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Synthesis of halogen-bridged complexes [Pt(R,SO)(u-X)X],
by thermolysis of cis-[Pt(R,SO)(R'CN)X,]. X-ray structure of
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Abstract

The reactions of K[Pt(R,S0O)X,] with R’'CN in water, substitution of acetonitrile in cis-[Pt{MeCN),Cl,]
for sulfoxides and the bridge-cleavage reactions of [Pt(R,SO)(u-Cl)Cl], with R'CN lead to isolation of
cis-[Pt(R,SO}R'CN)X,] (R=Me, R'=Me, X=Cl, Br; R=FEt, Ph, R'=Me, X=Cl; R =Me,
R’=CH,Ph, CH,CO,Et, Ph, X =Cl). The reaction of [Pd(MeCN),Cl,] with Me,SO in acetone
followed by removal of the solvent results in isolation of the solid [Pd(Me,SO)(u-Cl)Cl],. Ligands R'CN
in cis-[Pt(R,SO}R'CN)X,] rapidly abstracted on heating in the solid phase or in solution producing
halogen-bridged compounds [Pt(R,SO)(u-X)X],. The structure of the complex [Pt(Et,SO)(u-Cl)Cl],
was determined by X-ray analysis. The compound crystallizes in the P2,/b space group. The unit
cell dimensions are a =5.925(1), b =11.175(2), ¢ = 14.195(3) A, y =98.79°, ¥ =928.8(3) A%, Z =2.
A comparison of Pt—Cl bond lengths in the molecule [Pt(Et,SO)(u — CI)Cl], suggests that the trans-
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influence of diethyl sulfoxide is higher than that of the chloride ion.

Introduction

Binuclear halogen-bridged complexes [PtL(u-
X)X], (X = Cl, Br) are important in the chemistry
of Pt(IT) coordination compounds. This can be
attributed to the fact that [PtL(u-X)X], rapidly
reacts with ligands L' with the formation of not
always easily obtained compounds [PtLLX,].

Sulfoxide-containing compounds [Pt(R,SO)(u-
C)CI], are rather poorly known. The com-
plex [Pt(Me,SO)(u-C)Cl], was first prepared by
thermal abstraction of ethylene from cis-
[Pt(Me,SO)(C,H,)Cl,] [1,2]. Later it was syn-
thesized by the reaction of K[Pt(Me,SO)Cl;]
and AgNO, in water [3]. The compounds
[Pt(R,SO)(u-CDCI], (R = Me, Et) are known to

*Author to whom correspondence should be addressed.

0020-1693/91/$3.50

result from the reactions of cis-[Pt(R,SO),Cl,]
with PtCl, in naphthalene at 165 °C [4].

It has been reported [5] that heating the solid
complex cis-[Pt(Me,SO}MeCN)Cl,] at 145 °C,
results in the abstraction of acetonitrile and the
formation of [Pt(Me,SO)(u-C1)Cl], in nearly
quantitative yield. Different ways of synthesis of
the complexes cis-[Pt{(R,SO)}R'CN)X,], and
their thermal conversion in the solid phase and in
solution with the formation of the corresponding
[Pt(R,SONu-X)X],, are discussed along with
data of the X-ray structure study of
[Pt(Et,SO)(u-C)HCl),.

Experimental
Materials and apparatus

The complexes cis-[Pt(MeCN),Cl,] [6] and
K[Pt(R,S0)X;] (R=Me, X=Cl,Br; R=Et,
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X = Cl) [7] were prepared by known methods. IR
spectra were recorded using a Perkin-Elmer model
983G spectrometer in KBr pellets, a Perkin-Elmer
model 580 spectrometer in Csl pellets and a Fis-3-
Hitachi spectrometer in polyethylene pellets. The
melting points or decomposition points were mea-
sured using a Kofler table. TGA measurements
were carried out by means of the Paulik, Paulik,
Erdey model OD-102 derivatograph, samples be-
ing heated at 5 °/min. Elemental analysis was
performed by the Chair of Analytical Chemistry
at the Leningrad State University (Table 1).

Syntheses

cis-Dibromo(dimethyl sulfoxide)(acetonitrile)

platinum(1I)

To a solution of K[Pt(Me,SO)Br;] (0.50 g,
0.9 mmol) in water (15 ml) was added acetonitrile
(0.63ml, 11.9 mmol) and the mixture was kept at
20 °C for 10 h. The released needles were collected
on a filter, washed with water (3 x 5 ml), ethanol
(3 x 5ml), ether (3 x 5ml), and dried in air at
20°C. Yield of cis-[Pt(Me,SO)MeCN)Br,] =
0.24 g, 56% based on Pt.

cis-Dichloro(dimethyl sulfoxide)(organonitrile)

platinum(Il) (organonitrile=PhCH,CN, EtCO,-

CH,CN, PhCN)

R’'CN (9.3 mmol) was added to a suspension of
[Pt(Me,SO)(u-CDHCI], (2.13 g, 3.1 mmol) in ace-
tone (25-40 ml) and boiled to complete homoge-
nization within 5-10min. The solution was
filtered and the solvent was removed on boiling to
the formation of an oily mass. After cooling the
resulting product was isolated by addition of ether
(20-30 ml), filtered, washed on a filter with ether
(2 x 5ml), and dried in air at 20 °C. Yield of the
complexes 60—70% based on Pt.

cis-Dichloro(diphenyl sulfoxide )(acetonitrile)

platinum(1I)

A suspension of cis-[Pt(MeCN),Cl,] (2.67 g,
7.7mmol) and diphenyl sulfoxide (2.3g,
11.5 mmol) in nitromethane (75 ml) was boiled
and stirred for 15 min. The mixture was cooled,
filtered and the filtrate was evaporated in an open
vessel on boiling of the mixture to 15 ml. After
cooling, the precipitate was filtered, washed on a
filter with hot toluene (2 x 5 ml), ether (3 x 5 ml),
and dried in air at 20°C. Yield of «cis-
[Pt(Ph,SO)MeCN)Cl,] =1.72 g, 52% based on
Pt.

Di-p-chloro-dichlorobis(diethyl sulfoxide)

diplatinum(1l)

Diethyl sulfoxide (0.3 ml, 3.1 mmol) was added
to a solution of cis-[Pt(MeCN),Cl,] (0.99g,
2.8 mmol) in hot (100 °C) nitromethane (30 ml),
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and the mixture was diluted with p-xylene
(45 ml). The resultant mixture was boiled in an
open vessel for 5 min. The precipitate was filtered
off and the filtrate was boiled and stirred for
another 20 min. After cooling, the precipitate was
filtered, washed on a filter with ether (3 x 5 ml),
and dried in air at 20 °C. Yield of [Pt(Et,SO)(u-
C))Cl], =0.52 g, 49% based on Pt.

Preparation of [P(R,SO)u-X)X], by thermol-

ysis of corresponding cis-[Pt(R,SO)(MeCN)X,]

(R =Me, Et, Ph, X =Cl; R = Me, X = Br)

The complexes cis-[Pt(R,SO) MeCN)X,] were
powdered with a pestle in agate mortar, spread in
a thin layer and kept in a thermostat. Thermosyn-
thesis temperatures are given in ‘Results and dis-
cussion’. The reaction was controlled by change
of the sample mass. Yields of [Pt(R,SO)(u-X)X],
are almost quantitative.

Di-p-chloro-dichlorobis(dimethyl sulfoxide)

dipalladium(I)

Dimethyl sulfoxide (0.11 ml, 1.61 mmol) was
added to a suspension of [Pd(MeCN),Cl,] (0.4 g,
1.54 mmol) in acetone (20 ml) with stirring. After
5 min, the solution was filtered from the small
amount of precipitated trans-[Pd(Me,SO),Cl,]
and the solvent was removed by natural evapora-
tion at 20°C. Yield of [Pd(Me,SO)u-
C)Cl], =0.27 g, 69% based on Pd.

Structure determination

Diffraction data were collected on a Syntex PT
diffractometer, using Mo Ka radiation, S-filter;
cell parameters from refined angles of 12 centered
reflections with 26 between 21 and 27°; 1412
independent reflections of which 1322 with
I = 30(I) measured up to 26 < 50° by /20 scan
technique. Scan speed 3.0-12.0° min~'. Standard
reflections 300, 040, 008 measured every 100
reflections showed no change with time. Diffrac-
tometer data were processed by the program
PROFIT [8] with profile analysis of reflections.
Structure was solved by means of Fourier synthe-
ses based upon the Pt atom coordinates obtained
from the Patterson synthesis and was refined
by full-matrix least-squares based on F with
weights w = 1/a(F) + 0.0080F2 All non-hydrogen
atoms were treated isotropically. H atoms were
not refined. R =0.059, R,=0.055 S =0.862.
Lorentz, polarization and absorption correction
were made (crystal size: 0.10 x 0.05 x 0.09 x 0.09,
crystal faces (100), (001), (011), (0T1)). Calcula-
tions were carried out with SHELXTL [9] on a
Nova-3 computer. Table 2 shows the crystallo-
graphic data for [Pt(Et,SO)(u-Cl)Cl],, and Table
3 presents atomic parameters and their equivalent
isotropic factors.
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TABLE 2 Crystallographic data for [Pt(Et,SO)(u-Cl)Cl],

Crystal system monoclinic
Space group P2,/b

a (A) 5925(1)
b (A) 11175(2)
c (&) 14 195(3)
¥ (%) 98 79(2)

v (A% 928 8(3)

z 2

pcalc (g cm’3) 2 66

u (ecm™Y) 166

TABLE 3 Atomic parameters ( x 10%) and their equivalent
1sotropic factors (A2 x 10%) with e s d s n parentheses

Atom x y z U

Pt 6291(1) 3896(1) 5553(1) 42(1)
CK(1) 6507(7) 6022(3) 5585(2) 56(1)
ClI(2) 9061(7) 4008(3) 6667(4) 88(2)
S 6012(6) 1924(3) 5466(2) 42(1)
(o) 4028(12) 1327(6) 4897(7) 48(3)
c(n 8609(17) 1522(10) 5000(11) 47(4)
C(2) 8864(20) 1819(13) 3927(12) 66(5)
C(3) 5805(21) 1243(11) 6626(10) 57(5)
C(4) 3675(26) 1407(17) 7092(14) 96(8)

Results and discussion

Synthesis of [Pt(R,SO)YR'CN)X,]

The smmplest method of preparation of
[Pt(R,SO)(R'CN)X,] 1s a halogenide 10on replace-
ment with the R’CN molecule in K[Pt(R,S0)X,]
The reaction proceeds in water at 20 °C and re-
sults 1n release of the complexes required into the
solid phase

H,0
K[P(R,SO)X,] + R'CN ——
cts[Pt(R,SO)R'CN)X,] + KX (1)

R =Me, R"=Me, Ph, X =Cl
R=Me, R'=Me, X=Br

Reaction (1) does not always give the required
result Therefore, we could not prepare the

complex cus-[Pt(Et,SO)(MeCN)Cl,], and the
compounds cis-[Pt(Me,SO}R'CN)Cl,] (R'=
CH,Ph, CH,CO,Et) were obtamned in very small
yields

It was recognized that organonitrile in the ob-
tained complexes cis-[Pt(R,SO) R'CN)X,] 1s eas-
ily replaced with an X~ 1on in solutions of
dichloromethane, 1,1,2,2-tetrachloroethane, ni-
tromethane, dimethylformamide and even in the
medium of corresponding R'CN

c1s[PHR,SO)R'CN)X,] + Q* X~ — >
QIPY(R,S0)X;] + R'CN  (2)
Q = Et,N, Ph,As, Ph,PCH,Ph,[(Ph,P),N]

Hence, the replacement reactions in water and n
non-aqueous solvents proceed 1n different ways A
low solubility of [Pt(R,SO)R'CN)X,] and a rela-
tively high energy of hydration of the formed KX
1s apparently one of the possible driving forces of
reaction (1)

The other possible way of synthesis of the title
complexes 1s the organomtrile replacement in
[Pt(R'CN),X,] with the sulfoxide molecule The
process was implemented to prepare the acetoni-
trile complex

c1s-[Pt(MeCN),Cl,] + Ph,SO
c1s-[Pt(Ph,SO)(MeCN)ClL,] + MeCN  (3)

The authors also made an attempt to prepare
[Pd(Me, SO} MeCN)Cl,] from the interaction of
[Pd(MeCN),Cl,] with dimethyl sulfoxide How-
ever, when these reagents are mixed in a 1 1 molar
ratio 1n acetone followed by removal of the sol-
vent a chloro-bridged complex [Pd(Me,SO)(u-
C)HCi], 1s formed, which has already been
reported [10]

It 1s noteworthy that a possible method for the
formation of cis-[Pt(R,SO}R'CN)X,] 1s the re-
placement of one of the sulfoxides 1n cis-
[Pt(R,S0O),X,] It was shown earlier [11] that on
heating cis-[Pt(Me,SO),CL,] 1n acetonitrile solu-

tion an equilibrium 1s attamed

cis-[Pt(Me,S0O),Cl,] + MeCN 2
cis-[Pt(Me,SO)(MeCN)CL,] + Me, SO  (4)

The reaction can be completely shifted towards
the formation of cis-[Pt(Me,SO)MeCN)Cl,]
through alkylation of a dimethyl sulfoxide free
molecule resulted from eqn (4)

Probably, the universal method for the syn-
thesis of the complexes [Pt(R,SO)R'CN)X,]
1s the mteraction of the halogen-bridged com-
pounds [Pt(R,SO)i-X)X], with the correspond-
imng R'CN

[Pt(R,SO)1-X)X], + 2R'CN
2 as-[Pt(R,SOXR'CN)YX,] (5)

R = Me, R’ = CH,Ph, CH,CO,Et,Ph, X =CI

R =Me, R"=Me, X =Br

R =Et, R"=Me, X=Cl

Using reaction (5) we were able to synthesize

complexes containing weak donor organonitriles
(eg cs-[Pt(Me,SO)EtCO,CH,CN)CL]) How-
ever, the use of reaction (5) 1s imited by the fairly

MeNO,

Me,CO




poor preparation of the above sulfoxide com-
plexes of the bridge-type. Therefore, the authors
have worked out simple techniques for the synthe-
sis of some of these compounds.

Thermolysis of cis-[P{R,SO)MeCN)X,] in the
solid phase and in solution

TGA studies of the complexes cis-
[Pt(R,SO)(MeCN)X,] show a mass loss on TG
curves corresponding to the abstraction of the
acetonitrile molecule. On heating of cis-
[Pt(R,SO)(MeCN)X,] using a Kofler table at the
mass loss temperatures a drastic colour change
from pale yellow to bright orange was observed.
The IR spectra of samples after heating show the
disappearance of the v(CN) absorption bands and
the appearance of the v(PtCl-u) bands. The ele-
mental analyses of the products of thermosynthe-
sis fit the halogen-bridged sulfoxide complexes
(Table 1). Therefore, thermolysis of the complexes
cis-[Pt(Me,SO)YMeCN)X,] (X =Cl, Br) and cis-
[Pt(Et,SO)(MeCN)Cl,] in the solid phase at 145,
130 and 120 °C, respectively, results in dimer
products.

2 cis-[PY(R,SO)(MeCN)X;] —
[Pt(R,SO)(1-X)X],

Complexes synthesized in this way contain no
by-products and can be used in further reactions
without additional purification.

Thermolysis can run in a solution as well. In
this case, the complex cis-[Pt(MeCN),Cl,] was
heated in an open vessel containing equimolar
amount of an appropriate sulfoxide with a mix-
ture of nitromethane with p-xylene (see ‘Ex-
perimental’). However, by this method a pure
product was only synthesized for Et,SO. In all
other cases, the halogen-bridged complexes need
further purification.

Structure of [Pt(Et, SO)(u-CI)Cl], (Fig. 1)

It was established that the molecule of the
complex is in the center of symmetry. Both plat-
inum atoms, chlorine and sulfur atoms are sited
practically on the same plane. The deviations of
Pt, CI(1), CI(2) and S atoms from this plane are
—0.008, +0.005, —0.001 and +0.005 A, respec-
tively. Bond angles between platinum and ligands
are comparable with those in other compounds of
the [PtL(x-C)CI], type (Tables 4 and 5).

The bond between the platinum(II) ion and
diethyl sulfoxide is accomplished through the sul-
fur atom as in most other platinum complexes
with dialkyl sulfoxides [19, 20]. At present only
two structures with O-coordinated Me,SO
molecules are known [21,22]. The Pt-S bond
length 1s 2.188(3) A (Table 4) which is in good
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cx2)*

Fig. 1. View of the molecular structure of the [Pt(Et,SO)(u-
C1)Cl], complex with the atomic numbering scheme. Positions
of the hydrogen atoms are not shown.

TABLE 4. Bond lengths (A) and bond angles (°) for
[Pt(Et,SO)(u — C1)Cl], with e.s.d.s in parentheses

Bond lengths

Pt-Ci(1) 2.360(4) Pt-CK2) 2.268(5)
Pt-S 2.188(3) Pt-CI(1) 2.327(4)
CI(1)-Pt 2.327(4) S-O 1.496(9)
S-C(1) 1.794(12) S-C(3) 1.811(15)
C(1)-C(2) 1.561(22) C(3)-C(4) 1.461(22)
Bond angles

CI(1)-Pt-Cl(2)  90.2(1) Cl(1)-Pt-$S 177.5(1)
CI(2)-Pt-S 92.2(1) CI(1)-Pt-CI(1)’ 84.4(1)
CI(2)-Pt—-CI(1)" 174.6(1) S-Pt-CI(1)’ 93.2(1)
Pt-CI(1)-Pt’ 95.6(1) Pt-S-O 114.4(3)
Pt-S-C(1) 109.7(4) 0-S-C(1) 109.6(6)
Pt-S-C(3) 111.2(4) 0-S-C(3) 107.8(5)
C(1)-S-C(3) 103.6(6) S-C(1)-C(2) 111.4(9)
S-C(3)-C(4) 111.3(11)

agreement with bond lengths in the complexes
with the anion [Pt(Me,SO)Cl;]~ [19, 23-25] but
slightly lower than in compounds [Pt(R,SO)LCl,}
(L =R,SO [26-30], MeCN [31]).

The sulfur atom in diethyl sulfoxide exhibits a
tetrahedral configuration. The bond angles of C-
S-C and O-S-C fall in the range 104-110°.
Ethyl groups in the sulfur atom exhibit a W-
configuration. The dihedral angle between a plane
passed through Pt, O, S atoms and the main plane
of the complex is 9.8°.

The interatomic distances of Pt—Cl(2) and Pt—
CI(1)’ differ by about 0.06 A. Such a difference
between bond lengths of the platinum with termi-
nal and bridge chlorine atoms is also characteris-
tic of other complexes of the [PtL(u-C)Cl], type
(Table 5). Bond lengths of Pt—Cl(2) and Pt-
CI(1)’ in the complex [Pt(Et,SO)(u-Cl)Cl], are in
fact identical to those of Pt—Cl(t) and Pt-Cl(y) in
the complex (C;R;),[Pt,(u-Cl1),Cl,] [32].

Complexes of the [PtL(u-Cl)Cl], type are use-
ful for determining the trans-influence of ligands
L as compared to the chloride ion. In this case
the bond lengths of Pt—Cl(x) on the coordinates
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L-Pt-Cl(u) are compared with the bond length
Pt—Cl(x) on the coordinates CI(t) -Pt—Cl(x). The
analysis of structure data for different complexes
of [PtL(u-CI)Cl}, (Table 5) shows that the trans-
influence of diethyl sulfoxide is higher than that of
the chloride ion. The trans-influence of ligands in
the complexes of the [PtL(u-CI)Cl], type de-
creases in the order: PPry> C(CH,CMe;)-
(OCHMe,) > AsMe; > Me,C=C=CMe, > Et,SO

> C;H,, > CsHy > C;HyN.
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Note added in proof

Addition of Et,SO to a solution of cis-[Pt(MeCN),Cl,] fol-
lowed by boiling of the mixture leads to the formation of
the precipitate (see ‘Experimental’). We have established that
this precipitate is trans-{[Pt{MeCN),Cl,]. The latter has
recently been obtained by the thermal isomerization of cis-
[Pt(MeCN),Cl,] in the solid phase (V. Yu. Kukushkin and V.
M. Tkachuk, unpublished results) and in aqueous suspension
(F. P. Fanizzi, F. P. Intini, L. Maresca and G. Natile, J.
Chem. Soc., Dalton Trans., (1990)199).



