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Communication

PHENYLATION OF PLATINUMI) THIOETHER
COMPLEXES BY TETRAPHENYLBORATEIII) IN
SOLID STATE AND NITROMETHANE SOLUTION

VADIM YU. KUKUSHKIN,; KARIN LOVQVIST, BERTIL NOREN,
AKE OSKARSSON and LARS IVAR ELDING*

Inorganic Chemistry 1, Chemical Center, University of Lund, P.O. Box 124,
S-221 00 Lund, Sweden

(Received August 21, 1992; in final form September 26, 1992)

Platinum(II) complexes of the type [Pt(thioether),Cl]* (thioether = dimethyl sulfide, thioxane) are
capable of abstracting a phenyl group from the BPh; counterion with formation of trans-
[Pt(thioether),CIPh] compounds. Thermal reactions proceed both in the solid phase and in nitromethane
solution at elevated temperature and have preparative importance. Phenylation of the Pt(II) centre
also occurs in reaction between [Pt(Me,S),Cl,] and AgBPh, in CH,CI, suspension. Brief X-ray crys-
tallographic structural data for trans-[Pt(Me,S),CIPh] and [Pt(thioether),Cl|X (thioether = Me,S, tx,
X = SO,CF,; thioether = Me,S, X = PF,) are reported.

Key words: Platinum(II) thioether complexes; phenyl abstraction; tetraphenylborate ion; synthesis of
thioether complexes; silver tetraphenylborate; X-ray structures.

The ability of platinum(II) complexes to abstract a pheny!l group from the tetra-
phenylborate(IIl) anion, BPhy , is well documented.! Phenyl migration reactions,
however, are not common. In all cases so far studied phenyl abstraction proceeded
with or via formation of electrophilic complexes containing weakly coordinated
solvento ligands or anions of strong acids. We have found that complexes of the
type [Pt(thioether);Cl}*, where thioether = dimethyl sulfide (Me,S) or 1,4-thiox-
ane (tx), which do not contain weakly coordinated ligands? are nevertheless suf-
ficiently electrophilic to abstract a phenyl group from the tetraphenylborate coun-
terion with displacement of one of the thioether ligands, probably in trans-position:

[Pt(thioether),Cl)(BPh,) — trans-[Pt(thioether),CIPh] + thioether
+ BPh; (or products of its further conversion)

Studies of the kinetics and mechanism of this reaction in nitromethane solution
are in progress in our laboratory. The thermal phenyl migration reaction is of
preparative importance. It proceeds with a good yield (ca. 60%) both in the solid
phase (within 3 h at 95°C for [Pt(Me,S);Cl](BPh,) and within 2 h at 105°C for
[Pt(tx);Cl](BPh,)) and in boiling nitromethane solution.

+ Author to whom correspondence should be addressed.
t On leave from Department of Chemistry, St. Petersburg State University, 198904 Stary Petergof,
Russia.
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Reaction between [Pt(Me,S),]** (prepared by halide abstraction from trans-
[Pt(Me,S),Cl,] with AgNO;-Me,S? in 1:2 molar ratio) and NaBPh, in acetone-
ethanol solution leads to formation of a precipitate, which is insoluble in water,
dimethyl formamide, acetone and dichloromethane. Incubation of the precipitate
in CD,Cl, for 2 days followed by filtration leads to the product cis-[Pt(Me,S),Ph, ],
as identified by its '"H NMR spectrum.

Interaction between K,[PtCl,] and an excess of Me,S in water at 25°C for 2 days
yields a solution which contains [Pt(Me,S);Cl]* and a precipitate which is a mixture
of cis- and trans-[Pt(Me,S),Cl,]. Filtration of the precipitate followed by the ad-
dition of KPF to the filtrate gives a precipitate of [Pt(Me,S);CI|(PF,) (yield 19%).
Metathesis of a water-acetone solution of [Pt(Me,S);Cl](PF,) with an ethanolic
solution of NaBPh, in a 1:1 molar ratio results in precipitation of the previously
characterized [Pt(Me,S);Cl](BPh,) compound.® The latter product as well as
[Pt(tx);Cl](BPh,) can also be obtained according to the following scheme (Ref-
erences, 4—6):

2 AgSO4CF3, 2 EiCN 4 thioether
[PUNCE))Cly} [Pl(NCEl)4](SO3CF3)2 ———y
-2 AgCl -4 EICN
NaCl NaBPhy
{Pt(thioether) 4](SO3CF3)2 -3 [Pi{thiocther) 3Cl](SO3CF3) —_—
- thioether - NaSO3CF;

[Pt(thioether)3C1](BPhy)

Our preliminary experiments clearly show that the heterogeneous reaction of
[Pt(Me,S),Cl,] with one mole of AgBPh, in dichloromethane suspension results
in the formation of frans-[Pt(Me,S),CIPh]. This means that AgBPh, can serve as
a mild phenylation reagent for platinum(II) thioether chloro complexes.

Characterization of compounds. Analytical data for trans-[Pt(Me,S),CIPh]: M.P.
137°C. Anal. Calc. for C,,H,,CIPtS,: C, 27.8%; H, 4.0%; Cl, 8.2%. Found: C,
27.4%; H, 4.0%; Cl, 8.4%. 'H NMR spectrum (CD,Cl,)3sy., ppm: 2.33 (Jpyy
57 Hz). IR spectrum in nujol, cm~!: 332 v(Pt-Cl). We have also characterized the
structure of this compound by X-ray crystallography: space group P2,/n with a =
10.106(1), b = 13.046(3), ¢ = 20.939(2) A, V = 2752.4(6) A3, B = 94.39(1)°, D,
= 2.08 gem~3, R = 0.038.

Analytical data for trans-[Pt(tx),CIPh]: M.P. 110°C. Anal. Calc. for C,,H,,CIO,PtS,:
Cl, 6.9%; Pt, 37.8%. Found: Cl, 6.7%; Pt, 37.7%. IR spectrum in nujol, cm~1:
335 v(Pt-Cl).

'H NMR data for cis-[Pt(Me,S),Ph,] 8gme, ppm: 2.13 (3/pyy 24 Hz) [lit.: 2.1 ppm
(3Jpwy 24 Hz), 2.09 ppm (3Jpy 23.6 Hz)®].

Analytical data for [Pt(Me,S);CI}(PF¢): Anal. Calc. for C{H,;CIF,PPtS;: C,
12.8%; H, 3.2%; S, 17.1%. Found: C 12.6%; H, 3.2%; S, 17.3%. M.P. 126-
130°C (capillary). IR spectrum (KBr pellet, cm~!): 336 s v(Pt-Cl). 'H NMR spec-
trum (acetone-dg; 3, ppm): 2.78 (3Jpyy 51.5 Hz, 3H) and 2.70 (3Jpyy 60.5 Hz, 6H).
X-ray single-crystal diffraction data, two independent crystal determinations: space
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group P2,/a with a = 8.263(2)/8.258(2), b = 23.970(5)/23.937(6), ¢ = 8.544(2)/
8.540(1) A, V = 1642.5(4)/1638.1(4) A%, B = 103.93(1)/103.96(2)°, D, = 2.27/
2.28 g em ™3, R = 0.068/0.073).

Compounds of the type [Pt(thioether);Cl](SO,CF;) have been structurally char-
acterized. [Pt(Me,S);Cl](SO,CF;) crystallizes in space group P1 with a = 8.2320(9),
b = 9.207(1), ¢ = 23.670(6) A, V = 1719.3(4) A3, a = 91.54(2), B = 98.37(1),
v = 103.898(9)°, D, = 2.19 gem 3, R = 0.030. [Pt(tx);Cl](SO;CF;) crystallizes
in space group P1 with a = 9.865(1), b = 10.3469(8), ¢ = 11.568(1) A, V =
1114.8(1) A3, o = 97.131(7), B = 97.144(9), y = 105.299(7), D, = 2.062 g cm~?,
R = 0.044.

ACKNOWLEDGEMENT

V. Yu. Kukushkin is grateful to the Royal Swedish Academy of Sciences and the Academy of Sciences
of Russia for financial support of his stay at the Chemical Center of the University of Lund. This
research was also supported by a grant from the Swedish Natural Science Research Council.

REFERENCES

1. K. Siegmann, P. S. Pregosin and L. M. Venanzi, Organometallics, 8, 2659 (1989); B. Crociani, F.
Di Bianca, P. Uguagliati, L. Canovese and A. Berton, J. Chem. Soc., Dalton Trans., 1991, 71;
P.-K. F. Chin and F. R. Hartley, Inorg. Chem., 15, 982 (1976); R. A. Alcock, F. R. Hartley and
D. E. Rogers, J. Chem. Soc., Dalton Trans., 1973, 1070.

2. J. A. Davies and F. R. Hartley, Chem. Rev., 81, 79 (1981); V. Yu. Kukushkin and Yu. N.
Kukushkin, Theory and Practice of Coordination Compounds Synthesis, Nauka: Leningrad, 1990.

3. H. Morita and J. C. Bailar, Jr., Inorg. Synth., 22, 126 (1983).

4. For synthesis of [Pt(NCEt),Cl,] see: V. V. Lebedinskii and V. A. Golovnya, Ann. secteur platine,
Inst. chim. gén., 18, 38 (1945); Chem. Abstr., 41: 6187d.

5. For synthesis of [Pt(NCEt),](SO,CF;), see: V. Yu. Kukushkin, A. Oskarsson and L. I. Elding,
Inorg. Synth., submitted for publication.

6. X-ray crystal structures of [Pt(Me,S),}(SO,CF,),, [Pt(thioxane),}(SOsCF;), and 'H NMR spectra
of these compounds were reported: Z. Bugarcic, B. Norén, A. QOskarsson, C. Stilhandske and L.
I. Elding, Acta Chem. Scand., 45, 361 (1991); U. Frey, S. Elmroth, B. Moullet, L. 1. Elding and
A. E. Merbach, Inorg. Chem., 30, 5033 (1991).

7. N. Hadj-Bagheri and R. J. Puddephatt, Polyhedron, 7, 2695 (1988).

8. G. Alibrandi, G. Bruno, S. Lanza, D. Minniti, R. Romeo and M. Tobe, Inorg. Chem., 26, 185
(1987).



