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Synthesis of the first metailacarborane triple-decker complexes 
with a central cyclopentadienyl ligand 

A. R. Kudinov,* P. K Petrovskii, K L Meshcheryakov, and 1t4. L Rybinskaya 

A. N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 
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The previously unknown metallacarboranes (q-CsRs)Ru(q-9-MezS-7,8-C2B9Hj0) (R = 
H or Me) and (q-CsHs)Ni(q-9-Me2S-7,8-C2BgH Io) were prepared and used in the synthesis 
of the first metallacarborane triple-decker complexes with a central cyclopentadienyl ligand, 
viz., [(rI-CsR5)Ru(la-rI:q-CsMes)Ru(q-9-Me2S-7,8-C?BgHI0)IPF 6 (R = H or Me), 
[(q-9-Me2S-7,8-C2BgHto)Ni(IJ-q:q-CsHs)Ni(q-9-Me2S-7,8-C2BgHjo)IPF6, and 
[(q-Cs Hs)Ni(~t-rt:q-C5 Hs)Ni(q-9- Mc2S-7,8-C2B9H j0)l BF4. 

Key words: metallacarboranes, triple-decker complexes, ruthenium, nickel. 

The synthesis of the first 34-electron triple-decker 
nickel complex with cyclopentadienyt ligands 1 was 
described in 1972. Lz In 1987, we developed a procedure 
for the synthesis of the previously unknown 30-electron 
cationic triple-decker complexes of the iron-group met- 
als 2, 3-5 which also contain exclusively cyclopentadienyl 
ligands. 
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X = BF 4, PF 6 M = Fe; M" = Fe, Ru, Os; R = H 
M = Ru; M '  = Ru, Os; R = H, Me 

In the present work, we report the synthesis of the first 
metallacarborane triple-decker complexes with a bridging 
cyclopentadienyl ligand. Metallacarborane triple-decker 
complexes which conta in  the t ,3-diborolyI ligand 
C3B?MeEt 4 in the bridging position have been described 
previously. 6-9 We used the [9-Me2S-7,8-C2B9HIo]- an- 
ion ,as a carborane ligand in the synthesis of triple-decker 
complexes for the first time. 1~ This monoanion, like 
the dianion [C2BgHII} 2-, is capable of forming ~-com- 
plexes with transition metals. However, unlike the above- 
mentioned dianion, the monoanion under consideration 
resembles to a greater extent the [C5H5]- anion because 
they carry equal charges. Based on the Na[9-Me2S- 
7,8-C2BgHI0 ] salt (3), L~ we prepared cyclopentadienyl- 

metallacarbomnes (q-CsR5) M(q-9- Me28-7,8-C2 B9 H ]0) 
(M = Ru, R = H or Me; M = Ni, R = H), which were 
used in the synthesis of metallacarborane triple-decker 
complexes. 

Ruthenacarboranes 4a,b, which are carborane ana- 
logs of ruthenocenes, were synthesized by the reactions 
of compound 3 with the cationic trisacetonitrile ruthe- 
nium complexes [(q-CsRs)Ru(MeCN)3]PF 6 (R = H or 
Me) in tetrahydrofuran at 20 ~ (Scheme 1). 
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Methylated compound 4b was also formed in the 
reaction of compound 3 with [(q-C5Mes)RuCI]4,* which 
had been prepared by reduction of [(q-CsMes)RuCI2] 2 

* When the present paper was in press, the synthesis of 
compound 4b by the same method was reportcd m Ref. 20. 

Transl,~cd from Izvesti)'a Akademii Nauk. Seriya Khimiche~'kaya, No. 7. pp. [368--1373, July, 1999. 

106fi-5285/99/4807-1356 $22.00 ~i.-~ I99q Klmver Acadcmic/Plenmn Publishers 



Metallacarborane tr iple-decker complexcs Russ. Chem.Bull., Vol. 48, No. 7, July, 1999 1357 

Table I. Ill and JIB{ll-t} NMR spectral data E)r compounds 4a,b and 5a,b in CD2CI 2 

Corn- IH, 8, J/ t tz  

pound cage Ctt SMe? CsR s 

4a 4.17 (br.s, I H); 2.58 (s, 3 H); 4.98 (s, 5 H, CSH s) 
3.60 (br.s, I H) 2.41 (s, 3 tt) 

4b 3.32 (br.s, 1 H); 2.50 (s, 3 H); 
2.67 (br.s, 1 I1) 2.35 (s, 3 H) 

5a 

5b 

t.87 (s, 15 H, CsMe s) 

-0.03 (d, I H, 2.63 (s, 3 H); 5.50 (s. 5 H, 
C(8)H, J = 4); 2.12 (s, 3 H) q-CsHs); 

-0.84 (t, 1 H, 1.71(s, 15 H, 
C(7)H. J = 4) #-q:q-CsMe 5) 

-0.72(d,  I t4, 2.63 (s, 3 H): 170(s, 15 H, 
C(8)tt, d = 4); 2.13 (s, 3 H) ~-q:,l-CsMes); 

-141 (t, I H, 1.64 (s, 15 H, 
C(7)H, J = 4) q-CsMe s) 

-4.38(1 B, BSMe2); -5.33 (I B);--6.70(I B);-10.46(1 B); 
-14.56 (I B); -19.20 (I B); -25.35 (I B); -27.63 (I B); 
-28.88 (l B) 

-4.31 (1 B); -6.77 (I B, BSMe2): -8.38 (1 B); -10.55 (l B); 
-15.53 (1 B); -19.60 (1 B); -25.78 (1 B); -27.43 (I B); 
-2968  (I B) 

96.40 (1 B); 31.52 (1 B); 30.89 (1 t3); 18.58 (I B); 16.81 (I B): 
12.43 (1 13, BSMe2): 12.23 (1 13), -2.75 (I B); -10.52 (1 13) 

97.75 (I B); 35.06 (1 B); 29.89 (I B); 18.65 (2 B); 13.05 (l B); 
12.39 (1 B, BSMe2); -2.85 (I B); -10.94 (I B) 

with zinc dust in tetrahydrofuran and was used in the 
subsequent reaction without isolation from the reaction 
mixture. Compounds  4a,b are colorless (or slightly yel- 
lowish) air-stable crystalline substances, which were char- 
acterized by the data of  e lementa l  analysis and IH and 
tIBIIH} N M R  spectroscopy (Table 1), The I H  NMR  
spectra (in CD2CI2) have a singlet of  the protons of the 
CsH 5 ring at 15 4.98 (for 4a) or a singlet of  the protons of 
the methyl groups of the CsMe  5 ring at S 1.87 (for 4b). 
The signals of the cage CH protons are observed as two 
broad singlets, while the protons of the methyl groups at 
the sulfur  a tom give two narrow singlets .  The 
lIB{IH} N M R  spectra have nine  signals of the boron 
atoms and only one of them is not  split into a doublet on 
protons. This signal belongs to the boron atom attached 
to the sulfur atom. 

With tile aim of preparing 30-elect ron catiozlic 
ru thenacarborane  t r ip le-decker  complexes,  we used 
ruthenacarborane 4b in the stacking reaction with the 
12-electron cat ionic fragments [ (q-CsRs)Ru]  + (R = H 
or Me) generated from the trisacetonitrile complexes 
[ ( r I -CsRs)Ru(MeCN)3 lPF  6. The reactions were per- 
formed upon boiling in n i t romethane  analogously to the 
synthesis of tr iple-decker ru thenium complexes 2 (M = 
M '  = Rt,; R = H or Me). ] - s  t ~  a result, we obtained 
ruthenacarborane tr iple-decker complexes 5a,I} conta in-  
ing a cen t ra l  p e n t a m e t h y l c y c l o p e n t a d i e n y l  l igand 
(Scheme 2). 

Compounds  5a,b are very similar ill properties to 
cyclopentadienyl  complexes 2 (M = M" = Ru; R = H 
or Me). All these compounds  are red-orange crystalline 
substances, which are stable in air both in the solid state 
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and in CH2CI 2, MezCO, and MeNO 2 solutions. Tile 
structures of ruthenacarborane triple-decker complexes 
5a,b were proposed based on the data of elemental 
analysis and IH and liB{ill} NMR spectroscopy (see 
Table 1). The IH NMR spectra contain signals of tile 
terminal cyclopentadienyl ligands, namely, a singlet of 
the protons of the C5tt 5 ring at 6 5.50 (for 5a) or a 
singlet of the protons of the methyl groups of the CsMe 5 
ring at 6 1.64 (for 51)). For both compounds, the protons 
of the methyl groups of the central CsMe 5 ring give a 
singlet at 6 ~1.70, i.e., at lower field compared to that of 
the terminal CsMe 5 ring m compound 5b (8 1.64). 
Analogous downfield shifts of the signals of the protons 
of the methyl groups of the central ring compared to 
those of the terminal ring have been observed previ- 
ous l f  t for tile related triple-decker compounds 2 (M = 
M" -- Ru; R = H or Me). Two cage CI-I protons are 
observed as a doublet and triplet, while the protons of 
the methyl groups at the sulfur atom give two singlets. 
The I IB{IH} NMR spectra of triple-decker compounds 
5a,b are similar to those of ruthenacarboranes 4a,b. 
However, as a result of an additional coordination of the 
CsMe 5 ligand to the cationic fragments [(q-CsRs)Ru]* 
(R = H or Me), most of signals of the boron atoms are 
shifted downfield. 

We prepared nickelacarborane 6 by the reaction of 
sodium salt 3 with [(n-CsHs)Ni(Me2S)2]BF4 t4 in tet- 
rahydrofuran at - 78  ~ (Scheme 3). 

Compound 6 contains 20 vale,ace electrons and is 
paramagnetic. This compound can be considered as an 
analog of nickelocene iri which one {CsHs]- anion 
is replaced by the related carborane monoan ion  
[9-Me2S-7,8-C2BgHI0i-. This compound is air-stable 
in the solid state for several days but it slowly decom- 
poses in CH2CI 2 or Me2CO solutions. Compound 6 was 

Table 2. iH and liB{ll-l} NMR speclral data for compounds 6--8 
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characterized by the data of elemental analysis and IH 
and IIB{IH} NMR spectroscopy {Table 2). The chemi- 
cal shifts of the protons and of the boron atoms vary. in 
substantially wider ranges than those in the case of the 
analogous diamagnetic compounds of iron (rI-CsRs)Fe(ri- 
9-Me2S-7,8-C2BgHm) (R = H or Me) 15 and ruthenium 
4a,b. In the IH NMR spectrum of compound 6, the 
signals of the protons of the C$H 5 ring are observed as a 
broad singtet at 6 ~ -259.  The protons of the methyl 
groups at the sulfur atom give two narrow singlets. An 
interesting feature of the iH N M R  spectrum of this 
compound, unlike (rl-C 5 Rs)Fe(G-9- Me2S-7,8-C2BgH m) 
(R = H or Me) and 4a,b, is the fact that all eight BH 
protons of the carborane cage are distinguishable in 
addition to the CH protons. Apparently, this is due to 
the paramagnetism of complex 6. 

Corn- Sol- ill, 8, .l/Hz 

pound vent cage CH and BH* SM% CsH 5 

ilB{ilt}, 8 

6 (CD3)2CO 3.94 (br,s, I H); 1.91 (br.s, I H); 
-9 .17  (br,s, I H ) ; - 9 . 1 8  (br.s, I H); 
-12 .42 (br.s, I H ) ; - 1 3 3 . 5 2  (q, 1 H. 
JBH ~ 40); -156.77 (br.s, I H); 

-173.48 (br,s, I I I ) ;  -188.37 (br.s, I l l ) ;  
-197.11 (br,s, I H)  

7 CD3NO 2 3.59 (br.s, I H); 3.51 (br.s, I H); 
3.70 (br.s, I H);  3.00 (brs,  I H) 

-3.11 (s, 3 H): -258.91 
-7.55 (s, 3 I1) (br.s, I tt) 

2.82 Is. 6 IlL 
2.58 (s, 6 tt) 

22t.79 (1 B); 81.71 (I B); 
40.38 (1 B); 39.23 (1 B); 
-19.36 (2 B); -45.80 (1 B); 
-90.80 (2 B) 

8 CD?NO 2 3.45 {br.s, I H); 2.94 (br.s, I I I )  2 76 Is. 311): 
2.5~ (s, 311) 

5.96 (s, 5 fl) -8.10 (1 B);--9.45 (1 B); 
-12.14 (1 B); -13.56 (1 B): 
-15.80 (1 B); -18.43 (1 B); 
-21.72 (I B) 

5.65 (s, 5 H, -0.65 (I B, BF4); -8.25 (I B); 
~t-q:q-CsH5): -1064 (1 B); -12.01 (I B): 
5.38 (s. I H, -14.74 (I B); -15.88 (t B); 
q-Cstt 5) -21.05 (I g); -21.80 (1 B): 

--2273 (t B): -24.67 (1 B) 

* Signals of  ttle cage BI I  pr~tem~ :ire distinguishable onb' f~r conlpound 6. 
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The reaction of compound 6 with [Ph3C]PF 6 taken 
in a molar ratio of 2 : I afforded symmetrical 34-elec- 
tron tr iple-decker complex 7. By analogy with the for- 
marion of t r iple-decker compound 1 in the reaction of 
nickelocene with [Ph~C]X (X = BF 4 or PF~), I it can be 
assumed that the reaction proceeds via intermediate 
formation of trityl-substituted cyclopentadiene complex 
6a, which serves as a source of 14-electron fragment 6b. 
The stacking reaction of the latter with compound 6 
yields tr iple-decker complex 7 (Scheme 4). 

This symmetrical tr iple-decker complex can be con- 
sidered as a carborane analog of the classical triple- 
decker nickel compound I, which contains two carborane 
[9-M%S-7,8-C~.B9HI0]- anions instead of  two terminal 
[CsHst-  anions. 

We also studied the stacking reaction of compound 6 
with the 14-electron [(q-C5Hs)Ni]* fragment generated 
b7 situ from the corresponding cyclopentadiene complex 
[(q-CsHs)Ni(q-CsH6)]BF4. I~ This reaction yielded un- 
symmetrical  34-electron t r ip le-decker  compound 8 
(Scheme 5). 

This compound occupies an intermediate position be- 
tween the classical triple-decker complex I t,z and sym- 
metrical bis-carborane complex 7. Compound 8 contains 
the [C5H51- anion along with the [9-Me2S-7,8-C2BgHj0 I- 
anion as terminal ligands. Triple-decker compounds 7 and 
8, like compound 1 described previously, are air-stable in 
the solid state over a short period, compotmd 8 being 
somewhat less stable. It should be noted that all the above- 
mentioned compotmds are substantially less stable than 
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ruthenium-co,ltaining analogs 5a,b. Complexes 7 and 8 
are readily soluble in nitromethane, forming solutions 
stable at low temperature. Complex 8 is poorly soluble in 
dichloromethane, giving a solution stable at room tem- 
perature, while compound 7 is virtually insoluble in 
CH2CI 2. The use of coordinating solvents (acetone, metha- 
nol, acetonitrile, etc.) leads to rapid decomposition of 
compounds 7 and 8. The structures of triple-decker com- 
plexes 7 and 8 were proposed based on the data of 
elemental analysis and IH and ~JB{IH} NMR spectro- 
scopy (see Table 2). The spectral data indicate that com- 
pounds 7 and 8 are diamagnetic, like the related complex 
1. The I H NMR spectrum of unsymmetrical compound 8 
has a signal of the protons of the terminal cyclopentadienyl 
ring at 8 5.38, which agrees well with the data for triple- 
decker complex 1 (6 5.4).1.z The signal of the protons of 
the central ring in compound 8 (8 5.65) is substantially 
shifted downfield compared to the signal of compound 1 
(g 4.7). t,z Apparently, this is due to the substantial effect 
exerted by the carborane ligand. The I H NMR spectrum 
of symmetrical triple-decker complex 7 has signals of the 
protons of the central CsH 5 ligand at even lower field 
(8 5.95) due to the fact that this compound contains 
simultaneously two carborane ligands. In addition to the 
signals of the protons of the cyclopcntadienyl rings, the 
~H NMR spectra of compounds 7 and 8 have signals of 
the cage CH protons and of the methyl groups at the sulfur 
atom. It should be enlphasized that the spectrum of 
compound 7 contains two sets of signals of the cage CH 
protons. This is associated with the fact that the [9-Me2S- 
7,8-C2B9H m]- anion is a racemic mixture of two enanti- 
omers and, consequently, compound 7 exists as three 
stereoisomers (DD, LL, and meso). An attalogous situation 
has beeq observed previously 13 for the Fe(q-9-Me2S- 
7,8-C2BgHm)2 compotmd, which possesses a symmetry 
similar to that ofcompound 7. The tH and JlB{IH} NMR 
spectral data confirm that unsymmetrical triple-decker 
compound 8 is less stable than its symmetrical analogs 1 
and 7. The symmetrization reaction proceeds at room 
tempentture upon storage of a soltltion of complex 8 in 
CD~NO 2 (Scheme 6). 

Even after several minutes, two additional sets of 
signals appear in the tH N M R  spectrum. These signals 
correspond to symmetrical triple-decker cations 1 and 7, 
their ratio being approximately I : 1. The observed 
symmetrization reaction provides additional supporting 
evidence for the structure of  8 as an unsymmetrical 
tr iple-decker complex. Interestingly, unsymmetrical  
carborane triple-decker ruthenium complexes 5a,b are 
substantially more stable. Thus, the symmetrization re- 
action of the latter compounds does not proceed even in 
boiling MeNO 2 (these conditions were used for prepar- 
ing compounds 5a,b). 

In summary, using rt, thenium and nickel as ex- 
amples, we prepared the first representatives of  metalla- 
carborane t r ip le-decker  complexes  with a central 
cyclopentadienyl ligand 

Experimental 

All reactions were carried out under an argon atmosphere 
with the use of anhydrous solvents. Nickel-containing com- 
plexes ? and 8 were isolated under an inert atmosphere. In the 
other cases, the reaction products were isolated in air. 

The init ial compounds Na[9-Me2S-7,S-C2B9HIoJ. 13 
t1 18 [(q-C5 Hs)Ru(MeCN)31PF6, [(q-CsMes)Ru(MeCN)3]PF 6 �9 

[(q-CsMes)RuCI21> 19 [(q-CsHs)Ni(Me2S)21BF4,14 and 
[(q_CsHs)Ni(q_CsH6)]BF 4 16 were prepared according to known 
procedures. The IH and 1113{IH} NMR spectra were recorded on 
a Bruker AMX-400 instn,ment. The I I B{I H } NM R specu-a were 
measured relative to BF 3 �9 Et20 as the e• standard. 

(q-Cyclol~entadieuyl)- (4a) and (q-i~ntamethylcyelopenta- 
dienyl) (rl-9-dimethyisulfonio-7,8-dicarbolUde)ruthenium (4b), 
(q-CsRs)Ru(q-9-MezS-7,8-CzBgItt0) (4a, R = H; 4b, 
R = Me). ,4. Tetrahydrofi, ran (10 naL) and a 0.5 M 
NaI9-Me2S-7,8-C2BgHI0[ solution in TtIF (2 mL, 1 mmot) 
were added to [(rI-CsHsIRu(MeCN)3JPF 6 (434 rag, I rnnaot) 
or [(q-CsMes)Ru(MeCN)31PF 6 (504 nag, I namol). The reac- 
tion mixture was stirred for 24 h. Then the solvent was 
distilled off in vacuo and methanol (5 mL) wax added to the 
residue. The solid compound was filtered off and washed 
several times with methanol (2--3-mL portions). The crude 
product was dissolved in CH2CI 2. Then ethanol (15--20 mL) 
was added and the solutiou was concentrated to ~I0--15 mL 
it, w~cuo with the use of a water-jet pump. The precipitate was 
filtered off and washed with ether. Complexes 4a and 4h were 
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isolated as virtually colorless (or very pale-yellow) finely crys- 
ratline solids. The yiclds were ~80%. Complex 4a_ Found (%): 
C, 30.24; H, 6.01. CgH21B9RuS. Calculated (%): C, 30.05; 
H, 5.89. Complex 4b. Found (%): C, 39.36; H, 7.42. 
CI4H31B9RuS. Calculated (%): C, 39.12; H, 7.27. 

B. Tetrahydrofuran (10 mL) was added to 
I(q-CsMe.s)RuCI2] 2 (307 ms, 1 mg-equiv.) and zinc dust 
(0.5 g, an excess). The reaction mixture was stirred at room 
temperature for ~1--2 h The color of the solution changed from 
red-brown to dark-green and then again to red-brown. A 0.5 M 
Na[9-Me2S-7,8-C2B9Ht0 ] solution in THF (2 mL, 1 retool) 
was added to the reaction mixture containing 
{(q-CsMes)RuCI h. The mixture was stirred for 24 h and the 
solvent was distilled off in vacuo. Then the residue was washed 
several times with methanol (2--3-mL portions) and extracted 
with dichloromethane. Ethanol (15--20 mL) was added to the 
reaction mixture and the solution was concentrated to -10-- 
15 mL in vacuo with the use of a water-jet pump. The finely 
crystalline virtually colorless precipitate was filtered off and 
washed with ether. The yield of complex 4h was 343 nag (80 %). 

(~- q:q- Pentamethylcyclopentadienyl) (q-cyclopentadienyl)- 
(5a) and (rt-q:q-penlamethylcyclopentadienyl)(q-pentamethyl- 
cyclopentadienyl)(q - 9-dimethylsulfonio- 7,8-dicarbollide)di- 
ruthenium hexafluorophosphate (Sb), [(q-CsRs)Ru(~t-q: q- 
CsMe5)Ru(q-9-Me2S-7,8-CzBgHI0)]PF6 (Sa: R = tl; 5b: 
R = Me). To a mixture of compound 4b (43 mg, 0.1 mmol) 
and [(q-CsRs)Ru(MeCN)3]PF 6 (R = H or Me) (0.1 mmol) 
MeNO~ (0.5 mL) was added and the reaction mixture was 
heated on an oil bath (120 ~ for 0.5 h (R = H) or 4 h (R = 
Me). Then the solvent was distilled off in vacuo and the 
residue was dissolved in Me2CO and chromatographed on an 
alumina column (1 • 15 cm) using acetone as the elnent. The 
yellow band was collected and the solvent was distilled off 
in vacuo. The residue was dissolved in CH2CI 2 (2--3 mL) and 
a tenfold excess of ether was added. Compound 5a was isolated 
as a yeflow-orange precipitate and compound 5b was isolated 
as small dark-red crystals. The yields were ~60%. Complex 5a. 
Found (%)7 C, 31.23; H, 5.08. ClgH36B9F6PRu2S. Calculated 
(%): C, 30.80: H, 4.90. Complex 5b. Found (%): C, 35.89; 
H, 5.96. C24H46BgF6PRu2S. Calculated (%): C, 35.34; 
tt, 5.72. 

(q-Cyelopentadienyl)(q-9-dimethylsnlfonio-7,8-diearbol- 
lide)nickel, (q-CsHs)Ni(q-9-Me.zS-7,8-CzBgtlI0) (6). A 
0.35 M Na[9-Me2S-7,8-C2BgHI0] solution in THF (12 mL, 
4.2 mmol) was added to a solution of [(rI-CsHs)Ni(Me2S)2]BF 4 
(I.40 g, 4.2 mmol) in THF (I0 mL) at -78  ~ The reaction 
mixture was slowly warmed with stirring to room temperature. 
The solvent was evaporated and the residve was washed several 
times with small portions of methanol until the methanol 
ceased to turn brown. To prepare the analytically pure product, 
the solid compound was dissolved in CH2CI 2, an equal volume 
of alcohol was added, and a large portion of dichloromethane 
was distilled off in vacuo with the use of a water-jet pump. The 
precipitate that formed was filtered off and dried in vacua. 
Compound 6 was obtaincd in a yield of 700 mg (50%) as a 
finely crystalline dark-green substance. Found (%): C, 34.1 I; 
H, 6.51. CgH~IB9NiS. Calculated (%): C, 34.06; H, 6.67. 

(~t-q :q- Cyelopentadienyl)bis[(rl-9-dimethylsulfonio- 7,8- 
dicarbollide)nickell hexafluorophosphate, [(q-9-Me2S-7,8- 
C2BgH io)Ni(/~-q :q -CsH 5)Ni(q-9-MezS-7,8-Cz BgH 10) ] PF6 
(7). Dichloromethane (10 mL) was added to a mixture of 
compound 6 (150 ms, 0.47 retool) and [Ph3C]PF 6 (91 nag. 
0.23 retool) and the rcaction mixture was stirred at -20 ~ for 
4b~ h. The brown precipitate that formed was filtered off and 
washed 3--4 times with small portions of CH2CI 2, The solid 
residue was dissolved in MeNO 2 (2--3 mL) on a filtcr and ~hc 
solution ~as filtered into a flask containing Et~O (-50 mL.) 

The precipitate that formed was filtered off, washed several 
timcs with Et20, and dried in vacuo. Complex 7 was obtained 
in a yield of 130 mg (~50%) as a brown solid. Found (%): 
C, 21.84; 11, 5.22. CI3H37BIsF6Ni2PS2.. Calculated (%): 
C, 21.85; H, 5.22. 

(~t -q:q -Cyelopentadienyl) (rt-cyclopentadienyl)( q -9-di- 
methylsulfonio-7,8-diearbollide)dinickel letrafluoroborate, 
[O]-Cstls)Ni(~t-q :rl-CsHs)Ni(q-9-MezS-7,8-C2B9 tt 10) ] B F, I 
(8). Dichloromethane (5 mL) was added to compound 6 
(400 ms, 1.26 mmol) and [(q-CsI-Is)Ni0]-CsH6)]BF 4 (350 rag, 
1.26 mmol). The reaction mixture was stirred at ~20 ~ for 
4 h. The dark-brown precipitate that formed was filtered off 
and washed with a small atnount of CH2CI 2. The solid residue 
was dissolved in MeNO 2 (2--3 mL) at 0 ~ and the resulting 
solution was rapidly filtered into a flask containing Et20 
(~50 mL). The product was obtained as a black oil, which was 
crystallized out upon washing with ether. Complex 8 was 
obtained in a yield of 357 mg (50%) as a black finely cD'stal- 
line compound.  Found (%): C, 31.88; H, 5.24. 
CI~H:6BIoF4Ni2S. Calculated (%): C, 31.,~5; It, 4.96. 
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