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tion products 20 in high ~ i e l d . l ~ ~ J ~  The furans can be 
trapped from the reaction mixture using maleic anhydride, 
giving the adducts 21.17 The diels-Alder adducts 22 were 
not observed,16a,b but formation of 21 can be rationalized 
via one mode of rearrangement from 22. The products 
from elimination of H20 from 22 were also detected in two 
cases (23a,b).16a,b *. 

the capping of the open face of the carborane, producing 
the closo -carborane 2,3-Et2C2B,H, in good yields. Sub- 
sequent heating of 2,3-Et2C2B,H, at -320 OC results in 
the high yield isomerization of the carborane to closo- 
2,4-Et&,B,H,. 

n Ph n 

The general pathways available during reaction of 
(carbene)metal complexes with alkynes in the presence of 
CO are now clearer. While a simple series of steps can be 
written to rationalize formation of hydroquinones, pyrones, 
and furans, and factors which determine which product 
predominates in a given case are not evident.ls 
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Two different isomers of the small closo-carborane 
C2B5H, have previously been reported. The nonadjacent 
carbon compound 2,4-C2B5H7 is formed by the thermolysis 
of nido-2,3-C2B4H2 or in the complex pyrolytic reactions 
of pentaborane(9) with alkynes2 and has been made on 
relatively large scales, although with poor selectivity. The 
2,3-RzC2B5H5 isomer has previously been reported as a 
byproduct of the reaction of alkynes with BgH123 and has 
never been isolated in more than trace amounts. We report 
here the development of simple synthetic routes to both 
of t?iese closo-R2C2B5H5 cage systems. 

The synthesis of 2,3-R2C2B5H5 involves the reaction of 
the readily accessible4 small carborane nido-2,3-&C2B4H6 
with triethylamine-borane at  140 "C. Thus, as is illus- 
trated below, the reaction results in the capping of the open 
pentagonal face of the nido-carborane by a BH group 
derived from the amine-borane. 

Et,N BH, - 
140' C 

2,3-Et,C2B, H, 2.3-Et2C, B5H5 

In a typical reaction, 0.547 g (4.16 mmol) of 2,3- 
Et$,B4H, and 3.4 g (29.7 mmol) of EhN.BH3 were reacted 
in vacuo at 140 "C for a total of 96 h with periodic (-every 
8 h) removal of evolved hydrogen and triethylamine. The 
volatile components were then separated by vacuum line 
fractionation through a -0, -45, and -196 "C trap series. 
Stopping in the -45 "C trap was 0.346 g (2.45 mmol) of 
2,3-Et2C2B5H5, corresponding to a 58.9% yield. The ma- 
terial was determined to be pure by llB and lH NMR5 and 
by gas chromatographic analysk6 

Similar capping reactions of larger cage polyhedral bo- 
ranes and carboranes have previously been reported by 
using either Lewis base-borane complexes or diborane(6) 
as reagents. For example, the reaction' of decaborane( 14) 

New Synthetic Routes to the Small &so-Carboranes 
2,3- and 2,4-R2C2B5H5 

Jeffrey S. Beck, Andrew P. Kahn, and 
Larry G. Sneddon" 

Department of Chemistry and 
Laboratory for Research on the Structure of Matter 
University of Pennsylvania 
Philadelphia, Pennsylvania 19 104-6323 

Received September 16, 1986 

Summary: The reaction of nido -2,3-Et,C2B,H, with tri- 
ethylamine-borane at 140 OC has been found to result in 
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(200 MHz, IIB spin-decoupled, 6, C,&): 4.52 (8 ,  BH4,6 and BH5), 2.14 
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with E@JBH3 yields (Et3NH+)2B,,Hl$- and the reaction8 
of arachno-1,3-C2B7H13 with Bz& gives c~oso-1,6-c2B8Hl~ 
Onak9 has previously examined the reaction of nido-2,3- 
C2B4H8 with diborane(6) a t  220 "C but found that, due to 
the rapid decomposition of diborane(6) a t  these temper- 
atures, no closo-carboranes are produced. Indeed, our 
studies have indicated that a minimum temperature of 140 
"C is necessary to activate the 2,3-EhC2B4H6 for reaction 
and that only Lewis base-borane complexes, such as tri- 
ethylamine-borane, which are stable to decomposition at 
these temperatures are suitable BH-capping reagents. In 
the present case it was also found that the closo-2,3- 
EhC2B5H5 product undergoes slow attack by triethylamine 
at  140 "C; therefore, it is necessary to periodically remove 
the triethylamine which is evolved during the reaction in 
order to achieve good yields. We have also employed other 
borane complexes containing less nucleophilic bases, such 
as C6H5N(Et),.BH3 and ( ~ - B U ) ~ P - B H ~ ,  and have obtained 
similar yields without removal of the base during the re- 
action; however, longer reaction times and higher tem- 
peratures were required. 

In the present study it was also found that thermolysis 
of 2,3-EhC2B5H5 (0.114 g, 0.81 mmol) in a sealed glass tube 
in vacuo for 47.5 h at -320 "C gave the nonadjacent 
carbon isomer 2,4-Et,CzB5H5 (0.093 g, 0.66 mmol) in high 
yieldlo (81%). Such thermally induced cage rearrange- 
ments, leading to separation of cage carbon atoms, are 
well-knownll for adjacent carbon carboranes, and this 
isomerization reaction thus provides a convenient, selective 
synthetic route to the 2,4-isomer. 

.A 
3200 C - 

E t  

The closo-C2B5H7 cage system is the most stable small 
carborane and has, in fact, been usedI2 as the backbone 
structure of a number of high-temperature polymers. The 
development, reported here, of new rational synthetic 
routes to both the 2,3- and 2,4-isomers promises to result 
in renewed interest in the chemistry and properties of these 
carboranes. 
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Summary: The electrochemical oxidation of (CBH,)Cr- 
(CO), and other r-hydrocarbon complexes 'can be made 
chemically reversible in dichloromethane by using low 
temperatures or by using tetrabutylammonium hexa- 
fluorophosphate as the supporting electrolyte. 

The electrochemical oxidation of (C6H,&r(C0)3 (1) has 
been the subject of numerous Normally the 
one-electron oxidation of 1 at room temperature is followed 
by rapid decomposition leading to Cr(I1) or Cr(III) and free 
benzene. The stability of (arene)Cr(C0)3+ radical cations 
can be enhanced by alkylation or metalation of the arene 
r inp"  or by using pure trifluoroacetic acid (TFAA) as the 
~o lven t .~  The success of TFAA in this regard is no doubt 
due to its low intrinsic nucleophilicity as well as its ability 
to lower the reactivity of the supporting electrolyte anion 
via hydrogen b~nding.~J~- '*  Nevertheless, the serious 
corrosive and toxic properties of TFAA render it incon- 
venient as a routine solvent for electrochemical studies. 
We have previously that cyclic voltammetry at 
temperatures down to -95 "C in the relatively nonpolar 
and nonnucleophilic solvent dichloromethane is a con- 
venient procedure for studying reactive metalloporphyrin 
complexes. Herein we demonstrate that low-temperature 
cyclic voltammetry (LTCV) in dichloromethane is a useful 
way to study organometallics such as 1 that display 
chemically irreversible redox processes at room tempera- 
ture. Also reported is the surprising observation that the 
radical cations produced from the room-temperature ox- 
idation of 1 and other r-hydrocarbon complexes are much 
more persistent when the supporting electrolyte is changed 
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