
1510 Organometallics 1986, 5, 1510-1511 

W2(DMP), (60% yield)." We believe that this synthesis 
may be improved even further so that even larger quan- 
tities of W2(DhiP)6 can be prepared in two easy steps from 
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We have already reported24 that various transition- 
metal reagents, such as (R2C2)Co2(C0)6 and IrCl(C0)- 
(PPhJ2 catalyze the addition reactions of polyhedral bo- 
ranes with acetylenes to give boron-substituted alkenyl- 
boranes and carboranes. 

A, 
B,H, t MeCiCMe Cata'yst + )c=c 

3 

We have also demonstrated that these alkenylpenta- 
boranes are precursors to monocarbon carboranes. 

(11) Na powder (2.25 g) was added to a suspension of 20 g of W- 
(DMP)& in 200 mL of diethyl ether that had been cooled to -55 "C. 
Mercury (10 g) was added, and the mixture was stirred and allowed to 
warm to 25 "C. After 4 h at 25 "C the crude product waa filtered off and 
recrystallized from THF; yield 10 g (60%). 
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Summary: A new type of metal-promoted alkyndpoly- 
M a l  borane insertion reaction is reported. The reaction 
of the carborane n&-2,3-Et2C2B4H, with 2-butyne in the 
presence of sodium hydride and nickel( I I) chloride has 
been found to result in a two-carbon insertion into the 
cage system to produce the tetracarbon carborane nMo- 
4,5,7,8-Me2Et2C,B,H,. 

We have previously demonstrated that transition-metal 
reagents can be used to catalyze a variety of reactions of 
polyhedral boron cage compounds, including acetylene- 
a d d i t i ~ n , ~ - ~  olefin-sub~titution,~ dehydrodimerization~' 
dehydrocondensation,l and cage-growth reactions.' We 
report here the development of a new type of metal-pro- 
moted boranelalkyne reaction which leads to direct two- 
carbon insertion of the acetylenic unit into the polyhedral 
boron cage system. 
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In contrast to the metal-catalyzed acetylene-addition 
reactions described above, we have now found that Ni(I1) 
salts promote two-carbon acetylene insertions into poly- 
hedral borane anions. For example, the reaction of the 
carborane nido-2,3-Et2C2B4H6 with 2-butyne, in the 
presence of sodium hydride and nickel(I1) chloride has 
been found to produce the four-carbon carborane nido- 
4,5,7,8-Me2Et2C4B4H4,* as shown. 

Et Me 

4,5,7,8-MezEtzC, B4 H, 

In a typical reaction, 0.174 g (1.34 mmol) of 2,3- 
Et2C2B4H6, 0.048 g (2.0 mmol) of sodium hydride, 0.174 
g (1.34 mmol) of anhydrous nickel(I1) chloride, and 13.4 
mmol of 2-butyne were reacted in 5 mL of THF in vacuo. 
The reaction mixture was initially warmed to -20 "C 
whereupon 1 equiv of hydrogen gas was generated, indi- 
cating the formation of the carborane anion.g 

2,3-Et2C2B4H6 + NaH - Na+[2,3-Et2C2B4H5-l 

The solution also gradually turned dark green, suggesting 
the formation of a nickelacarborane complex. The reaction 
was then allowed to react at 0 OC for 1 h, during which time 
the solution darkened and an additional 0.30 mmol of H2 
was evolved. The solution was stirred for another 18 h at  
room temperature, resulting in metal reduction and the 
formation of a black, viscous solution. Vacuum-line 
fractionation of the contents of the reaction flask gave 76 
mg (0.413 mmol, 31% yield) of pure nido-4,5,7,8- 
Me2Et2C4B4H4 retained in a -23 OC trap.1° 

-20 'C 

(8) The 4,5,7,&Me&C4B4H4 carborane has been numbered accordq 
to conventional procedures to allow comparisons to previously isolated 
compounds, however, using the new nomenclature rules recently proposed 
for polyhedral boranes thie compound would be 2,3-Me2-4,5-Et+tra- 
carba-1-debor[C~-(1u62u42u62o6)-A"-c~oso]nonaborane(8). See: Casey, 
J. B.; Evans, W. J.; Powell, W. H. Znorg. Chem. 1983, 22, 2228-2235, 
22362245. 

(9) Dunks, G. B.; Onak, T. Znorg. Chem. 1966, 5, 439-442. 
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Nab 1 vEt 
i 

While the mechanism of reaction has not yet been 
proven, the above observations suggest that the reaction 
may involve the formation of a nickelacarborane complex, 
such as shown below, which upon warming can intramo- 
lecularly eliminate NaCl and react with 2-butyne to gen- 
erate an alkyne/metallacarborane intermediate. 

r ci 1" r M ~ C Y  - 1 
t MeC=CMe - I y +NaCI 

E t  

Na'[~~.Et,C,E,H,.Ni.Clle Me,C2 -Ni.Et,C,B, H, 

Upon standing this alkyne/nickelacarborane complex 
could then undergo reductive cycloaddition to form the 
four-carbon carborane and nickel metal: 

E t  + N P  Me 

4,5,7,8.Me2 Et,C, E, ti, 

Fehlner'lJ2 first synthesized the carborane 4,5,7,8- 
Me4C4B4H4 in 60% yield from the photolytic reaction of 
B4HBFe(C0)3 and 2-butyne; however, this synthesis is 
limited by the difficult, low-yield (10-20%), synthesis of 
the ferraborane B4HBFe(C0)3 The peralkylated derivative 
has also been prepared13 by El-Essawi and Siebert in 30% 
yield by treating 2,3,5-thiadiborolene with 2 equiv of po- 
tassium metal. 

The carborane synthesis described here has several 
significant advantages over those previously reported. The 
reaction involves a convenient "one-pot" procedure and 
employs the readily a~cessible'~ 2,3-EhC2B4H, as a starting 
material. Furthermore, the product is easily isolated in 
high purity by simple vacuum-line fractionation. 

The above results are important, not only because they 
provide a reasonable synthetic route to the nido-R4C4B4H4 
carborane system but also because they suggest that metal 
reagents may be able to promote two-carbon insertions into 
a variety of polyhedral boron cage systems leading to new 
routes to two, four, and, perhaps, higher carbon carborane 
clusters. We are continuing to study both the scope of 
these reactions and the chemistry of the unique hybrid 
"organic-inorganic" cluster nido-R4C4B4H4. 
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Summary: When 3,3dlmethylcyclopropenes 

CR1=CR2CMe2 (where R1, R2 = HI C0,Me) are allowed 

to react with the complex [(Pd(C6H,CH2NMe2)@-CI)J,1 
(l), insertion into the Pd-C bond of the cyclopalladated 
dimethylbenzylamine (dmba) takes place to give two 
types of compound. Opening of the strained ring of the 

olefin affords monomeric [Pd((r3-CMe2T-iCR2~GR')C,H,- 

CH2NMe2]CI] (2), whereas simple insertion without C-C 

bond cleavage leads to dimeric [[Pd (CR'CMe2CR2- 

C6H,CH2NMe2)(j.t-Cl)),] (3), in which the cyclopropyl 
ring is bonded to both the dmba moiety and 
the Pd atom. With 3,3dimethylcyclopropene itself (R' = 
R2 = H) only compound 2a is obtained, whereas 1,2di- 
carbomethoxy-3,3dimethylcyclopropene (R' = R2 = 
C0,Me) affords only compound 3a. However, the cyclo- 
propene where R' = H and R2 = C0,Me gives a mixture 
of both 2b and 3b in a 1:l ratio. Compounds 3 react with 
pyridine in a bridge-splitting reaction to give the mono- 
mers 4a and 4b, the latter being fully characterized by an 

X-ray diffraction study. Crystals of [Pd(C(CO,Me)- 

CMe2CHC6H,CH2NMe2]pyCI] (4b) belong to the space 

group P2,2,2, with a = 12.408 (5) A, b = 16.315 (4) A, 
c = 10.423 (5) A, v = 2109.9 A3, and Z = 4. The 
structure has been refined to R = 0.028 and R ,  = 0.038. 
The pyridine is located trans to the nitrogen atom of the 
dmba. The cyclopropyl unit is a-bonded to Pd via the 
carbon atom which bears the C02Me group whereas its 
CH group is bonded to the previously metalated carbon 
atom of the dmba. The geometry of the new seven- 
membered organometallic ring compares favorably with 
that of related compounds obtained by insertion of alk- 
ynes into the Pd-C bond of cyclopalladated dmba. 
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It has been shown that cyclopropenes display versatile 
behavior toward transition-metal complexes. Indeed, it 

(1) Reactivity of cyclopalladated compounds. Part 12. Part 11: Arlen, 
C.; Pfeffer, M.; Bars, 0.; Le Borgne, G. J. Chem. SOC., Dalton Trans. 
1986, 359. 

(2) (a) Laboratoire de Chimie de Coordination. (b) Laboratoire de 
Cristallochimie. 
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