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Synthesis of a Mixed-metal Bimetallic Monocarbon Metallocarborane by 
Polyhedral Expansion 

By CHRIS G. SALENTINE and M. FREDERICK HAWTHORNE* 
(Department of Chemistyy, University of California, Los Angeles, California 90024) 

Suminary Addition of Na+C,H,- and NiBr,,BCaH,(OMe), 
to [Me,N J [(n-C,H,)Com(,-CB,H,)] previously reduced 
with sodium naphthalide formed a new bimetallic mixed 
metal monocarbon metallocarborane (T-GHJCO~(T- 
CB,H,)XiIV(.rrC,H,), isolated in a t  least four isomeric 
forms, representing an extension of the polyhedral 
expansion reaction to monocarbon metallocarboranes. 

THE polyhedral expansion reaction has been used to prepare 
metallocarboranes from cZoso-carboranesl.O as well as 
bimetallic metallocarboranes from monometallocarboranes.~ 
Bimetallic carboranes formed in this way have previously 
consisted of two-carbon systems containing identical 
metals. We now report the synthesis of a novel mixed- 
metal, neutral metallocarborane formulated as (n-C&,)Com- 
(n-CB,H,)Ni'V(n--C,H,), constituting the first esample of a 
bimetallic monocarbon metallocarborane and containing the 
new ligand CB,HS5-. This is the first in a series of ligands 
of general formula CB,H,+15-. 

Reduction of [Me,N] [(~-C,H,)COIII(~T-CB,H~)]~ in tetra- 
hydrofuran at 25" with sodium naphthalide (3  mol. equiv.) 
followed by addition of a threefold excess of Na+C,H,- and 
excess of NiBr,,2C2H,(OMe), afforded a mixture of products. 
Two major isomers of (T-C,H,)CO~II(T-CB,H,)N~~~'(~-C,H,), 
(I) and (11), were separated by column chromatography and 
isolated in %5 and 6% yields, respectively; m.p.s. 171  and 
199" (in evacuated capillaries). 

The 80.5 hilHz llB n.m.r. spectrum of (I), measured in 
(CD,),CO, contained doublets of relative area 1 : 2 : 2 : 2 at 
-41.9 (140), -36.3 (150), -17.5 (150), and +2-6 (160) 
[chemical shift, p.p.m. relative to F3B,0Et, (coupling con- 
stant, Hz)]. The 100MHz lF1 n.m.r. spectrum of (I) con- 
sisted of sharp singlets at T 4-91 and 3.93 and a broad 
resonance at r 1-62 of relative areas 5 : 5 : 1. The 80-5 MHz 
1113 n.m.r. spectrum of (II), measured in (CD,),CO, consisted 
of doublets of relative area 1 : 2:  2 :  2 at - 115.8 ( l G O ) ,  
-3.6 (155), +1-0 (150), and +6.2 (140). The 100MHz 
1H n.m.r. spectrum of (11) consisted of sharp singlets at 
7 5.10 and 4.70 and a broad resonance at T 5.65 of relative 
areas 5: 5: 1. The sharp singlets were assigned to cyclo- 
pentadienyl protons and the broad singlets to carborane 
C-H. Elemental analyses for both isomers were con- 
sistent with the formula B,C,,H,,CoNi, and both isomers 
exhibited mass spectra with cut-offs a t  m/e 346 corre- 
sponding to  the 11B712Cl11Hls5DCo60Ni+ ion. 

When the reaction was performed at reflux temperature, 
(I) and (11) were isolated in 8 and 17% yields, respectively. 
Isomer (I) rearranged slowly in heptane at reflux to isomer 
(11). At least two other isomers of (n--C,H5)CoUI(~-CB,H,)- 

Nim(n-C,H,) have been isolated from these reactions in very 
low yield and studies are in progress to determine the 
structures and rearrangement properties of these additional 
isomers. 

FIGURE. Proposed structure of (n-C,H,)CoIII(a-B,CH,)NiIV( x- 

Eased on the above data, the structure proposed for (11) 
is shown in the Figure and has the gross geometry of a 
bicapped Archimedian antiprism. We tentatively assign 
the very low field (- 115.8 p.p.ni.) unique boron resonance 
to the boron in the apical position adjacent to the two 
metals., We propose for (I) a similar geometry with nickel 
and carbon a t  apices and the cobalt atom adjacent to carbon. 
Other possible structures for (I) and (11) cannot be excluded 
a t  this time, however. 

This compound may we31 be the first in a series of [n-C5H5)- 
M1(~-CB,H,+1)M2(n-C,H,) (M1,M2 = Co, Ni, for example] 
mixed-metal monocarbon metallocarborane systems, and 
affords us an excellent opportunity to study mixed-valence 
metsl-metal interactions in bimetallic metalIocarboranes. 
In addition, further isomers of (.rr-C,H,)ColH(n-CB,H,)NiI\'- 
(n-C,H,) may possibly contain metal-metal bonds, analogous 
to the metal-metal bond in the isostructural and isoelec- 
tronic (v-C,H,)CoIII(n-C,B,H,)Co~(n-C,H,) complex6 and 
the metal-metal bond in (~-C,H,)CO~~~(~~--C~B~H,,)COI~I- 
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