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Abstract 

The synthesis of mne-vertex metallacarbathiaboranes [5-(~~- 
C,Me,)-arachno-5,4,6-MCSB,H,,], where M = Rh or Ir, can 
be engineered either from the ten-vertex substrate [arachno- 
6,9-CSB,H,,] by a site-specific addition of the metal centre 
that is accompanied by the directed elimination of specified 
boron cluster vertices, or by the directed successive removal 
of two boron vertices from [uruchno-6,9-CSB,H,,], or of one 
vertex from [aruchno-4,6-CSB,H,,] prior to the site-specific 
addition of the metal centre. 

in the presence of base, to give the eleven-vertex 
n&-structured rhodathiacarbaborane [(PPh,),HRh- 
CSB,H,,] (schematic cluster structure II) [4]. We ex- 
pected this open eleven-vertex nido structural type to 
be quite reactive, and indeed found that mild thermolysis 
resulted in dihydrogen loss, quantitatively, to give closo- 
structured [(PPh,),RhCSB,H,] of schematic cluster 
structure III [4]. 

There is merit in designing routes to metalladihetero- 
boranes with successively fewer vertices. These com- 
pounds are of increasing interest as the proportion of 
boron to the other atoms within the polyhedral clusters 
is progressively reduced. 

In the II* III conversion of Scheme 1, the cluster 
closure by dihydrogen loss is facilitated by having two 
labile hydrogen atoms in the open face. If this dihydrogen 
elimination is not possible, then preferential elimination 
of the open-face B(lO) and B(ll) vertices should occur, 
because these positions are flanked by open-face {CH,} 
and {S} units and are therefore very susceptible to 
elimination [l, 51. A reaction to give an intermediate 
of general structure II that does not have even numbers 
of labile hydrogen atoms available should therefore 
result in B(lO)B(ll) loss under reasonably mild con- 
ditions to give a nine-vertex {MCSB,} system of sche- 
matic cluster structure VI (Scheme 1). 

In accord with this, we report preliminary results 
that show that reaction of [($-C,Me,)MCl,], (where 
M= Rh or Ir) with [aruchno-6,9-CSB,H,,] in CH,Cl, 
solution for one hour in the presence of non-nucleophilic 
base, followed by chromatographic separation of the 
products, resulted in the isolation of the new mne- 
vertex metalladiheteroboranes [5-($-C,Me,)-arachno- 
5,4,6-MCSB,H,,], where M = Rh or Ir, as orange (Rh) 
or yellow (Ir) crystalline solids in yields of c. 10% (as 
yet unoptimised). Each compound was identified and 
characterised by mass spectrometry and NMR spec- 

Although polyhedral dicarbaboranes [l] and metalla- 
dicarbaboranes [2] are the best recognized and most 
studied polyhedral boron-containing cluster compounds, 
diheteroboranes and metalladiheteroboranes in which 
the two heteroatoms are different are surprisingly rare. 
For the development of this interesting area it is 
important to develop systematic synthetic routes. Re- 
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cently we reported the systematic synthesis of the useful 
mixed diheteroborane starting material [aruchno-6,9- 
CSB,H,,] (structure I, Scheme 1) [3], and its ready 
systematic conversion, by reaction with [RhCl(PPh,),] 
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troscopy*, and has the cluster configuration as in struc- 
ture VII (in which unlettered vertices are BH(ewo) 
units). In this NMR characterisatlon the llB NMR 
shielding patterns have a relationship to that** of the 
[hypho-7,&CSB,H,,]- anion [6] that is similar to that 
between the previously reported [7] metalladithiaborane 
[5-($-C&Me,)-aruchno-5,4,6-CoS,B,H,1 and the [hypho- 
7,8-S,B,H,]- anion [8] (Fig. 1). 

,H H 

VII VIII 

An alternative systematic approach to the mne-vertex 
{MSCB,} system from the ten-vertex [aruchno-6,9- 
CSB,H,,] starting substrate is via a selective successive 
manipulation and dismantling of the two vulnerable 
open-face boron vertices from the diheteroborane before 
addition of the metal centre (Scheme 1, sequence 
I --f IV * V + VI). Thus deprotonatlon to [arachno-6,9- 
CSB,H,,]- followed by thermolysis results in cluster 
comproportionation to give the nine-vertex [aruchno- 
4,6-CSB,H,,]- anion (schematic structure IV) and the 
eleven-vertex [nido-7,9-CSB,H,,]- anion+. The eight- 
vertex [hypho-CSB,H,,]- anion** of schematic structure 
V may then be obtained in 65% yield from [arachno- 
4,6-CSB,H,,]- by heating at reflux in aqueous acetone 

*NMR data for [(C5MeS)MCSB,H10] as follows (CDCl,, 294-297 
K), ordered as: assignment 6(“B) (ppm) [6(‘H) (ppm) m square 
brackets] For M=Ir: BH(7, 2 or 9) +3.3 [ +4.53], BH(9, 7 or 
2) -1.6 [ +3.93], BH(2, 7 or 9) -3.4 [+2 511, BH(7) - 19.1 
[ + 1.021, BH(8) - 30.0 [ +3 08(ero), -0.99(p), -2.89(p)], BH(3) 
-42.6 [ +0.20]; 6(‘H)[CH,(4)] -0.21 and - 1.55, G(‘H)(C,Me,) 
t2 02. For M= Rh: BH(7, 2 or 9) +4.4 [ +3.66], BH(9, 2 or 
7) + 1.9 [ +2.66], BH(2, 7 or 9) +0.3 [ +3 181, BH(7) - 11 3 
[ + 1.581, BH(8) - 29 2 [ + 1.95(ero), -0.86(p), - 2.64(/.~)], BH(3) 
-40.4 [ +0 371; 6(‘H)[CH,(4)] - 0 48 and - 1 53, G(‘H)(C,Me,) 
+ 1.93. The mass spectrum of each compound (70 eV, EI) showed 
a high-mass cut-off correspondmg to the highest lsotopomer 
molecular Ion. 
**NMR data [6] for [hypho-CSB,H,,]- as follows ([PPh,]+ salt, 

CDC&, 294-297 K), ordered as assignment 6(“B) (ppm) [6(‘H) 
(ppm) m square brackets] BH(7) f2.0 [ +3.45], BH(9) -3.1 
[ t2.451, BH(2) -23.9 [ + 1.911, BH(8) -29 4 [ + 1.411, BH(l) 
- 33 2 [ +0.57], BH(3) -54.8 [ - 0 811; addItIona 6(‘H) data. 
CH,(4) -0 16 and -1 74, /~H(1,2) -0 67, /.~H(8,9) - 1.27, 
pH(7,8) - 2.51. (Numbering, for convemence of comparison, as 
m VIII but with the 5-vertex missing ) 

‘These two cluster systems are best separated by chromato- 
graphy, after protonatlon to give a mixture of the two neutral 
species [4,6-CSB,H1,] and [7,9-C&H,,] Deprotonatlon by base 
of the separated neutral species then regenerates the pure amens. 
Here It should however be pointed out that, although this sequence 
mcely Illustrates a synthetic prmclple, at present rn practice the 
more convement route to [aruchno-CSB,H,,] IS via the previous 
literature method [9] 
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Fig. 1. Stick diagrams of the relative intensities and chemical 
shifts 6 of the resonances m the “B NMR spectra of (from 
bottom to top) the [SCB,H,,]- anion (A, data from ref 6), 
[(C,Me,)IrCSB,H,,] (0, this work), and [(CSMe,)RhCSB,H,,,] 
(0, this work), together with [(C,H,)CoS,B&] (0, data from 
ref. 8) and the [SZB6H9]- anion (V, data from ref. 7) for 
comparison The mne-vertex aruchno numbering system VIII 
(with the 5-vertex missing) 1s used for the [CSB,H,J and 
[&B,H,]- amens to facihtate comparison Assignment among 
the 7, Y and 2 posItIons for the {MCSB,} species IS at present 
tentative. 

solution. Treatment of this [7,8-CSB,H,,]- anion with 

[(r15-WWMQ12 in dichloromethane solution, fol- 
lowed by chromatographic separation, then results in 
the isolation of the two nine-vertex [5-($-&Me,)- 
arachno-5,4,6-MCSB,H,,] compounds in yields of c. 
20% (as yet unoptimised). 

Present work is aimed at the application of this 
approach to cover other metal centres, and to other 
cluster substrate types that are prone to selective cluster 
dismantling approaches. 
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