [Py— AICI3] adduct
(Scheme 1}2 Furthermore, phosphenium cations usually act
as dienophiles toward 1,3-dienes. It was displayed by the

(11) The NMR experiments were performed on a Bruker DRX-300
spectrometer operating at 300.13 MHE&), 75.475 MHz {3C), and 121.49
MHz (3'P) and a Bruker DRX-500 at 130.31 MHZAI). The spectra were
recorded at ambient temperature in CB&blution using solvent signals
as internal standard f8H NMR and*3C NMR. For3'P NMR 85% HPO,
was used as external standard, and AJ{0h]3" for 27Al NMR. The
molecular mass spectra were recorded on a Kratos Compact MALDI Il
mass spectrometer.

(12) Reaction of 3 with AICl3. Compound3 (0.75 mmol) was dissolved
in 5 mL of CDCk, and then 0.85 mmol of anhydrous aluminum chloride
was added. After stirring for 2015 min the resulting solution was subjected
to NMR studies: 'H NMR (CDCl;) ¢ 1.36 s (18H, 6Ch), 2.41 s (6H,
2CH), 7.36 s (2H, Ar), 7.65 (2H, Ar)3C NMR (CDCk) 6 21.21; 29.16;
35.61; 116.69; 126.07; 134.22; 138.37; 140.56; 156.08)¢d,= 18.1 Hz).

(13) Pallman, P.; Hensen, K.; Bats, J. \&. Naturforsch.1989, 37b,
1312.
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fast exothermic reaction of catidnwith 2,3-dimethylbuta- Of particular interest in the present context is a comparison
diene (Scheme 1). Only the signal®&t o, 93 ppm appears  of stability and spectral characteristicsivith those of7,

in the3'P NMR spectrum after mixing of the reage*td his which has related composition but lacks the possibility of
value is in a good agreement with the phosphorus chemicaldonor coordination. Unfortunately, the corresponding chlo-
shifts of the reaction products of the different 1,3-dienes with rophosphite precursor is easily decomposed in the softion

[(R2N)2PTT[AICI 4], which are in the range of 6988 ppm?® and our attempts to synthesize and to identify an individual
Obviously, the displacement of one or two nitrogen atoms phosphenium catioid were unsuccessful.

for the more electronegative ones (O, Cl) have to result in
the low field shift. For example, the reaction of the
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utadiene leads to corresponding 3-phospholenium cation with )

0p 93.4 ppm*> Thus,3'P NMR as well asH NMR spectr&*
of the reaction mixture is entirely consistent with the
3-phospholenium ion structu@

In summary, the synthesis of the first dioxaphosphenium
ion stabilized by an intramolecular dativé P- S bond has
been achieved, and its reactivity as usual phosphenium cation

(14) Reaction of 5 with 2,3-Dimethylbutadiene.The solution of 0.5
mmol of 2,3-dimethylbutadiene in 5 mL of CDg{has added at the ambient

temperature to a solution of 0.5 mmol of compounih 2 mL of CDCk. has been demonstrated.
A fast exothermic reaction immediately proceeded; the temperature of the .
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