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Metallocarboranes : New Syntheses 

By J. L. SPENCER, M. GREEN, and F. G. A. STONE* 
(Department of Inorganic Chemistry, The University, Bristol BS8 1TS) 

Summary The preparation and synthetic utility of the 
complexes T12R1R2C2BgHg is described ; the closo-car- 
borane Me,C2BgH, undergoes a polyhedral expansion 
reaction on treatment with d10 metal complexes of Ni, 
Pd, or Pt. 

Two general methods have been developed for the syn- 
thesis of doso-metallocarboranes. The first and most 
widely used approach involves treatment of the open 
faced nido-carborane dianions (3)-1,2- and (3)-1,7-C2BgH,12- 

with transition-metal ha1ides.l More recently2 the addition 
of two electrons to the closo- species BnC2Hn+n (n = 6, 8, 
and 10) to form dianions, which react with CoCI, in the 
presence of sodium cyclopentadienide to form B,C,H,+,Co- 
(r-C6H5) complexes, has been described. 

Addition of an aqueous solution of thallium(1) acetate to 
an aqueous alkaline solution of (3)-lJ2-C2BgH12- or its 
C-alkyl derivatives causes the precipitation of the new 
complexes (I),? T12R1R2C2BgH, (R1 = R2 = H, pale yellow; 
R1 = H, R2 = Me, yellow; R1 = Ra = Me, bright yellow). 

t Satisfactory analytical data were obtained for these compounds and all other new complexes mentioned. 
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One of the thallium atoms can be readily replaced by, for 
example, the tetraphenylarsonium cation, suggesting the 
presence in (I) of the icosahedral ions [T1R1R2CaBQH9]-. 
Compounds (I), which are stable in air and water and may 
apparently be stored indefinitely without special pre- 
cautions, are useful intermediates for the synthesis of 
closo-metallocarboranes. Reaction in tetrahydrofuran with 
halogeno-derivatives of the transition metals , for example , 
FeC4, CoCl,, Pt( l,5-C8H12)Clz, and cis-Pd(PPh,),CI,, leads 
to the formation in high yield of the corresponding n- (3) - 1,2- 
dicarbollyl derivatives. The only thallium derivative of 
boron hydrides or carboranes to have been previously 
described is the complex [Me,Tl]+[Me2TIBloHl,]-.3 

FIGURE 

\Ve have also considered the possibility of the direct 
insertion of a nucleophilic metal species into the closo- 
carboranes BnC2Hn+, (n = 6, 8, and 10). However, the 
highly reactive species Ni(PEt,), and Pt(PEt,), failed to 
react with either l,2-C2BloHl~ or 1,2-Me,C2B,,H,,. In 
contrast, the eleven atom carborane cZoso-1, 8-Me,C,BQHQ4~6 
readily undergoes a novel polyhedral expansion reaction, 
on treatment with, for example, Ni(lJ5-C8Hl2),, Ni( 13- 
C,H,,)(PEt,),, Pd(ButNC),, Pt(PEt,),, or Pt(PMe,Ph), at 
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room temperature or below in toluene to give, respectively, 
the crystalline complexes ( 1, 5-C8H12) Ni [Me2C,BQH,] (11) , 
(Et,P),Ni[Me,C&QHQ] (III), (ButNC),Pd[Me2WQHQ1 ( V ,  
(Et,P),Pt[Me2C2BQHQ] (V), and ( P W ~ ~ P ) ~ P ~ [ M ~ & Z B Q H Q I  
(VI) . The suggested structure for these complexes is one in 
which the metal atom, formally in the (2+) oxidation state, 
occupies the vacant icosahedral site above a nido-1,7- 
MezC2BQHQ fragment (Figure). 

Physical data collected on these compounds were con- 
sistent with the suggested structure. For example, the 
brown crystalline complex (11), m.p. 207-210" (decomp.), 
had i.r. bands at 2550s and 2520sh (BH) cm-l, and no 
other bands between 2800 and 1600cm-l. The mass 
spectrum showed a parent envelope centred at  m/e 327 with 

l1BQ1Hz,; the 100MHz 1H n.m.r. spectrum consisted of an 
unresolved multiplet centred a t  r 4.36 (4H, CH=), a broad 
multiplet a t  7.4 (8H, CH,), and a singlet a t  7.20 (6H, Me); 
the 80.2 MHz IlB n.mr spectrum contained doublets of 
relative area 1:2:2:1:3 at  + 20.1 (150), + 23.4 (150), 
+27.3 (160), +28.7 (150), and +3%1 (160) [chemical shift, 
p.p.m. relative to B(OMe), (JBH, Hz)]. The suggested 
(3)-1,7-structure has six types of boron atom in the ratio 
2: 2: 2: 1: 1: 1 as have the (3)-1,2-, (3)-5,6-, and (3)-511- 
isomers. As the other five possible isomers have boron 
ratios of 2:2:2:2:1 or l : l : l : l : l : l : l : l : l  these were 
therefore excluded. Strong support for the (3)-1,7-struc- 
ture came from an alternative synthesis of (V) from cis- 
Pt (PEt3),C12 and [ (3)-1, 7-Me,C,BQHQ]2-. 

The formation of (11)-(VI) formally corresponds to an 
oxidative-elimination reaction at  the metal centre. 

We thank Mr. B. Aufderheide of Carnegie-Mellon Uni- 
versity for measuring the 80.2 MHz llB n.m.r. spectra, and 
U.S.A.F. Office of Scientific Research for support. 

partial cut-off at the m/e 330, corresponding to aoNi12C 12- 
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