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Kinetic Studies on the Ligand Coupling Reactions of
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Abstract: Ligand coupling kinetics of tetraphenyl sulfurane, selenurane, and tellurane have been studied by the
variable temperature NMR experiments. The first examples of the activation parameters for the ligand coupling (self
decomposition and C-C bond formation) have been obtained for the reactions at three pentacoordinated chalcogenium
centers; S, Se, Te.

There is considerable interest on the preparation, structure, and reactivity of hypervalent organochalcogen
compounds.23 Recently, we reported the detection and isolation of o-sulfuranes and 6-selenuranes bearing four
aryl ligands and the characterization of their structures in solution and solid-state.4 However, no kinetic studies
on the thermal reactions of hypervalent chalcogen compounds with four carbon-chalcogen bonds have been
reported.5 We present here the first example of the activation parameters for the ligand coupling reactions of
pentacoordinated tetrapheny] sulfurane, selenurane, and tellurane by the variable temperature NMR techniques.
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Figure 1. 1H NMR Spectra of 1-3; initial (upper) and final (lower) spectra at present temperature.
#: benzene.

Tetrapheny] sulfurane (1) and selenurane (2) were generated in situ by the reactions of the corresponding
triphenylsulfonium or selenonium salt in THF-dg with an equivalent of PhLi under an argon atmosphere at -105
and -78 °C, respectively.4 Tetraphenyl tellurane (3)6 which was prepared from tellurium tetrachloride by the
known method” was dissolved in toluene-dg at room temperature under an argon atmosphere. The 'H NMR
spectra of 1-3 in solution reveal the presence of three kinds of protons (ortho, meta, and para-protons) as shown
in Figure 1 and clearly indicate the formation of pentacoordinated tetraphenyl sulfurane, selenurane, and tellurane.
Thermolysis of tetraphenyl chalcogen compounds 1-3 in THF or toluene gives diphenyl chalcogenides and
biphenyl quantitatively (Scheme 1).8

The ligand coupling reactions were monitored by 1H NMR spectroscopy? (Figure 1) at the following
temperatures (1: -82, -77, -72, -67 °C; 2: -15, -11, -5, 0 °C; 3: 52, 63, 74, 84 °C) as a function of time. The
decay of the protons of 1 (meta and para), 2 (meta and para), and 3 (ortho) was monitored by the peak areas of
the protons in the parentheses and followed simple first-order kinetics under the present temperatures employed.
Plots of In([a]/[a-Xx]) versus time, where {a] was initial concentration and [a-X] was concentration as a function of
time, gave good straight lines. Representative kinetic data are shown in Figure 2 (typical examples), and the
measured rate constants, k1, are listed in Table 1.

Activation parameters for the ligand coupling reactions of tetraphenyl chalcogen compounds 1-3 were
determined from the temperature dependence of the rate constants k1. Arrhenius plots were linear and gave the
values for activation energy, Ea; (Table 1). Eyring plots were also linear and allowed for a determination of the
activation parameters, AH¥, AS¥, and AG* (Figure 3, Table 1).

A comparison with the activation parameters for the ligand coupling reactions of selenurane 2 and tellurane
3 reveals, besides a small entropic contribution in both cases, a higher energy barrier to carbon-chalcogen bond



7927

in{[alAs-x])

0.0 T T T 80 v T v T o0 ¥ ™ o + +
[} 1o 20 30 40 [} 10 20 30 40 S0 [} 10 20 J0 40 80
Time (x1000) (sec) Time (x1000) (sec) Time (x1000) (sec)
Figure 2. Representative kinetic data for the ligand coupling reactions of 1-3.
[a]: initial concentration; [a-x]: concentration as a function of time.
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Figure 3. Eyring plots with standard deviation for the ligand coupling reactions of 1-3.

Table 1. Activation Parameters for the Ligand Coupling Reactions of Tetraphenyl Chalcogen Compounds.?

compd  solvent k1 Eat  AG%208 AH#  AS*

(s’ {kcalmol-!)(kcalmol-!) (kcalmol-l)  (ew)

1 THF-dg  2.48x104(-67 °C) 1.22x104(-72°C) 109 17.5 10.5 -23.5
5.00x10-5 (-77 °C) 3.25x10-5(-82 °C)

2 THF-dg  2.20x104(0°C) 1.30x104(-5 °C) 21.3 20.4 21.3 3.1
5.31x10-5(-11 °C) 2.21x10-5(-15 °C)

3 toluene-dg  3.91x104(84°C) 1.77x104(74°C)  29.0 26.9 28.4 5.2

3.00x10-5 (63 °C) 8.26x10-6 (52 °C)
a) Values shown are least-square treatments of Arrhenius and Eyring plots.

scission in tellurane 3, which we ascribe to a reduced stabilization of the hypervalent molecules (S<Se<Te).
Thus both AH# and AS# support the unimolecularity of the rate determing step. While Eyy of sulfurane 1is in

the expected value for decreasing the stability of hypervalent compound of sulfur compared with those of the
selenium and tellurium, AS¥ for the reaction of 1 is relatively large and negative as compared to those of 2 and 3,

suggesting highly ordered to transition state in which a carbon-carbon bond should be formed simultaneously
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with scission of two carbon-sulfur bonds in 1, but the basis of this ordering is unclear at this time. Further
detailed studies of these hypervalent chalcogen compounds bound to four carbon ligands are in progress.

Acknowledgment. This work was supported by a Grant-in-Aid for Scientific Research on Priority Area of
Organic Unusual Valency, No. 04217101 from the Ministry of Education, Science and Culture, Japan. This
work was also supported by a special grant from University of Tsukuba. One of us (S. O.) thanks for a
Scientific Research Grant (No. 04740285) from the Ministry of Education, Science and Culture, Japan.

REFERENCES AND NOTES

1.  Present address: Department of Applied Chemistry and Molecular Science, Faculty of Engineering, Iwate
University, Morioka 020, Japan.

2. Hayes, R. A,; Martin, J. C. Sulfurane Chemistry. In Organic Sulfur Chemistry: Theoretical and
Experimental Advances; Bernardi, F, Csizmadia, 1. G.; Mangini, A. Eds.; Elsevier: Amsterdam, 1985; pp.
408-483; and references therein.

3. Bergman, J.; Engman, L.; Siden, J. Tetra- and higher-valent (hypervalent) derivatives of selenium and
tellurium. In The chemistry of organic selenium and tellurium compounds; Patai, S.; Rappoport, Z. Eds.;
John Wiley and Sons, Inc.: New York, Vol. 1, 1986; pp. 517-558; and references therein.

4. Ogawa, S.; Sato, S.; Erata, T.; Furukawa, N. Tetrahedron Lett. 1991, 32, 3179-3182; Ogawa, S.;
Matsunaga, Y.; Sato, S.; Erata, T.; Furukawa, N. ibid. 1992, 33, 93-96; Ogawa, S.; Sato, S.; Erata, T.;
Furukawa, N. ibid. 1992, 33, 1915-1918; Ogawa, S.; Matsunaga, Y.; Sato, S.; lida, I.; Furukawa, N. J.
Chem. Soc., Chem. Commun. 1992, in press. Pentacoordinated selenurane with four carbon ligands,
bis(2,2'-biphenylylene)selenurane, has been prepared by Hellwinkel. See: Hellwinkel, D.; Fahrbach, G.
Liebigs Ann. Chem. 1968, 712, 1-20; Hellwinkel, D.; Fahrbach, G. ibid. 1968, 715, 68-73; Hellwinkel,
D.; Fahrbach, G. Chem. Ber. 1968, 101, 574-584.

5. Mechanistic studies have been reported. See: Franzen, V.; Joschek, H. 1.; Mertz, C. Liebigs Ann. Chem.
1962, 654, 82-91; Sheppard, W. A. J. Am. Chem. Soc. 1962, 84, 3058-3063; Andersen, K. K.;
Yeager, S. A. J. Org. Chem. 1963, 28, 865-867; Trost, B. M.; LaRochelle, R. W.; Atkins, R. C. J. Am.
Chem. Soc. 1969, 91, 2175-2177; Kim, Y. H.; Oae, S. Bull. Chem. Soc. Jpn. 1969, 42, 1968-1971;
LaRochelle, R. W.; Trost, B. M. J. Am. Chem. Soc. 1971, 93, 6077-6086; Harrington, D.; Weston, J.;
Jacobus, J.; Mislow, K. J. Chem. Soc., Chem. Commun. 1972, 1079-1080; Trost, B. M.; Arndt, H. C.
J. Am. Chem. Soc. 1973, 95, 5288-5298; Ackerman, B. K.; Andersen,K. K.; Karup-Nielsen, L;
Peynircioglu, N. B.; Yeager, S. A. J. Org. Chem. 1974, 39, 964-968; Hori, M.; Kataoka, T.; Shimizu,
H.; Miyagaki, M. Chem. Pharm. Bull. 1974, 22, 2020-2029.

6. Insolid-state, tetrapheny! tellurane has a distorted y-trigonal bipyramidal geometry. See: Smith, C. S.;
Lee, Jung-Si; Titus, D. D.; Ziolo, R. F. Organometallics 1982, 1, 350-354.

7. Wittig, G.; Fritz, H. Liebigs Ann. Chem. 1952, 577, 39-46; Barton, D. H. R,; Glover, S. A;; Ley, S. V.

J. Chem. Soc., Chem. Commun. 1977, 266-267; Glover, S. A. J. Chem. Soc., Perkin Trans. 1 1980,

1338-1344; Jones, C. H. W.; Sharma, R. D. J. Organomet. Chem., 1987, 322, 115-121. Recently,

tetraorgano telluranes bearing alkyl or allyl ligands have been prepared. See: Gedridge, R. W., Jr.; Harris,

D. C.; Higa, K. T.; Nissan, R. A. Organometallics 1989, 8, 2817-2820; Gedridge, R. W., Jr.; Higa, K.

T.; Nissan, R. A, ibid. 1991, 10, 286-291.

In THF solution, ligand coupling reaction of tetraphenyl tellurane 3 could not occur under reflux condition.

9. The 'H NMR spectra were recorded on a JEOL EX-270.

o0

(Received in Japan 2 September 1992)



