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The title compound, [Zr2(C5H5)4(C16H15PS)2]�2CH2Cl2, was

prepared by insertion of diphosphinoacetylene into the ZrÐC

bond of the transient (�2-thioaldehyde)zirconocene formed by

treatment of Cp2ZrMe2 with one equivalent of ethanediol.

The sulfonium zirconocenate complex exhibits a centrosym-

metric sulfur-bridged dimeric structure.

Comment

(�2-Aldehyde) complexes and derived group 4 metallocenes

exhibit a wide variety of interesting structural and chemical

features. Moreover, they show a high tendency to form

dinuclear systems in which the O atom serves as a bridging

atom (Erker et al., 1986; Erker, Mena et al., 1991; Erker &

Noe, 1991; Stephan, 1991; Gau et al., 1993; Rosenthal et al.,

1993; Peulecke et al., 1996). (�2-Thioaldehyde) and related

zirconocene complexes are also readily available (Buchwald et

al., 1987). In contrast to their chalcogen homologues, the

zirconocene thiametallocycles are mostly mononuclear.

Reaction of Cp2ZrMe2 with one equivalent of thiol has been

shown to proceed via elimination of methane, affording the

complex Cp2Zr(Me)SR. In the case of a thiolate fragment with

�-H atoms, alkylthiozirconocene leads to the unstable thio-

aldehydezirconocene by thermolysis.

We report here the formation of an unprecedented 18-

electron bissulfonium zirconocenate (Miquel et al., 1998;

Cadierno et al., 1999; Miquel et al., 2000; Cadierno et al., 2002)

complex, (I) (Fig. 1). Dimer (I) can be prepared by regio-

selective insertion of diphosphinoacetylene (Charrier et al.,

1964) into the ZrÐC bond of the transient (�2-thio-

aldehyde)zirconocene formed by treatment of Cp2ZrMe2

(Samuel & Rausch, 1973) with one equivalent of ethanethiol.

The sulfonium zirconocenate complex in the title compound

adopts a centrosymmetric dimeric structure. The Cg1ÐZrÐ

Cg2 angle (where Cg1 and Cg2 are the geometrical centers of

the Cp rings) is 126.3 (1)� and a C atom and two bridging S

atoms complete the coordination sphere of the Zr atoms. The

C1ÐZrÐS and SÐZrÐSi angles (for the symmetry code see

Table 1), and the ZrÐC1 bond length, are 70.33 (6)�,
61.07 (2)� and 2.381 (3) AÊ , respectively. These values are

comparable to those found in related oxygen-bridged zirco-

nocene dimers, where these mean values are equal to 71�, 64�

and 2.38 AÊ , respectively (Rosenthal et al., 1993; Rosenthal et
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al., 1994; Peulecke et al., 1996; Kempe et al., 1998). Because the

ZrÐS bond length is longer, the SÐZrÐSi angle is slightly

smaller than the corresponding angle in the oxo series. As

expected for such a coordination mode, two different ZrÐS

bond lengths are observed, viz. ZrÐS = 2.6124 (7) AÊ and ZrÐ

Si = 2.7380 (7) AÊ . Atom C3 is a chiral center and, having a

center of inversion, the complex exhibits a meso con®guration.

However, owing to an inversion of chirality at C3, we observe

disorder in the structure affecting atoms C2, C3 and C4

[occupancies 0.84 (1):0.16 (1)].

Experimental

The experiment was conducted under a dry argon atmosphere with

standard Schlenk techniques. Solvents were freshly distilled under an

argon atmosphere from solutions of NaK2.8/benzophenone

(pentane), NaK2.8 (toluene) or CaH2 (CH2Cl2). Reagents were

purchased from commercial suppliers and used without further

puri®cation, except for ethanethiol, which was distilled and stored

under an argon atmosphere. For the preparation of the title complex,

to a solution of dimethylzirconocene (0.53 g, 2.1 mmol) in toluene

(25 ml) was added diphenylphosphinoacetylene (0.44 g, 2.1 mmol)

and a stoichiometric amount of ethanethiol (0.16 ml, 2.1 mmol). The

resulting solution was transferred into an autoclave because of the

high volatility of the mercaptan and stirred for 24 h at 383 K. The

mixture was cooled to room temperature, transferred in to a ¯ask and

concentrated in vacuo, and pentane (20 ml) was added. The resulting

solid product was washed with pentane (5 � 10 ml) and vacuum

dried. Yield 0.61 g (59%), beige powder. Recrystallization from a

CH2Cl2 solution afforded colorless crystals suitable for X-ray

analysis. The NMR spectrum could not be recorded owing to a lack of

solubility in common solvents. Analysis calculated for C52H50P2S2Zr2,

CH2Cl2: C 59.57, H 4.91, S 6.00%; found: C 59.24, H 4.99, S 5.80%.

Crystal data

[Zr2(C5H5)4(C16H15PS)2]�2CH2Cl2
Mr = 1153.29
Monoclinic, P21=n
a = 12.2116 (5) AÊ

b = 12.4090 (6) AÊ

c = 17.2983 (9) AÊ

� = 107.526 (2)�

V = 2499.6 (2) AÊ 3

Z = 2

Dx = 1.532 Mg mÿ3

Mo K� radiation
Cell parameters from 1776

re¯ections
� = 1.0±27.5�

� = 0.82 mmÿ1

T = 110 (2) K
Prism, colorless
0.50 � 0.40 � 0.25 mm

Data collection

KappaCCD diffractometer
' scans (� = 0) and additional !

scans
9529 measured re¯ections
5521 independent re¯ections
4454 re¯ections with I > 2�(I)

Rint = 0.043
�max = 27.4�

h = ÿ11! 15
k = ÿ16! 9
l = ÿ22! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.092
S = 1.03
5521 re¯ections
302 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0361P)2

+ 2.0399P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.75 e AÊ ÿ3

��min = ÿ0.91 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

ZrÐCg1 2.242 (3)
ZrÐCg2 2.242 (4)
ZrÐS 2.6124 (7)
SÐZri 2.7380 (7)
ZrÐC1 2.381 (3)

PÐC1 1.856 (3)
SÐC3 1.811 (3)
C1ÐC2 1.347 (4)
C2ÐC3 1.502 (4)

Cg1ÐZrÐCt2 126.3 (1)
Cg1ÐZrÐS 113.22 (7)
Cg1ÐZrÐSi 103.22 (7)
Cg1ÐZrÐC1 102.88 (9)
Cg2ÐZrÐS 120.43 (7)
Cg2ÐZrÐSi 99.52 (7)
Cg2ÐZrÐC1 97.7 (1)
SÐZrÐSi 61.07 (2)
C1ÐZrÐS 70.33 (6)

C1ÐZrÐSi 130.68 (7)
C3ÐSÐZr 107.30 (10)
C3ÐSÐZri 124.54 (10)
ZrÐSÐZri 118.93 (2)
C1ÐC2ÐC3 125.1 (3)
C2ÐC3ÐS 106.9 (2)
PÐC1ÐZr 119.15 (12)
C2ÐC1ÐP 116.6 (2)
C2ÐC1ÐZr 122.3 (2)

Symmetry code: (i) ÿx;ÿy;ÿz.

Because of an inversion of chirality at C3, atoms C2, C3 and C4 are

disordered. The occupancies for the disordered groups are

0.84 (1):0.16 (1). The C atoms of the disordered minor component

were re®ned isotropically. All H atoms were included in calculated

positions (CÐH = 0.93±0.97 AÊ ) and treated using a riding model,

with Uiso = 1.2Ueq (1.5Ueq for the methyl group) of the carrier atom.

Data collection: KappaCCD Server Software (Nonius, 1997); cell

re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN; program(s) used to solve structure:

SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEPIII

(Burnett & Johnson, 1996); software used to prepare material for

publication: SHELXL97 and WinGX (Farrugia, 1999).
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