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SUMMARY

Both metal atom and organometallic reagents have been used fdr the
direct synthesis of various metallocarborane clusters without the prior
synthesis of the carborame system. As examples, the reaction of cyclo-—
pentadiepe, pentaborane(9). and 2-butyne with cobalt atoms and the reaction

of 2-butyne and pentaborane(9) with (n—CSHS)Co(CO)2 are reported.

In the past, the synthesis of a metallocarborane cluster has usuﬁlly
required the initial synthesis of the carborane cage which could then be
reacted with an appropriate metal salt or organometallic reagent to form
the complex. In only a few cases has a metallocarborane compound been .
obtained by direct formation of the carborane fragment at the metal site
11, We now wish to report ocur preliminary results demenstrating that
cither metal  atom or organometallic reagents ¢an be used to effect the
diréct conversion of boron hvdrides and alkynes into metallocarborane
clusters without the prior synthesis of the carborane cage system. The
use of these techniques may considerably broaden the scope of possible
metallocarborane clusters and may eventually lead to the development of

metal assisted syntheses of the carboranes themselves. As an illustra-



ges;abc:ane{Q), 25 ﬁl cf Z-bﬁtyne ané 25 ml cf cyelcges ad;ese wefe

co—condensed w1“& O 25 g of cobalt vapor at -196 C.' The. metal atoms were

generated by electrical heatlng (7 4 v 58 A) of cobalt powder in a
lexaa;a.GSrlQQ& tungstgnlalumlma gxgsa&gdt maun&ed.hexyees.tuq.ua&ex cgeled
copper electrodes-' After'metal dep051t10n was complete (1-2 hours) the
mixture was allowed te- warm to room temperature, the volatiles. removed in
vacuo and the residue in the reactor was extracted with methylene chioride.
S&parat;od By preparat;ve thin 1ayer chromatqgraphy cf thls extract gave the
three'metaliocarhérane coﬁplexes shown in the figure:

,2,3—(ca ) —l,2,3—(n~CsH'5)CoC H (D, 14.5mg, 3.1%, 2,3—(cﬁ3)2—1,7,2,3-

, zB4 4
(n-CgH,), c°2c233a3 (I1), 5.2 mg, 1.3%, and 2,5-(CH,) ,-1,7,2,5-(~CH,),

COZCZBSHS (I11), 4.0 mg, 1. 22. Both I and II were previously known and

BgHg + GsHg + CHiC=CCHj + Co (atoms) ——

I I 4

Figure

.Open circles represent BH units, shaded circles C—CH3 units and
dark circles €-H uvnits. ©One cyclopentadienyl ring has been omitted om
Compound III for clarity.

i Ylelds are- calctlated based on metal vaporlzed and assumed only 50% of
- the metal reaches the reactlon zone- '
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"Qe?e idenpifigd b§*c§mﬁarison of their mass spectra and llB and 1H nmr
Arséec;;a,gitﬁuii;éfé;u;é valﬁés [2]. Compound III is a new isomer [3] of
Eﬁe:CéﬁSsz,cage sxstemvandrthe structure shown in the figure was deduced
.fromrtherfollowing'spectroscopic data. The 100 mHz pmr spectrum of III im
CD#Clz_shows4th cyclopentadienyl resonances each of intensity five at 4.45
and 4.34& pnm, and two methyl resonances each of intensity three at 1.93 and
1.66 ppm. The 32.1 mHz 113 amr in CD,ZCL2 consists of five doublets of
equal intensity at 73.2 ppn (J=156Hz), 55.4 (164), 1.0 (133), -1.9 (129)
and -13.4 Qlﬁ@}**- Thus, both the,lls.znd %ﬂ oy Spectrz indicate the
absence of aﬁy plane of symmetry. Furthermore, the observance of two
doublets at very low field in the 11B nmr is consistent with the presence
of the two>different four coordinate boron atoms (positions B4 and B6
in the figure) attached to two metal atoms [3a,4]. Therefore, if the cobalt
atoms are assumed to occupy five coordinate positions in the cage and the
carbon atoms remain adjacent, then only the structure indicated is in agreement
with tihie above data. It was aiso found that IIT could be quantitatively
isomerized a2t 190°C to the previocusly known 5,6—(CH3)2—1,8,S,6—(n—CSHS)2
COZCZBSHS [3a], which provides further evidence for the proposed structure.

Also isolated from the above reaction were moderate amounts of )
hexamethyl benzene (~20 mg). This suggested that an important step in
the metal atom reaction may be an initial formation of a cyclopentadienyl
cobalt fragment, (n-CSHS)Co. Indeed work by Vollhardt and others [5]
has shown that (n-CsHs)Co(CO)2 is a useful oligomerizaiton catalyst for
alkynes and may also irvolve the formation of such a fragment. We therefore
also investigated the use of (n—CSHS)Co(CO)2 as a reagent for metallocar-
borane synthesis.

Initial reactions were performed in sealed tubes to which equimolar
amounts of (n—CSHSCo(CO)Z, pentaborane(9) and 2-butyne were added. After
heating for 3 hours at 200°C, the volatiles were removed in vacuo and the
residue separated by thin layer chromatography to give the known compounds:

Fk -
Chemical shifts are referenced to boron trifluoride etherate, with

positive values indicating a shift to lower field.



probably the- esult of_the hlgh temperatures employed and we are currencly

’exploring/reactions with more moderate cunditions in order to obtain mono-"

metal couplexes.}3‘7'

Althougb the y1e1ds ofclusters obtained by using either technlque"

descnbed above are low, we have clearly demnstrated ‘the fea.s:.bll:.ty of -

'utilizlng elther metal atom or organometalllc reagents as aids for carborane
constructlon. Further-efforts will now be directed toward optlmizlng these
cond:.t:.ons as well as- at:te_mpts to 1ncotporate other heteroatoms in the cage:

Acknowledgement 1 L R

» We thank the National Sc1ence Foundation (Grant CHE 77—06793) and -
the Univer51ty of _Pennsylvania Materlals Research Laboratory {Grant DMR-76—

00678) for support ‘of this research. -
REFERENCES

1. ,(Aa)i P. A. Wegner, L. ‘J. Guggenberger and E. L. Muetterties, J. Amer.

‘Chem. Soc., 92, (1970) 3473. (b) R. N. Grimes, Pure Appl. Chem., 39

(1974),. 455, (c) V. R. Miller, R. Weiss and R. N. Grimes, J- Amer.

Chem. Soc. 99 (1974) 5646.
2. R. N. Grimes, D<. C. Beer, L. G. Sneddon, V. R. Miller, R. Weiss,
Inorg. Chem., 13 (1974) 1138

3. Tﬁo*dther isorwers have previously been discovered: (a) 1 8, 5 6—- (n—C Hs)z

Co2c23537 V. R. Miller, R. N. Grimes, J. Amer. Chem: Soc. , 95, (1973)
2830 and (B) 1,7,5,6-(T-CH,),Co,C B H; - V. R Miller, L. c.fs:iéddoh,-

D. C. Beer and R. N.. Grimes, J. Amer. Chem. Soc., 96 (197A) 3090.'_>,_7_

4o ﬁ._J. Evans, G.. B. Dunks and M. F. Hawthorne,r Jo Amer.:Chem..Soc.,‘gégt;

- @973 4565. e

5. K. P..C. v°11héra:;,' Accts. of Chém. Res., 10  :(1977):1. -




